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Ouaekcapap IBamoBuud CremaHenb
(1942 — 2007)

24 tpaus 2017 poKy BUIIOBHIOETHCS 7D POKIB BiJI JIHS HAPOAZKEHHS BUIATHOTO YKPAIHCHKOTO
MaTeMaTHKa, JOKTOpa (hi3MKO-MaTeMaTHIHUX HAyK, npodecopa, dneHa-kopecmonaeata HAH
Ykpaiunn Ogaekcanapa Isanosnyaa Crenaniis.

Outekcanap IBanosud Hapoauscs 24 Tpasuga 1942 poky B cesi KomapiBka na YepHiriBiiuni y
BUHTEJBCHKIM poauni. ¥ 1959 porii 3i cpibHOIO MegaL1i0 3aKinduB KoMapiBChbKy cepeIHIO IKOTY
iy 1960 poui BcTynuB Ha MexaHikKo-Maremarudnuii pakysibrer KuiBCbKOIro jepzKaBHOIO yHi-
Bepcutery iMmeni Tapaca IlleBuenka. Byke iy yac HaBYaHHSA B YHIBEPCUTETI MiJ[ KEPIBHUIITBOM
B.K. /I3s/1uka 3po0OuB mnepiiti KPOKU Y BEJUKY HAyKY.

[lo 3akiHydeHH] yHIBepCUTeTY y KOBTHL 1965 POKy modaB mpalfoBaTy Ha MOCA/Il iHXKeHepa B
IacturyTi matematuku AH YPCP, B skoMmy mpomnpaliioBaB 10 KiHII CBOro *KuTtd. Y 1967 pormi
BCTYLUB JI0 actipanTypu [Heruryry maremaruku i jocTpokoBo y 1969 poui 3axuctuB KaH/u-
Jarchky jucepramniio. ¥ 1974 p. BiH O/McKydYe 3aXUCTUB JUCEPTAII0 HA 3700yTTd HAYKOBOTO
cTyneHst qoKTopa ¢gizuko-maremarndaux HayK. ¥ 1982 p. O.1. Crenanio 6y/10 MIPUCBOEHO BUe-
He 3BaHHA Ipodecopa. Y 1997 p. obpano wrenom-kopecnorgenTom HAH Vkpainau. 3 1990 p.
Outekcanap IBanoBuu — 3aBiayBad Biggiay Teopil dyHKIN, 3 1996 p. — 3aCTYIHUK JHPEKTOPA
3 HaykKoBol pobotu lucturyry marematuku HAH Vkpainn.

O.1. Crenarens BigoMuii cremiaaicT y rajay3i Teopii HabamKkenns: (pyHKIIH AificHOT Ta KOM-
IJIEKCHOT 3MiHHOT, Teopii psaaiB @yp’e, rapMOHIYHOrO aHa i3y, TEOPil eKCTpeMaJIbHAX 3a/1a4.

Y 70-x poKax MHHYJIOI'O CTOJIITTS BiH CTBOPUB METO/IH, IO JO3BOJIAIOTH PO3B’ A3YBATHU 33,1a9y
Koamoroposa-HikoibcbKoro Ha Kiaacax (pyHKIIH K OHi€el, TaK 1 6araTboxX 3MiHHUX, 9Ki BU3HA-
JAIOThCS 38 JIONOMOTOI0 MOJIYJIiB HEIepePBHOCTI. 30KpeMa, HUM OYJ10 T0BeIeHO 6AraToBUMIipHU
anasior jemu Kopueitayka-Creukina. [le pano 3mory 3maiitu po3s’sa3ku 3aa4di Kosimoroposa-
Hikonbecbkoro Jjist 0araThbox JIHHIAHUX mporeciB migcymoByBanus psaiB Pyp’e, aad gkux I
3a/a491 PO3B’s3aTH ICHYIOUMMHA paHillle MeTOJaM1 He BIAaBaJIOCh.

o nodarky 80-x pokiB XX cropidds HafOLIbIOI 3araJbHUMH KJAcaMH HepiogudHux pyH-
KITi, I IKUX PO3TJIANATUCH 334a9l Teopil HaOIMKeHb, OyIu KJIacw, MO BU3HAYAIOTHCS IO-
xiguumu y cenci Beiyig ta Beitiigs—Hanga. [ kinacu Biirpaiors JlyzKe BayKJIUBY POJib y PI3HUX
pPO3/i1ax MaTeMaTuKu, poTe B IIKAIaX [HUX KJACiB HEMOYXKJ/IUBO PAHKYBATH CYMOBHI (PYHKIIIT
MaJIol TJIAJIKOCT, sIKi He MaloTh »KOJTHOI 3 TaKUX MOXIJTHUX, a TAKOYK HECKIHYEeHHO JudepeHIri-
itoBHi YHKIII.

Y 1983 poni Onexcamap Ipanopma Crenamens BBiB moHATTA (¢, 3)-TOXimHOI, AKe BKIIOUAE
B cebe 1 mousrrs noxignux 3a Beitem Ta 3a Beittem-Hagem. Cropena num kiracudikaiis
nepioguyHux (PyHKIN Ma€ J0CUTH 3arajJibHUX XapaKTep, OCKIIbKH BOHA 3 OJHOTO OOKY J103BO-
JISI€ PAHKYBaTH BCIO MHOXKHHY CyMOBHHX (HermepepBHUX) (GYHKIH, a 3 iHITOr0 — Ja€ 3Mo-
I'y BHOKPEMJIIOBATU JOBOJI TOHKI 0cOOMBOCTI (DYHKININA. YHACTIIOK HaraTopivnol JTisgabHOCTI
O. 1. Crenanng, fioro y4HiB i NOCJIiIOBHUKIB Oy/IM CTBOPEHI METO/H, IO JI03BOJISIOTH PO3B’SA3y-
BaTHU 3aJa4l Teopil HAOIMKeHb Ha BBEICHUX HUM KJIACAX L%‘ﬁ Ta C’g"ﬁ.

Ha croroani Ha Ki1acax Lg‘ﬁ PO3IVISIHYTO IMPAKTUYHO BC1 OCHOBHI 3aa4i Teopil HAOIHKEeHb,
sIKl paHillie CTaBUJINCHh Ha KJjacax judepennifioBuux (QyHKIN, i ojep:KaHi pe3y/jbraru € 3a-
BepIIEHNMHU Ha TAaKOMY pPiBHI, Ha gKOMY BOHU Oysu Bigomi pamirre s kiaacis Beitng—Hamg.
Onepskani pe3yabraT OXOILIIOITH BiIOMI TBepIyKeHHs st AndepeHIiioBanx PyHKIR 1 Bij-
KPHUBAIOTH HOBI ebeKTH, AKi B IIKaJaX paHille BiJIOMHX KJACiB HaBITH HE MOIJIH OYTH IOMi-
JeHnMH. [lg TemaTuka 3HaAMILIA TOCTIIOBHUKIB B YKpaini, Pocii, Kurtai, Kanami, Typeuunni,
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['py3ii Ta iHMAX KpaiHax CBITY.

O. 1. Cremanenp ojep:KaB TaKOXK HU3KY TIHOOKHX OCTATOYHHX Pe3Yy/IbTATiB, MOB’SI3aHHUX 3
HAOJIMZKEHHSAM JIOKAJIbHO CyMOBHMX (DYHKITIN, 3aJJaH1X Ha JIHCHII ocl, 3 HabJIMKeHHIM iHTerpa-
JiB Tunry Kot Ha cripgaMJIIOBaHUX YKOPIAHOBUX KPUBUX KOMILIEKCHOI ILJIONIMHU Ta 3 CHJAbBHUM
MiICYMOBYBAHHSAM OPTOTOHAJIHLHUX PO3BUHEHDL IHTEIPOBHUX (PYHKITIH.

B ocranni poku xuttd OJiekcanap [BanoBUY JT0CTiIzKYBaB BJACTHBOCTI JIHIHHUX IIPOCTOPIB
SP. JIng TaKuX IIPOCTOPIB BiH PO3B’SI3aB HU3KY BaKJIUBUX EKCTPEMAJIbLHUX 3324 1, 30KpeMa,
3aJia4y PO Haflkpalile n-4/jieHHe HAOJIUKEHHs Ta 33/a4y 1po nouepedHuk 3a Kosimoroposum
q-eJIICOiTiB.

Y 1BOpuomy mopobky O.I. Crenanms 7 monorpadiit Ta 6uibin Hik 200 HAYKOBUX TPAILb.
PezympraTu #ioro gocaiizkeHb OTpUMaJIN MAPOKe BU3HAHHY K B YKpaiHi, Tak 1 3a 11 Mekamu,
PO IO CBLAYUTH IepeBHIAHHA foro MoHOrpadiii aHIVIIKHCHKOI0 MOBOIO HMPECTHKHUME 3aKOP-
JIOHHUMY BUJTABHUTITBAMMU.

Outekcanap IBaHOBIY BIAJIO TOEIHYBAB HAYKOBY Ta OpraHizaIiiiHy poOOTy 3 meaaroriaHolo.
Bin cTBOpHB MaTeMaTH4YHY IIKOJIY, KOTpa 00’'€JIHYE Iy ILIesdly MaTeMaTHUKIB, sKi YCHIINTHO
IpaIOTh ¥ PI3HUX HAYKOBUX Ta OCBITHIX IEHTpaxX YKpaiHW Ta 3a 11 MexKaMu, TPOTOBXKYI0UN
JI0OP1 TpaauIil BITUM3HAHUX KT 3 Teopil dpyukiii. Cepes oro yuuis 9 1okTopis i 34 KaHIu-
natu Hayk. [1ig ftoro kepiBHHIITBOM OiibIe HixK 30 POKIB PeryasipHO HPOBOIUIUCS 3aCiTAHHS
HAyKOBHUX ceMiHapiB 3 Teopii ¢yukiiit B [acruryri maremaruku HAH Vkpainu.

Haykosi pocsaruenns O.1. Crenanng omepkann jep:kaBHe i rpoMajacbke Busnauus. Y 2002
porni Outekcaupy IBanoBudy 06y/10 MPUCBOEHE TTOYECHE 3BaHHA "' 3ac/yKeHuil [idd HAyKW 1 TeX-
Hikn Ykpainu", a 'y 2012 pomui npucyaxeno lep:kaBHy mpemito YKpaiHd B raJy3i HAYKH i TEXHIKA
(mocmeprro). O.1. Crenanens 6yB aypearom pecry6aikancbkol npemii imeri M. OcTpoBebKoro
(1974 p.), npemiit HAH Vkpainu imeni M. B. Ocrporpazacskoro (2000 p.) ta imeni M. M. Kpu-
qosa (2007 p.). Bin 6yB mouecuum npodecopom BoauHCHKOr0 HAIIOHAJIBHOTO YHIBEPCUTETY Ta
CJI0B’THCBHKOTO JIeP’KAaBHOTO MEAarOTI9HOTO YHIBEPCUTETY.

ZKuTTs BHIATHOrO BYEHOro pantoBo obipBaJiocs 13 xkoptuga 2007 poxy.

Csitiia nam’ath npo Outekcangpa IBanosuyda CrenaHiigd Ha3aB:KIM 30€peKeThCsS B HAIIUX
cepusx.

A. M. Camoitnenko, A. C. Pomantok, A. C. Cepaok, B. B. CaBuyk,
C. O. Hatiuenko, C. M. Uyiiro, A.JI. Illumriq, 1. B. Cokosrenko,
O. O. Hosgikos, €. C. Cimin, O. A. Kagyboscekuii, O. B. Uyiiko.
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Alexander Ivanovich Stepanets
(1942 — 2007)

May 24, 2017 marked the 75th anniversary of the birth of Alexander Ivanovich Stepanets,
outstanding Ukrainian mathematician, Doctor of Physical and Mathematical Sciences, Professor,
and the Corresponding Member of the National Academy of Sciences of Ukraine.

Alexander Ivanovich was born on May 24, 1942 in Komarivka village, Chernihiv region in
a teacher’s family. In 1959, he graduated from Komarivka secondary school and was awarded
with a silver medal. In 1960, A.I. Stepanets was accepted to Taras Shevchenko State University
of Kyiv, Department of Mechanics and Mathematics. While studying at the university, he made
first steps in big science under the supervision of V. K. Dziadyk.

In October, 1965, A. 1. Stepanets graduated from the university and started to work as an
engineer at the Institute of Mathematics of the National Academy of Sciences of Ukraine. At
the Institute of Mathematics, he had been working until the end of his life. In 1967, Alexander
Ivanovich became a postgraduate student at the Institute of Mathematics and ahead of time
in 1969 he defended the Ph.D. thesis. In 1974, he brilliantly defended the dissertation on
competition of a scientific degree of the Doctor of Physical and Mathematical Sciences. In
1982, A.I. Stepanets was awarded with an academic title of Professor. In 1997 he was elected
to become a Corresponding Member of the National Academy of Sciences of Ukraine. Since
1990, A.1. Stepanets headed the Department of Theory of Functions, since 1996 he was Deputy
Director for Research at the Institute of Mathematics of the the National Academy of Sciences
of Ukraine.

A. L. Stepanets is a well-known expert in the field of the theory of approximation of functions
of real and complex variable, in the field of the theory of Fourier series, harmonic analysis, theory
of extremal problems.

In the 70s of the last century, he created the methods that allowed to solve Kolmohorov-
Nikolskyi’s problem on the classes of functions of one and several variables, defined by means of
the modules of continuity. In particular, he proved the multidimensional analogue of Korneichuk-
Stiechkin’s lemma. This result allowed to find solutions of the problem of Kolmohorov-Nikolskyi
for many linear summation processes of Fourier’s series for which these problems could not be
solved by using existing at that time methods.

Until the early 80s of the XX century classes defined by means of derivatives in Weyl’s and
Weyl-Nagy’s sense, were the most general classes of periodic functions for which problems of
the approximation theory were considered. These classes play a very important role in vari-
ous branches of mathematics; however in scales of these classes it is impossible to classify
summable functions of small smoothness which have no of such derivatives, and also infini-
tely differentiable functions. In 1983, Alexander Ivanovich Stepanets introduced the concept
of (; B)-derivative which also included the concepts of derivatives in Weyl’s and Weyl-Nagy’s
sense. The classification of periodic functions, created by him, is a quite general, because, on the
one hand, it allows to range all set of summable (continuous) functions, and on the other hand,
it allows to distinguish quite subtle properties of functions. As a result of long-term activity of
A.T. Stepanets, his pupils and followers, the methods have been created. These methods allow
to solve problems of the theory of approximations on the classes Lg‘ﬁ and Cg‘ﬁ, which were
introduced by him.

Currently, for the classes Lg‘ﬁ, considered by almost all the major problems of approximati-
on theory which were previously considered for classes of differentiable functions. The obtained
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results are completed at such a level at which they were previously known for the Weyl-Nagy
classes. These results cover the known assertions for differentiable functions and reveal new
effects which could not even be seen in scales of previously known classes. This subject has
found followers in Ukraine, Russia, China, Canada, Turkey, Georgia and other countries of the
world.

A. L. Stepanets obtained a series of profound final results related to the approximation
of locally summable functions given on the real axis, with the approximation of integrals of
Cauchy type on the Jordan rectifiable curves of the complex plane and with strong summation
of orthogonal decomposition of the integrated functions.

In the last years of his life, Alexander Ivanovich investigated the properties of linear spaces
SP. For such spaces, he solved a number of important extremal problems and, in particular, the
problem of best n-term approximation and the problem of the Kolmogorov width of g-ellipsoids.

There are 7 monographs and more than 200 scientific works in the creative heritage of
A.T. Stepanets. Results of his researches have received wide recognition both in Ukraine and
abroad, which is evidenced by the re-edition of his monographs in English by prestigious foreign
publishers.

Alexander Ivanovich successfully combined scientific, organizational and pedagogical work.
He created the mathematical school which unites the whole group of mathematicians who
successfully work in various scientific and educational centers of Ukraine and abroad, carrying
on good traditions of the national schools on the theory of functions. Among his pupils there
are 9 Doctors and 34 Candidates of Sciences. Scientific seminars on the theory of functions were
regularly held under his leadership at the Institute of Mathematics of the National Academy
of Sciences of Ukraine for more than 30 years.

Scientific achievements of A.I. Stepanets gained the state and public recognition. In 2002
the honorary title "The honored worker of science and technology of Ukraine" was given to
Aleksander Ivanovich, and in 2012 he was also awarded with the State prize of Ukraine in
science and technology (posthumously). O. 1. Stepanets was a winner of a republican award of
M. Ostrovskyi (1974), awards of National Academy of Sciences of Ukraine of M. V. Ostrohradskyi
(2000) and of M. M. Krylov (2007). He was the honorary professor of Volyn National University
and of Slovyansk State Pedagogical University.

The life of the outstanding scientist suddenly broke off on October 13, 2007.

A bright memory of Aleksandr Ivanovich Stepanets will forever remain in our hearts.

A. M. Samoilenko, A.S. Romanyuk, A.S. Serdyuk, V. V. Savchuk,
S. O. Chaichenko, S. M. Chuiko, A. L. Shydlich, 1. V. Sokolenko,
O. O. Novikov, Ye.S. Silin, O. A. Kadubovs’kyi, O. V. Chuiko.
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ON THE SOME SHARP INEQUALITIES FOR ORTHONORMAL
POLYNOMIALS
F.G. Abdullayev!?, G. A. Abdullayev?
'Kyrgyz-Turkish Manas University, Bishkek, Kyrgyzstan,
2Mersin University, Mersin, Turkey
fahreddin. abdullayev@manas. edu.kg; fabdul@mersin.edu.tr; gabdullayeva@yandex.com

Let C be a complex plane, C := C U {oo}; L C C be a closed rectifiable Jordan curve,
G = intL, with 0 € G. Let h(z) be a non-negative, summable on L and non-zero except
possible on a set of measure zero function. The systems of polynomials {K,(2)}, K,.(z) =
a2+ ..., deg K,, =n, n=0,1,2, ..., satisfying the given condition:

1, n=m,

[ b K Rl 2] = { 0. ntm,

are called orthonormal polynomials for the pair (L, h). These polynomials are determined uni-
quely if the coefficient a,, > 0.

These polynomials were first studied in [9]. Some properties of the polynomials K,,(z) under
the various conditions on the weight function h(z) and contour L were investigated in [5]-[8],
[10]-]12], [1]-[4] and others (also, references in therein).

In this work, investigated the order of growth of the modulus of an arbitrary algebraic
polynomials in the weighted space, where the contour and the weight functions have some
singularities on the finite points on the contour. In particular, New exact estimations for the
growth of the modulus of orthogonal polynomials were obtained.

1. Abdullayev F. G., On the some properties on orthogonal polynomials over the regions of complex
plane I. // Ukr. Math. J. — 2000. — 52, No 12. — P. 1807-1817.

2. Abdullayev F. G., On the some properties on orthogonal polynomials over the regions of complex
plane II. // Ukr. Math. J. — 2001. - 53, No 1. - P. 1-14.

3. Abdullayev F. G. On the interference of the weight boundary contour for orthogonal polynomials
over the region // J. of Comp. Anal. and Appl. — 2004. — 6, No 1. — P. 31-42.

4. Abdullayev F.G., Abdullayev G.A. On the Sharp Inequalities for Orthonormal Polynomials
Along a Contour // Complex Analysis and Operator Theory. —2017. —No 1, DOI: 10.1007/s11785-
017-0640-1.

5. Fauth G., Uber die Approximation analytischer Funktionen durch Teilsummenihrer Szego-Entwicklung

// Mitt. Mathem. Semin. Giessen. — 1966. — 67. — P. 1-83.
6. Geronimus Ya. L., Polynomials Orthogonal on a Circle and Interval. IX 4+ 210 S. m. 9 Tafeln.
Oxford/London/New York/Paris, 1960.
7. Korovkin P.P., Sur les polynomes orthogonaux le long d’un contour rectifiable dans le cas de la
présence d’un poids // Rec. Math. [Mat. Sbornik| N.S. — 1941. — 9(51), No 3, P. 469-485.
8. Kuz’mina A.L., Asymptotic representation of polynomials orthogonal on a piecewise-analytic
curves // Proc. "Functional Analysis and theory of Functions" . I. Kazan’, 1963. — P. 42-50.
9. Szegd G., Uber orthogonale Polynome, die zu einer gegebenen Kurve der komplexen Ebene
gehoren // Mathem. Zeitschr. — 1921. — 9. — P. 218-270.
10. Szegd G., Orthogonal Polynomials. — Fizmatgis, 1962, (in Russian).
11. Suetin P. K., Main properties of the orthogonal polynomials along a circle // Uspekhi Math.
Nauk. — 1966. — 21, No 2 (128). — P. 41-88.
12. Suetin P.K., On some estimates of the orthogonal polynomials with singularities weight and
contour // Sib. Math. J. — 1967. — 8, No 3. — P. 1070-1078 (in Russian).
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ON THE PROPERTIES OF THE ALGEBRAIC POLYNOMIALS IN
L, 0<p<oo.
F.G. Abdullayev!?, T. Tunc?, G.A. Abdullayev?
'Kyrgyz-Turkish Manas University, Bishkek, Kyrgyzstan,
2Mersin University, Mersin, Turkey
fahreddin.abdullayev@manas.edu.kg; ttunc77@gmail.com; gabdullayeva@yandez.com

Let C be a complex plane, G' C C be a bounded Jordan region, L := 0G , Q :=C \ G. Let
©n, denotes the class of arbitrary algebraic polynomials P,(z) of degree at most n € N.
Let 0 < p < oo. For a rectifiable Jordan curve L, we denote

1/p
120, 5 = | [HEP@PE ) 0<p<o,
L
1P+ = max|Py(2)], p= oo
In this we study the following inequality:
[Pl < cttn(Ls hyp) |Pall, (1)

where ¢ = ¢(L,p) > 0 is a constant which is independent of n and P,, and u,(L,h,p) — oo,
n — oo, depending on the geometrical properties of curve L and weight function h. We give
condition "pay off"singularity of the curve and weight function, so that, the estimation of (1)
has coincided with the estimation of where the boundary curve and weight functions are not
any singularities. Also investigated the cases when conditions are "pay off"singularity of the
curve and the weight function does not hold ([1]-[3]).

1. Abdullayev F.G., Ozkartepe N.P., On the Behavior of the Algebraic Polynomial in Unbounded
Regions with Piecewise Dini-Smooth Boundary // Ukr. Math. J. - 2014. - 66, No 5. - P. 579-597.

2. Abdullayev F. G., Ozkartepe N. P., On the growth of algebraic polynomials in the whole complex
plane // Journal of Korean Math. Soc. — 2015. — 52, No 4. — P. 699-725.

3. Abdullayev F.G., Ozkartepe N.P., Uniform and pointwise polynomial inequalities in regions
with cusps in the weighted Lebesgue space // Jaen Journal on Approximation. — 2015. — 7,
No 2. - P. 231-261.
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RING ()-HOMEOMORPHISMS ON FINSLER MANIFOLDS
Elena Afanas’eva
Institute of Applied Mathematics and Mechanics of NASU, Slovyansk, Ukraine
es.afanasjeva@yandex.ru
By a Finsler manifold (M™, ®), n > 2, we mean a smooth manifold of class C*> with defined
Finsler structure ®(z,¢), where ®(x,&) : TM" — RT is a function satisfying the following
conditions: 1) & € C*(TM" \ {0}); 2) Va >0 P(z,af) = aP(z,£) hold and &(z,£) > 0
for £ # 0; 3) the n x n Hessian matrix g;;(z,&) = %azq:g()gg) is positive defined at every point
of TM" \ {0}, cf. [1]. By the geodesic distance do(x,y) we mean the infimum of lengths of
piecewise-smooth curves joining = and y in (M", ®), n > 2.
Later we consider the Finsler structure of a type ®(z,§) = 2(®(x,8) + <I>( —¢&)) thereby

obtaining a Finsler manifold (M", <AIS) with symmetrized (rever81ble) function ®. Clearly, if ® is
reversible, then the induced distance function dg is reversible, i.e., dz(z,y) = dg(y, ), for all
pairs of points z,y € M™ (see [2]). It is also known that the reversible Finsler metric coincides
with the Riemannian one (see, e.g., [3]).

Let D and D’ be domains on the Finsler manifolds (M", ®) and (M7, &)*), n > 2, respectively,
and let @ : M" — (0,00) be a measurable function. A homeomorphism f : D — D' is ring
Q-homeomorphism at a point xo € D if

M (A(F(C), £(C / Q) - 1" (dg(, 70)) dorg (x) (1)

AND

holds for any geodesic ring A = A(xg,¢,60), 0 < &€ < g9 < 00, any two continua (compact
connected sets) C C B(zo, )N D and Cy C D\ B(xg,e0) and each Borel function 7 : (g,&9) —

[0, 00], such that f77 Ydr > 1. We say that f is a ring Q-homeomorphism in D, if (1) holds for

all points z € D.

We say that the boundary of the domain D is weakly flat at a point xo € 0D, if for any
number P > 0 and any neighborhood U of z there exists a neighborhood V' C U, such that
M(A(E, F; D)) > P for any continua £ and F in D, intersecting U and 9V.

Theorem. Let D and D' have weakly flat boundaries, D and D' be compact. Suppose that
Q : M" — (0, 00) is a function of L*(D) satisfying

Tt o(osl]) <2>

at every point xo € 0D, €y = £(xy) < d(xg) = supdg(z, o). Then any ring QQ-homeomorphism
zeD

f:D — D' can be extended to a homeomorphism f : D — D'.

1. Dymchenko Yu. V. The relation between the capacity of a condenser and the module of a family of
separated surfaces in Finsler spaces, Zap. Nauchn. Sem. S.-Peterburg. Otdel. Mat. Inst. Steklov.
(POMI), Analiticheskaya Teoriya Chisel i Teoriya Funktsii. 28. — 2013. — 418, P 74-89 (in
Russian).

2. Cheng X., Shen Z. Finsler geometry. An approach via Randers spaces. — Heidelberg: Science
Press Beijing, Beijing; Springer, 2012.

3. Bao D., Chern S., Shen Z. An Introduction to Riemann-Finsler Geometry. Graduate Texts in
Mathematics, 200. — New York: Springer-Verlag, 2000.

D(zo,e,0)
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MIXED MODULUS OF CONTINUITY IN THE LEBESGUE SPACES
WITH MUCKENHOUPT WEIGHTS
Ramazan Akgun
Balikesir University, Balikesir, Turkey
rakgun@balikesir. edu.tr

Main properties of the mixed modulus of continuity in the Lebesgue spaces with Muckenhoupt
weights are investigated. We use the mixed modulus of continuity to obtain Potapov type direct
and inverse estimates of angular trigonometric approximation of functions in these spaces. We
prove an equivalence between the mixed modulus of continuity and the K-functional.

1. Akgun R. Mixed modulus of continuity in Lebesgue spaces with Muckenhoupt weights and their
properties // Turk. J. Math. — 2016. — 40, No 6. — P. 1169-1192.

2. Akgun R. Sharp Jackson and converse theorems of trigonometric approximation in weighted
Lebesgue spaces // Proc. A. Razmadze Math. Inst. — 2010. — 152. — P. 1-18.

REALIZATION FUNCTIONAL IN LEBESGUE SPACES WITH
MUCKENHOUPT WEIGHTS
Ramazan Akgun
Balikesir University, Balikesir, Turkey
rakgun@balikesir.edu.tr

A characterization is obtained for the modulus of smoothness in the Lebesgue spaces L, ,,
1 < p < oo, with weights w satisfying the Muckenhoupt’s A, condition. Also, a realization
result and the equivalence between the modulus of smoothness and the Peetre K-functional are
proved in this space for 1 < p < oo, and w € A,.

1. Akgun R. Realization and characterization of modulus of smoothness in weighted Lebesgue
spaces // St. Petersburg Math. J. — 2015. — 26. — P. 741-756.

2. Akgun R. Sharp Jackson and converse theorems of trigonometric approximation in weighted
Lebesgue spaces // Proc. A. Razmadze Math. Inst. — 2010. - 152. - P. 1-18.
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BEHAVIOR OF PARTIAL LOGARITHMIC DERIVATIVES AND
DISTRIBUTION OF ZEROS OF ENTIRE FUNCTIONS
Andriy Bandura' and Oleh Skaskiv?
Tvano-Frankivs'k National Technical University of Oil and Gas, Ivano-Frankivs'k, Ukraine
2 Tvan Franko National University of Lviv, Lviv, Ukraine
Landriykopanytsia@gmail.com, 2 olskask@gmail.com

Let us to denote A as Laplace operator, Zr be a zero set of entire function F. We consider
Aln |F| as generalized function and denote

Gr(F)= {ZEC":|zj—z?\<ljgo) WE{l,Q,...,n}}: U o~ (5},%),

ZOEZF ZOEZF

where [; : C* — R, is a continuous function. Other definitions and notations see in [1] and [2].
Theorem. Let L € Q™. If an entire function F satisfies the following conditions

1) for every R > 0 there exists py = pi1(R) > 0 such that for all z € C*\ Gg(F) and for
every j € {1,...,n}

‘““—F(Z) < pilj(2), 1)

82]-

where In F(2) is the principal value of logarithm.

2) for every R > 0 and R’ > 0 exists pp = po(R,R') > 1 that for all 2° € C" such that
T”(zo,%) \ Gr/(F) = UU,;C; # 0, where the sets C; are connected disjoint sets, and
. ) P S < .
either a) max min |F(2)] < p2 min min |F(2)], or b) max Max |F(2)] < po min max |F(2)],
or ¢) |F(z*)| = max; max,ec, F(z)|, and z*, z2** belong to
the same set C,

F(z)], |F(2*)| = min; min,e¢,

3) for every R > 0 there exists n*(R) > 0 such that for all z € C"
/ Aln|FldVa, < n*(R)
D (20, R/L(2%))

then I has bounded L-index in joint variables.

1. Bandura A.I., Bordulyak M. T., Skaskiv O.B. Sufficient conditions of boundedness of L-index
in joint variables // Mat. Stud. — 2016. — 45, No 1. — P. 12-26.

2. Bandura A., Skaskiv O. Entire functions of several variables of bounded index. — Lviv, Chyslo,
Publisher I. E. Chyzhykov, 2016. — 128 p.
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FABER BASES AND LEBESGUE CONSTANTS FOR LAGRANGE
INTERPOLATION
Viktoriia Bilet!, Oleksiy Dovgoshey', and Jiirgen Prestin?

Mnstitute of Applied Mathematics and Mechanics of NASU, Slovyansk, Ukraine
2Universitit zu Liibeck, Institut fiir Mathematik, Liibeck, Germany
wiktoritabilet@gmail. com; oleksiy. dovgoshey@gmail.com; prestin@math.uni-luebeck.de

Let 901 be an infinite triangular matrix whose nodes are real numbers satisfying the condition
Ty m # Tiyn for all distinet ki, ko € {1,...,n} and every n € N. Let X be an infinite compact
subset of R. We shall write that 9 C X if 9 = {4} and x4, € X for all n € N and k < n.

For f € Cx, M C X and n € N, the Lagrange interpolating polynomial L, (f,9N,-) is
presented as

n+1
Ln(f7 ma ) = Z f(xk,n+1>lk,n+1 (m7 ')7
k=1
where ly, (O, ) == 11 % are the fundamental polynomials
0" n

1<k<n, k#ko

For given X, 9 C X, and n € N, define the Lebesgue constant A, x(9M) as A, x(IM) =
SUp {1 o1 (M, 2) 2 € X},

The mappings £, : Cx — Cx with £,9m(f) = L,(f, 9, -) are bounded linear operators
having the norms || £, ||= Anx(ON).

Recall that a Faber basis in Cx is a sequence p = (py)ren of real algebraic polynomials
satisfying the following conditions: for every f € Cx there is a unique sequence (ay)gen of real
numbers such that f = > "7, aypy; for every k € N, degp, = k — L.

Let p = (pi)ken be a Faber basis in Cx. For every f € Cx we shall denote by S, 5(f) the
partial sum Y, agpy of the series Y > agpy, Le., Sni(f) = D op_j axpr. If n € N is given,
then the partial sum operator S, ;: Cx — Cx is a linear operator.

A Faber basis p = (pi)ren i interpolating if there is a sequence (zy)ren of distinct points
of X such that the equality Sk ;(f)(zx) = f(xx) holds for all f € Cx and k € N.

We study some conditions under which the operators S, ; and £, o are the same for every
n € N.

Theorem 1. Let X be an infinite compact subset of R and let M = {xy,} be an interpolation
matriz with the nodes in X. The following conditions are equivalent.

(i) The space Cx admits a Faber basis p = (px)ren such that the equality S, = £, holds
for every n € N.

(ii) The sequence (A, x(IM))nen is bounded and there is a sequence (xy)ren of distinct points of
X such that for any n > 2 the tuple (x4, ..., Tny) i a permutation of the set {x1,...,x,}.

Theorem 2. Let X be an infinite compact subset of R and let p = (pr)ken be a Faber basis
in Cx. The following conditions are equivalent.

i ere exists an interpolation matric C suc at equality S, = Lnon holds for
i) Th st it lata triz M C X h that lity Snp = Lnom holds f
every n € N.

(ii) The basis p is interpolating.

1. V. Bilet, O. Dovgoshey, and J. Prestin. Boundedness of Lebesgue constants and interpolating
Faber bases, accepted to Naukovi Visti NTUU KPI, 2017, 17 p.
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APPROXIMATION OF BERGMAN KERNELS BY
RATIONAL FUNCTION WITH FIXED POLES
Stanislav Chaichenko
Donbas State Pedagogical University, Slovyansk, Ukraine
s.chaichenko@gmail.com

Let a := {ar}2, be a sequence of points in the unit circle D := {z € C : |z| < 1} of the
complex plane C, among of one can be points of finite and infinite multiplicity. The Takenaka-
Malmquist system of functions, generated by the sequence a, is called the system ¢ := {@r}72,
of the function ¢y of the form [1]:

1 — 2 1 — 2kl —
_ Izl = 4 I R (1)

1—agz 1—a;z 0 a; 1—a;z

QO()(Z) .

where for a; = 0, we put |q;|/a; == —1.
The functions of the form (see., for example, |2, p. 6])

1

Koz w) = 1= zm)re

a=01,..., zweD,

play an essential role in the theory of Bergman spaces. That functions are called the (weighted)
Bergman kernels of .
For a given n (1 <n < o0), by R(n) we denote the set of rational functions of the form

R,(x) =co+ Z Cmpm—1(x), cm € C.
m=1

Theorem. On the set of functions R(n) the minimum of the functional

R, ()

pa(Ry) == /T ‘Ka(x;w) N —— 2da(x)

s realized on the function
Tan(T;w) = (1 — 2W0)S,+1(Ky)(x; w) € R(n),

where Sp11(Ko)(x; w) is partial Fourier sum of the order n+1 of function ICo(x; w) with respect
to thesystem (1), an = ap—1 = ... = ap_o = w € D, and wherein the following equality is true:

B |an_a (w) |2a+2

inf «a Rn = Ha\Tan) = .
pod | HalBn) = talTan) = “7— 5vaars

1. Walsh J.L. Interpolation and Approximation by Rational Functions in the Complex Domain. —
New York: American Mathematical Society Colloquium Publications, 1965. — 20. — 405 p.

2. Hedenmalm H., Korenblum B., Zhu K. Theory of Bergman Spaces. — New York-Berlin—-Heidelberg:
Springer-Verlag, 2000. — 286 p.
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PFLUGER-TYPE THEOREM FOR FUNCTIONS OF REFINED
REGULAR GROWTH
Igor Chyzhykov
Ivan Franko National University of Lviv, Lviv, Ukraine
chyzhykov@yahoo.com

Levin-Pfluger theory describes zero distribution for entire functions of completely regular
growth ([1]), i.e. f such that

In| f(re®)| = h(@)r?") + 0<rp(’”)>, r - o0,

outside an exceptional set, where p(r) is a proximate order, and the indicator h is a p-
trigonometrically convex function.

We consider the subclass of functions of completely regular growth satisfying the equality

7P(T)

log | f(re?®)| = h(0)r*™) + o(—) for re’’ ¢ E C | JD(ax, sx), Y s = o(
k

o(r) $>

lag|<r
where D(ag, sr) = {z: |z — ax| < sg}, d(r) is an unbounded regulary growing functions.

For this class we obtain asymptotics for counting functions of zeros. Despite [2] and [3], we
relax the assumption that the zeros are located on a finite system of rays emanating the origin.

1. Jlesun B. 4. Pactnpeaenenne kopueit nenbix ¢pyukimit. — M.: TUTTJI, 1956. — 632 c.

2. Bumaumnskuit b. B., Xamns P. B. [Ipo acumnroruyuny noBemiuky 1iinx (GyHKITH HEIII0TO TTOPAIKY
// Mar. Crynii. — 2004. — 21, Ne 2. — C. 140-150.

3. Bumnaumnskuit B. B., Xams P. B. IIpo perymapricts 3poctanug 11i101 (DYHKITT HEIIIOTO TOPIIKY 3
HyJIsIMI Ha cKiHueHHi cucremi nmpomenis Mar. Crynii. — 2005. — 24, Ne 1. — C. 31-38.

A BRIEF SURVEY OF POLYNOMIAL APPROXIMATION ON THE
UNIT SPHERE
Feng Dai, Kunyang Wang
University of Alberta, Edmonton, Alberta, Canada
School of Mathematical Sciences, Beijing Normal University, Beijing, China
wangky@ bnu.edu.cn

The talk concerns the following topics:

(1) The equiconvergent operators of Cesdro means, and their interesting applications.

(2) Moduli of smoothness for functions on the unit sphere and the Jackson inequality.

(3) The equivalence between moduli of smoothness and K-functionals.

(4) Several weighted polynomial inequalities on the sphere including Marcinkiewicz-Zygmund
inequality and the inequalities of Remez-type, Nikol’skii-type, Bernstein-type and Schur-type.

(5) Positive cubature formulas on the sphere, and their relation to the Marcinkiewicz-
Zygmund inequality.

(6) Asymptotic orders of the n-widths of Sobolev’s classes on the unit sphere.
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EXTREMAL DECOMPOSITION PROBLEMS
Iryna Denega
Institute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
iradeneqa@Qyandex.ru

The report is devoted to investigation of the problems of geometric function theory of a
complex variable, one of which was formulated in [1] in the list of unsolved problems. Let N, R
be the sets of natural and real numbers, respectively, C be the complex plane, C = C|J{oo}
be its one point compactification. Let 7(B, a) be the inner radius of the domain B C C with
respect to the point a € B [1,2]. Denote oy, := L arg “’;Zl, k=1n, apet = ay.

Problem. Consider the product

n

r7 (Bo,0) [ [ r (Br. ax) ,

k=1

where By, By,..., B, (n > 2) are pairwise disjoint domains in C, ag = 0, |ax| = 1, ¥ = I,n and
0 < v < n. Show that it attains its maximum at a configuration of domains By and points a
possessing rotational n-symmetry. The following statements hold

Theorem 1. [3] Let n € N, n > 12, v € (0, V], v = n®. Then for any different
points ay, of the unit circle lw| = 1 and any collection of mutually non-overlapping domains By,
ar € B, CC, k=1,n, ag =0 € By C C, we have the inequality

Ay VY
(n2) — <1 n > 7 (1)

k] 1+ 4

n

3R

) (Bo.0) [ (Bevan) < <%>n ;

k=1

~—

where the equality is attained if a, and By, k = 0,n, are, respectively, poles and circular domains
of the quadratic differential

2 _ n
Wty
w?(w™ —1)2

Q(w)dw?* =

Theorem 2. [4| Let n e N, n >4, v € (0, vn], 74 = 4,17, 75 = 5,71, 76 = 7,5, 77 = 9,53,
vs = 11,81, and v, = 0,12n2 for n > 9. Then for any different points a; of the unit circle
lw| =1 such that 0 < ay, < 2/\/7, k = 1,n, and any collection of mutually non-overlapping
domains By, ap € B, C C, k = 1,n, ap = 0 € By C C, the inequality (1) holds. Equality is
attained in the same case as in Theorem 1.

1. Dubinin V. Condenser capacities and symmetrization in geometric function theory. — Birkh&user/
Springer, Basel, 2014, 344 P.

2. Bakhtin A., Bakhtina G., Zelinskii Yu.. Topological-algebraic structures and geometric methods
in complex analysis. — Proceedings of the Institute of Mathematics of NAS of Ukraine, 2008. —
308 p. (in Russian).

3. Bakhtin A., Dvorak I., Denega I. A separating transformation in the problems of extremal
decomposition of the complex plane // Dopov. Nac. akad. nauk Ukr. — 2015. — No 12. - P. 7-12
(in Russian).

4. Bakhtin A. K., Vygivska L. V., Denega I. V. Inequalities for the internal radii of non-overlapping
domains // Journal of Mathematical Sciences. — 2017. — 220, No 5. — P. 584-590.
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APPROXIMATION OF FUNCTIONS IN WEIGHTED LIPSCHITZ
CLASS BY THE PRODUCT MEANS
Ugur Deger
Mersin University, Mersin, Turkey
udeger@mersin. edu.tr

In the spaces such as the continuous functions or measurable functions, the determination
of the degree of approximation by the various methods of their Fourier series of functions
belonging to Lipschitz class is one of the important problems in the approximation theory. Aim
of this study is to give the degree of approximation of the functions into this class by the matrix
product means of their Fourier series in the weighted Lipchitz class.

ON FOURIER QUASICRYSTALS
S. Favorov
Karazin’s Kharkiv National University, Kharkiv, Ukraine
sfavorov@gmail.com

Let a measure pp =Y \ea @x0x be a tempered distribution on R? and their Fourier transform
ft = 3 e byd, be slowly increasing measure on R? with countable A, ' such that infycp |ax[>0.
We prove that the discreteness of the set of differences A — A implies that the A is a finite union
of translates of a single full-rank lattice L. Note that here we need not the discreteness of
spectra I' of the measure.

Also, we get a corresponding result for pair of measures p1, po and the difference A; — A,
of their supports.

Next, let u = > .4 a0y be a measure with uniformly discrete support A such that
infyea |ax] > 0, and its the Fourier transform i be a measure with countable support and
variation |i|(B(0,7) = O(r?) as 1 — oo. Then A is a finite union of translates of several
disjoint full-rank lattices (maybe noncommensurable).

The arguments are based on a local analog of Wiener’s Theorem on absolutely convergent
trigonometric series and theory of almost periodic functions.
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SOME PROBLES IN THE THEORY OF P7T-SYMMETRIC
OPERATORS
I. M. Grod, A.I. Grod
Lesya Ukrainka FEastern European National University, Lutsk, Ukraine

bogdan.antonyuk78@gmail.com
The development of PT-symmetric quantum mechanics (PTQM) attracts a lot of interests

during the past decade. The PTQM is based on the idea that the Hermiticity condition, which
is stated as an axiom of quantum mechanics, may be replaced by a certain less mathematical
but more physical condition of symmetry without losing any of the essential physical features
of quantum mechanics. One of typical examples of Hamiltonians of PTQM are non-selfadjoint
differential operators H = —% + V(z) in Ly(R) which possess the property of PT-symmetry:
HPT =PTH, where the space reflection operator P and the complex conjugation operator T
are defined as (Pf)(z) = f(—=z) and (T f)(z) = f(z) in Ly(R).

The concept of PT-symmetry can be easily generalized to the case of an arbitrary Hilbert
space $) by interpreting P as a unitary involution in $) and considering 7 as a conjugation
operator.

The aim of the report is the description of general properties of P7T-symmetric operators
acting in § (spectral properties, possibility of interpretation by self-adjoint operators in Krein
spaces, etc). As an example, we consider in detail an important model case where PT-symmetric
operators are presented by matrices of the second order. In that case, the complete description
of C symmetries for PT-symmetric operators is obtained (the concept of C symmetry is a key
notion of PTQM).

Definition. H is called the PT -symmetric if there are exist such operators P and 7T that

HPTf=PTHf, VfecH.

Statement. The operator C (C # I) in C? satisfies properties C*> = I and CPT = PTC if
and only if there exist such numbers x € Ri¢ € [0,27), that

C = e 7% gy,

where operators o1, 02 and o3 are Pauli matrices and the operator o3¢ is unitary involution:

(01 (0 i (10
01 = 1 0 ) 02 = i 0 , 03 = 0 —1 ’

o Y en_n _ ko
03¢ = [; n!§ 01] o3 = %% 0s3.

Theorem. The PT -symmetric operator H in C? has a property of the C-symmetry if and
only if it can be represented in form

H = 4100 + 726X 1% 0y,
where 1,72, X are arbitrary real numbers, and & is arbitrary real number from [0,27). In this
case the corresponding operator C will have a form C = eX'71%3¢ g,

1. Ginther U., Kuzhel S., PT-symmetry, Cartan decompositions, Lie triple systems and Krein
space related Clifford algebras // Journal of Physics A: Mathematical and Theoretical. — 2010.
- 43, No 39. — P. 392002-392011.

2. Grod A., Kuzhel S.; Sudilovskaya , On operators of transition in Krein spaces // Opuscula
Mathematica. — 2011. — 31, No 1. — P. 49-59.
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A LOWER BOUND FOR AREAS OF IMAGES OF DISCS
Bogdan Klishchuk, Ruslan Salimov
Institute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
kban1988Q@gmail.com, ruslan623Qyandex.ru

Let I' be a family of curves v in thee complex plane C. The Borel function ¢ : C — [0, o0]
is called admissible for I'; abbr. p € adm T, if

/ o(2)ldz] > 1

v
for all v € T.
Let p € (1,00). The p-modulus of T is the quantity
M) =l / o (z)dwdy.

Let D be a domain in the complex plane C and @ : D — [0, o0] be a measurable function.
A homeomorphism f : D — C is called a Q-homeomorphism with respect to p-modulus if

/Q z) dx dy

for every family I' of curves in D and every admissible function ¢ € admT'.
Theorem. Let D and D' be bounded domains in C and f : D — D’ be a Q-homeomorphism
with respect to p-modulus, p > 2, Q € L, (D\{z0}). Then for allr € (0,dy), dy = dist(z9,0D),

2o-1) [ T =
B0 > (p%f) / ]
P o 7 qp_l(?f)
where B(zg,r) = {z € C: |z — 20| <1} and q,,(r) = 5— [ Q(z)|dz| is the mean integral
S(zo T)

value of the function Q) over the circle S(zp,7) ={z € C: \z — 29| =1}
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THE BOJANOV-NAIDENOV PROBLEM FOR THE FUNCTIONS
WITH NON-SYMMETRIC RESTRICTIONS ON THE OLDEST
DERIVATIVE
V.A. Kofanov
Oles Honchar Dnepropetrovsk National University, Dnipro, Ukraine
vladimir.kofanov@gmail.com

For given r € N, p, a, 3, u* > 0, we solve the extremal problem

b
/ x4 (t)dt — sup, ¢ > p,
a

on the set of all functions x € L!_(R) and intervals [a,b] C R satisfying the inequalities
-8 < x(r)(t) <a
for almost everywhere ¢ € R and both of conditions

L(zy), < L(@i:rﬁ)i)m

and such that

p(supppa+) < pt o or g (suppy o) <,

where

L(z), == sup {||xHLp[a’b} L a,beR, |z(t) >0, te (a,b)} ,

SUPD(, 5T+ = {t € [a,b] : 24(t) > 0} and gpf\“f is nonsymmetric (27/\)-periodic spline of Euler
of order r.

In particular, we solve the same problem for intermediate derivatives ng), k=1,...,r—1,
with ¢ > 1.

26



APPROXIMATION OF ANALYTIC FUNCTIONS BY
MANY-DIMENSIONAL CONTINUED FRACTIONS
Khrystyna Kuchminska, Levko Ventyk
Pidstryhach Institute for Applied Problems in Mechanics and Mathematics of
NAS of Ukraine, Lviv, Ukraine
khkuchminska@gmail.com

A large number of analytic functions are known to have continued fraction representations.
Frequently a given function can be represented by several different continued fractions, each
with its own convergence behavior [1].

Expansions of analytic functions of many variables into many-dimensional continued fracti-
ons are based on correspondence of the sequences of the fraction approximants to formal multi-
ple power series. In this connection we use the Viscovatoff-like methods to get some types
of corresponding continued fractions, such as the many-dimensional C-continued fraction or
the many-dimensional associated one [2]. We investigate the behavior of the two-dimensional
regular C-continued fraction

® ;2122 X Wj45,i%1 X Ay i4+5%2
P B gz, ) = 1 ,
0(217 22) + zq D, (Zl, 22>7 (21 22) + jQI 1 + jgl 1
% ;0% g,z
(130(21,22)—0100"'1) 01+DM
1 i=1 1
with approximants
P, n no 212
fn:__(I)O (21732)+D (_;)12 ) n:1727 s
Qn i=1 P (21, 22)
m EQiykiZ1 | M4 kZ2 L (n) no ko2 "o Ao, K22
o™ -1 Zitkifl ) —
i (21, 22) —+ kD 1 2 1 ) (Zl, ZQ) a070 + kD 1 + le 1
Theorem. Let f(z1, 22) be an analytic function at the origin. If f, is the nth appmm'mant of
0
the two-dimensional regular C-fraction approzimated the function f(z1, z2), then: (i) (<Z1’ O))
21,
0,z
is the ([n/2],[n/2] Padé approximant for the function g(z1) = f(z1,0); (it) ((O 2)) is the
y 22

([n/2],[n/2] Padé approximant for the function h(zy) = f(0,22); (iii) if the two dimensional
reqular C-fraction is uniformly convergent in the neighborhood of the origin, then its values
converge to values of the function f(z1,za).
1. Jones W.B., Thron W.J.. Continued Fractions. Analytic Theory and Applications. — London:
Addison—Wesley Publishing Company, 1980. — 428 p.

2. Kh. Yo. Kuchminska. Two-Dimensional continued fractions. — Lviv: Inst. Appl. Problem in Mech.
Math. NAS of Ukraine, 2010. — 218 p. (in Ukrainian).
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NONLOCAL PROBLEM WITH INTEGRAL CONDITION FOR
NONHOMOGENEOUS EQUATION OF SECOND ORDER
Grzegorz Kuduk
Faculty of Mathematics and Natural Sciences, University of Rzeszow,
Graduate of University of Rzeszow, Rzeszow, Poland
gkuduk@onet.eu

Let H(R; x R) be a class of entirie function, K, 5 be a class of quasipolynomials in the
form f(t,x) = ZZQij(t,x)eai”+ﬁjt, where ();;(t,z) are given polynomials, L C C, M C C

i=1 j=1

a; € L, ozk%ozl,fork%l,ﬂjGM,Bk;«éBl,fork#l.
In the strip Q = {(t,z) e R? : t € (0,T),z € R} we consider the problem

[% —a (%)r Ut,z) = f(t,z), (1)

/ Ut 2yt =0, 2)
=0, (3)

0\ 0 0\ 0
R (&) &U(t,[ﬁ) a +Q (%) aU(t,l’) .

where "> 0, (0,7) C R, U(t,z) : Q@ = Kcu, R (%), Q (%) are differential polynomials,
a(L) is the differential expression with entire symbol a(\) # 0.

Solution of the problem (1), (2), (3) according to the differential-symbol method [1, 2| is
represented in the form

Ut,z) = f (%, %) {G(t, v, )\)e)‘“}

A=v=0
where G(t,v, \) is a solution of the equation
d 2
{E — a()\)} G(t,v,\) = e,
satisfies conditions
g d d
G(t,v,\) =0, R\)—=G(t,v,\) + Q) —=G(t,v, \) =0.
0 dt -0 dt T

where Q()\), R(X) are certain functions.

1. Kalenyuk P.I., Nytrebych Z.M., Generalized Scheme of Separation of Variables. Differential-
Symbol Method. Publishing House of Lviv Polytechnic Natyonaly University, 2002. — 292 p. (in
Ukrainian).

2. Kalenyuk P.I., Nytrebych Z. M., Kohut 1. V., Kuduk G., Problem for nonhomogeneous second
order evolution equation with homogeneous integral conditions // Math. Methods and Phys. —
Mech. Polia. — 2015. — 58, No 1. — P. 7-19.
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HOMOGENIZATION OF HYDRODYNAMICS PROBLEMS
Gennadiy V. Sandrakov
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
gsandrako@gmail.com

Homogenization of hydrodynamics problems with applications to turbulent regimes of flows
in fluids will be discussed. The regimes are arisen usually under a small viscosity (or equivalently
under a high Reynolds number) and are associated with rapidly oscillating fluid dynami-
cs. Moreover, in numerical modelling it is known that rapidly oscillation effects arise under
computer simulations of solutions of Navier-Stokes equations with a vanishing viscosity. But
reasons of the effects are not clear, since the effects may be turbulent regimes or the numerical
simulations may be incorrect. Some theoretical results in the direction are presented here. The
results are based on homogenization theory and are full for nonstationary linearized equations
of hydrodynamics with periodic rapidly oscillating data and a vanishing viscosity. Some of the
results hold for Navier—Stokes and Stokes equations.

Thus, initial boundary value problems for nonstationary linearized equations of hydrodyna-
mics and Navier-Stokes equations with the vanishing viscosity and periodic data rapidly osci-
llating with respect to the spatial variables, when the oscillations are zero in mean, will be consi-
dered. The problems are stated in bounded domains that are three-dimensional, for example.
The period of data oscillations is specified by a positive small parameter ¢ and a viscosity
coefficient v in equations of the problems can be also considered as a positive parameter. We
present estimates of solutions of the problems, which are dependent on relations of certain
powers of the parameters ¢ and v. In general case, the presented estimates for velocity fi-
elds are actual whenever the viscosity coefficient v is not too small in comparison with £2.
If the condition is fulfilled, then the relevant solutions are small asymptotically in an energy
norm and it characterizes a "smoothing" property for these solutions. In the case, when the
viscosity coefficient has order €2, the suitable estimates are derived under assumption that a
nonlinearity in equations of the problems is "small" sufficiently. If the condition is fulfilled,
then an asymptotics for velocity fields can contain rapidly oscillating terms.

Thus, homogenized (limit) equations whose solutions determine approximations (leading
terms of the asymptotics) of the solutions of the equations under consideration and estimate
the accuracy of the approximations will be obtained. These approximations and estimates shed
light on the following interesting property of the solutions of the equations. When the viscosity is
not too small, the approximations contain no rapidly oscillating terms, and the equations under
consideration asymptotically smooth the rapid oscillations of the data; thus, the equations are
asymptotically parabolic. If the viscosity is very small, the approximations can contain rapidly
oscillating terms with zero means, and the equations are asymptotically hyperbolic.

The homogenization of some cases of nonstationary linearized equations of hydrodynamics
and Navier-Stokes equations with periodic rapidly oscillating "forces" were considered in [1],[2].
In particular, the results are applicable to some Kolmogorov flows.

1. Sandrakov G. V. The influence of viscosity on oscillations in some linearized problems of hydrodynami-
cs // lzvestiya: Math. — 2007. — 71, No 1. — P. 97-148.

2. Sandrakov G. V. On some properties of solutions of Navier-Stokes equations with oscillating
data // J. Math. Sciences. — 2007 V. 143. P. 3377-3385.
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TO THE INTERPRETATION OF THE DYAKONOV-SHUR
INSTABILITY MECHANISM IN A BALLISTIC FIELD EFFECT
TRANSISTOR
V. Savchuk!, I. Anisimov!, O. Sydoruk?, S. Siaber?

'Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2 Imperial College London, London, United Kingdom
v.savadrian@gmail.com

Developing effective methods of generation of terahertz radiation is one of the most pressing
problems of applied physics [1]. The idea proposed by M.Dyakonov and M.Shur [2] is to use an instabi-
lity of plasma waves propagating in the two-dimensional channel of a ballistic field effect transistor
(FET). This instability is the result of the amplification of plasma waves due to reflections from the
channel boundaries. However, the physical picture of the instability remains unclear. The goal of our
work is to shed some light on the nature of this instability.

As shown in Ref. [2], the motion of a two-dimensional electron gas in the channel of a ballistic
FET can be described by the equation of motion and the continuity equation (taking into account that
n = CU/e, where C is the gate insulator capacitance per unit area):

Jv v edU 90U  OUv)
5% " Vor T mos ot o U (1)

Here v(x,t) is the electron flow velocity, U = Uge(x,t) — Uy, Uy is the gate-to-channel voltage, Uy is
the threshold voltage. Note that the channel length is much smaller than the mean free path of electrons
due to their scattering on phonons and on crystal defects (but much longer than the mean free path
due to electron-electron collisions). But electron-electron collisions move only to the electrons velocities
exchange and doesn’t perturb the motion of the beam itself. This allows us to write the equation of
motion in the same form as used for electron beams in vacuum. As a result, we can study the waves
in the channel of a ballistic FET as an analogue of the space charge waves (SChW).

The electron velocity and voltage can be presented as a sum of a large constant part and a small
space- and time-varying part: v = vg+ 0, U = Uy + f], where U < vy, U < Uy. With this assumption,
we can linearize equations (1) leading to the following wave equation:

9
(oo + o= 207 (2
where s = \/eUp/m is a constant that has the dimension of velocity. Substituting a solution in the
form © = vexp(iv), ¢ = wt — kx to (2) gives the dispersion law of SChW in the form:

w

k= (3)

vo£ s’

Obviously, the upper sign corresponds to the fast SChW and the lower sign - to the slow SChW. The
parameter s can be interpreted as the wave velocity in the beam frame of reference.

Figure 1 presents the dispersion curves for SChW in the channel of a ballistic FET for vy < s (a)
and vg > s (b). Apparently this dispersion relation differs from usual SChW in the electron stream
[3]. Now, the phase and group velocities of SChW coincide and differ from the velocity of electron
stream vg. For vg < s these velocities have opposite directions. The instantaneous energy density of
the electron flow with the excited SChW can be presented in the form:

W, t) = %n(z,t)va(x,t) _ ’;LCU(QC, 02 (x, 1) (4)

e

The instantaneous values of the velocity and voltage are 0 = vy, cos ¢ and U = U, cos © , respectively
(according to the method of complex amplitudes, the real part of the respective values is taken).
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Vo=s

a b

Puc. 1: Dispersion characteristics of space charge waves in the channel: a - vy < s, b - vy > s

Substituting these values into Eq. (4) and averaging over the time, one can obtain an expression for
AW - energy density for the fast and slow SChW in the form

m2C's

42

AWLQ = o

(s+ QU())Uf,LL2 (5)
Thus, for the fast SChW AW; > 0, while for the slow SChW AW, < 0 for vy > s/2 . It means that
this wave has negative energy.

Now, for the better description of behavior of SChW in the channel of a ballistic FET, let us
consider the SChW propagation taking into account the electron scattering on phonons and on crystal
defects. In the right part of the equation (1) we add the term —ov, v where is the number of collisions
per second, and © is the small space- and time-varying part of electron velocity.

After linearization of equations (1) and substituting solution in the form of harmonic wave to (1),
we can obtain the revised dispersion law of SChW:

ki = K)o +iki 5 = (2w —iv)/2(vo F ), (6)

Note that the upper sign corresponds to the slow SChW and the lower sign - to the fast SChW.
Substituting expression (6) to a possible solution (f(z,t) = exp(iwt — ikx)) of equations (1), we
can see that the fast SChW will be subside by the law exzp(—k”x). And the slow SChW will be grow by
the law exp(k”z) along the direction of z, when vy < s and v, > 0 or along the propagation direction
of vg, when vg > s and vy < 0. In these both cases we have instability for slow SChW.
So, propagation of the slow SChW in the channel of a ballistic FET can explain the mechanism of
Dyakonov-Shur instability.

1. Siaber S., Anisimov I., Sydoruk O. Amplification of terahertz plasmons by transverse dc¢ current
// Presented at IET Colloquium on Millimetre-wave and Terahertz Engineering & Technology
2016, London, March 2016.

2. Dyakonov M., Shur M. Shallow water analogy for a ballistic field effect transistor: new mechanism
of plasma wave generation by dc current // Phys. Rev. Lett. — 1993. — 71, No 15. — P. 2465-2468.

3. Anisimov L. O., Kotlyarov I. Y., Levitsky 5. M., Opanasenko O. V., Palets D.B., Romanyuk L. 1.
Study of the plasma barrier transillumination for electromagnetic waves using electron beams.
2. Evolution of the space charge waves in a barrier. // Ukr. Phys. Journ. — 1996. — 41, No 3. —
P. 164-170 (in Ukrainian).
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BEST APPROXIMATION OF THE CAUCHY -SZEGO KERNEL IN
THE MEAN ON THE UNIT CIRCLE
Viktor V. Savchuk
Institute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
savchuk@imath.kiev.ua

Let a := {ax}2, be a sequence of points in the unit disk D := {z € C : |z|] < 1} among
which there may be points of finite or ever infinite multiplicity. A system ¢ = {¢;}32, of
functions ¢; of the form

V= JaoP VIZIaP

t) = (t) = (t), 7=1,2,...
900<> 1—(1,_0t 9 QOJ() 1—@t ]( )7] )~ 9
where .
-
—lap| t—ar |agl
B;(t) := . = —1f =0

is called a Takenaka—Malmquist system.
By T'M we denote the set of all Takeneka—Malmquist systems.
It is known that for arbitrary ¢ € TM and n € N,

5 L pan = 250 GoeP T, m

where T :={t € C: |t| = 1}.
It follows from (1) that

min /
Ajn(2)
n—1

=Y L)

2

do(t) =

n—1

= S )

2

do(t) - B

— [z

zeD,

).

where o is the normalized Lebesgue measure on the circle T.
We compute the values

1
En ; = - )\n
(25 5¢) = [ |25 - St

which is called the best approximations in the mean on the unit circle T for the Cauchy-Szego
kernel 1/(1 — zt) by quasipolynomials with respect to the Takenaka-Malmquist system .
Theorem. Let p € TM and let z € D. Then, for every n € N,

By, (1_1—, >‘P) :|Bn(2)|1_1|;B|Z|2 |2/ ‘1_Zf_ |2 (t)‘da(t)-

The minimum in (2) is attained for the coefficients
2
>,j:QL”wn—L

N () = — B0 : (1_21—%@

1 —|2B.(2)]? z—aj

/—\
\_/

(2)
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ESTIMATES FOR THE MEANS OF THE TAYLOR SERIES FOR
CERTAIN CLASSES OF HOLOMORPHIC FUNCTIONS
Viktor V. Savchuk!, Maryna V. Savchuk?
nstitute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
?Ukrainian State Employment Service Training Institute (USESTT), Kyiv, Ukraine

savchuk@imath.kiev.ua, savchuk m@ukr.net
Let B! be the class of functions f holomorphic in the unit disk D := {z € C : |z| < 1} such

that sup,.p |f/(2)] <1, f; := £9(0)/(j!) and let

,_n

n—

)= Y5 D)) = 1) = 5 S ralPE), nel,

J

Il
=)

be the n-th remainder of Taylor series and Fejer means of f respectively.
It follows from results of E. Landau (1913), H. Bohr (1917), G.N. Watson (1930), S.B.
Stechkin (1953), L. Brutman (1982) and V.V. Savchuk (2011) that for any functions f € B!,
1 2.0663 =
Ira(f)(2)] < 20 and lim sup n|f(z) —o,(f)(2)| <1 VzeD, neN,

™n n— 00

and there exist functions fi, fo € B! such that

n 1 1 . _
lim sup Al ()] = — and lim sup n|f2(2) — o,(f2)(2)| = |2] ¥V 2z € D.
n—00 Inn T n—00
On the other hand, it is not difficult to show that for arbitrary function f € B!,
lim infM =0 < lim inf n|f(2) —0.(f)(2)] Vze€D.
n—oo nn n—oo

More precisely we have
Theorem. For arbitrary function f € B, one has

—Z] ri () <4lz*> Vz2eD, neN,

and
—Zj 1f(z) —a;(f)2))><|2)*> VzeD, neN. (1)
The inequality (1) is best possible and is attained when f(2) =€z, 0 € R.
It follows from Theorem that for arbitrary f € B!,
lim inf n|r,(f)(z)| <2 VzeD.
n—oo

On the other hand, Temlyakov showed (1979) that

sup {lim infnk,(f): f € Bl} =1,

n—oo

where F,(f) is the best approximation of f by algebraic polynomials of degree < n in the norm

||| = max, 5[ - (2)].
So, we have

1= sup { im nllf = oa(f)] : £ € B'} < sup {lim infrllra(/)]: f € B'} <2.
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APPROXIMATIONS OF GENERALIZED POISSON INTEGRALS BY
FOURIER SUMS
LA.S. Serdyuk, ?T. A. Stepaniuk
nstitute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
2Graz University of Technology, Graz, Austria
Lsanatolii@ukr.net, *tania_ stepaniuk@ukr.net
Denote by ng’;, a>0,r>0 geR, 1< p< oo, the set of all 2r—periodic functions,
representable for all x € R as convolutions of the form (see, e.g., [1])

T
Qo 1

f@) =54+ [ Panslo = 0p(0)dt, a0 € R, [l <14 L1,

—T

with generalized Poisson kernels of the form
Pa”g(t):ie_a cos(k:t—ﬁ—ﬂ) a>0, r>0, R
IL] p 2 Y ) Y

Functions f of such form are called generalized Poisson integrals of the functions .
We consider the approximative characteristics of the form

gﬂ( g,g)s = Sup ||f() - Sn—l(fv ')Hsa r> 07 a > 07 ﬁ € Ra 1< b,s < 0,
ecs;
where S,,_1(f;-) are the partial Fourier sums of order n — 1 for a function f.

We solve the problem about finding asymptotically unimprovable estimates of quantities
En(C5 )0, 1 < p <00, and E,(C57)s, 1 < s < oo, forr € (0,1).

For arbitrary fixed @ > 0, » € (0,1) and 1 < p < oo we denote by ng = ng(a,r,p) the
smallest integer n such that

14> p=1,
11, anp) _ gl 1<p<oo,
arn’ nl-r 1 p

(3ﬂ.)37 b = o0,

where x(p) = p for 1 < p < oo and x(p) = 1 for p = 0.
With the notations introduced above, the following statements take place.
Theorem 1. Let 0 < r < 1,1 < p < oo, a > 0 and f € R. Then for n > no(a,7,p),

% + ]% =1, the following estimate is true
' 13-y 3 o v
r l—r ’ 1 — p v
gn<Cg,;)oo: efannlp (HCLleFp’<_7—p7—71)+’y( )<<1+( T) > <p)1 r))7
T (ar) 22 2 -1 /% (ar) o n

where F'(a,b;c; z) is the Gaussian hypergeometric function and the quantity fy,(w)7 = fy,(w)g(a,r, B)

is such that |5 < (147)2.
Theorem 2. Let 0 <r < 1,1 < s < oo, a >0 and B € R. Then for n > ng(a,r,s"),

% + i =1, the following estimate 1s true

s—1 1
o 1=r [ || cost|s 1 3-s53 () (s)s 1
e L PR E L W (o 4).
(Coa)s=e""m (WH;(@T); 27 2 2 ns +s—1 ¥+(Oﬂ,)1+§nr

where the quantity {2 = 7,(35(@ r,3) is such that |7 )| < (14m)2.

1. Stepanets A.I. Methods of approximation theory. — Leiden—Boston: VSP, 2005. — 919 p.
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ON BOUNDARY BEHAVIOR OF ORLICZ-SOBOLEV CLASSES IN
TERMS OF PRIME ENDS
Evgeny Sevost’yanov
Zhytomyr Ivan Franko State University, Zhytomyr, Ukraine
esevostyanov2009@mail.ru
In accordance with a definition, a chain of cross-cuts {o,,} determines a chain of domains
d,, C D such that 0d,,N"D C 0,, and dy D dy D ... D d,, O .... Two chains of cross-cuts
{om} and {o]} are said to be equivalent if for every m = 1,2,... the domain d,, contains
all domains d;, except finitely many of them, and for every & = 1,2,... the domain d;, also
contains all domains d,, except finitely many. An end of a domain D is an equivalence class
of chains of cross-cuts of D. We say that an end K is a prime end if K contains a chain of
cross-cuts {o,,}, such that n}gﬂ;o M((T(C,0pm, D)) = 0 for some continuum C' in D, where M

is the modulus of the family I'(C, o,,,, D). We say that the boundary of a domain D in R" is
locally quasiconformal if every point xy € dD has a neighborhood U that admit a conformal
mapping ¢ onto the unit ball B” C R” such that ¢(0D NU) is the intersection of B” and a
coordinate hyperplane. We say that a bounded domain D in R" is reqular if D can be mapped
quasiconformally onto a domain with a locally quasiconformal boundary. If Dp is the completion
of a regular domain D by its prime ends and gy is a quasiconformal mapping of a domain
Dy with locally quasiconformal boundary onto D, then this mapping naturally determines
the metric po(p1,p2) = ‘go (p1) — Go '(p2)|, where gy is the extension of gy onto Dg. Let
¢ : [0,00) = [0,00) be a nondecreasing function, z = (z1,...,x,), f(x) = (fi(z),..., fu(x)),

y , Ox; loc
i=1j5=1

n o n 2
V(@)= [>> <%> . Now we write f € W,o9(D), if f; € W! foreach i =1,...,n, and

V£(z)|) dm(z) < oo for every domain G C D with a compact closure G C D. Let D be
S
G

a domain in R", n > 2, and f: D — R” be a continuous mapping. A mapping f : D — R" is
said to be discrete if the preimage f ~! (y) of every point y € R" consists of isolated points, and
open if the image of every open set U C D is open in R". A mapping f is closed if the image

of every closed set U C D is closed in f(D). Set [ (f'(z)) := ‘rrTm |f'(x)h|, J(z, f) = det f'(x),
Kro(w, ) = g7e8e i J(, f) # 0, Kpa(w, f) = 1if f'(z) = 0 and K (2, f) = o0 at the rest
points. The followmg results hold.

Theorem 1. Let n > 2, a > 1, let D be a reqular domain in R"™, and let D’ be a bounded
domain with locally quasiconformal boundary, which is strongly accessible with respect to -
modulus. Assume that f : D — D' is open, discrete and closed, D' = f(D) and WL?(D). Then

f has a continuous extension f : Dp — D'p such that f(Dp) = D'p, whenever ¢ satisfies
1

the condition [ (W) dt < oo and, besides that there exists Lebesque measurable function
1

Q:R"—[0,00], Qx) =0 forx ¢ D, 0 < Q(x) < oo for x € D, such that Kr.(x, f) < Q(z)
for a.a. x € D and

€0 €0
[ SN 0
Lo temigy (1) o tetaw (1)
where ¢, (r) = m [ Qzx)dH" .
|z—ao|=r

Theorem 2. The statement of the Theorem 1 is true, if instead of the conditions (1) we
require that Q € FMO(xq) for every xg € 0D.
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THE BEST M-TERM TRIGONOMETRIC APPROXIMATIONS OF
MULTIVARIATE CLASSES OF FUNCTIONS WITH BOUNDED
GENERALIZED DERIVATIVE
K. V. Shvai
Institute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
kate.shvai@gmail.com,

Let us consider the space L, (7;), 1 < ¢ < oo, of 2m-periodic by each variable functions f,
with the finite norm

1

1l oy = 1 Flla = ((2W)d/ !f(ﬂﬂ)lqd%) L 1<g<,

d
where x = (11,...,75) € RY, d > 1, and g = [] [~7, 7).
j=1
Investigated here is a behavior for the best M-term trigonometric approximations of classes

Lg’l, = (Y1,...,%q), B=(P1,---,La), of periodic multivariate functions (see, e.g., [1]). In the
case d = 1, the classes LgJ were proposed by A.I. Stepanets |2, p. 132].

Definition. The best M-term trigonometric approzimation of a functional class I C Ly,
1 < g < o0, is the quantity

ey (F), = sup inf
feF k¢

Y

M

i(k

— ZC]C (
Jj=1

q

where {kj} _, is a system of vectors kI = (k{, e kfz) with integer coordinates, and cj, j =1, M,
are arbztmry complex numbers.
Denote by D a set of sequences ¢ satisfying the following conditions:

1. ¢ are positive and nonincreasing;
2. 3K > 0 such that VI € N ¢(1)/¢(2]) < K.

Theorem. Let2 < q<oo,; €D, B; €R, j=1,d, and, besides, there exists ¢ > 0 such
that v; (1) I'*¢ are nonincreasing. Then for all M and n that satisfy conditions M < 2"n4~1
we have the estimate

@(n)M% <L ey (LgJ) < \I/(n)]\/[%,

where ®(n) = (Hll)ln H P; (2%), ¥(n)= (HE%X H P (2%), (s,1) =81+ s2+...54

1. Romanyuk A.S. Approximation of classes of periodic functions of several variables // Ukr. Mat.
Zh. —1992. — 44, No 5. — P. 662—672 (in Russian).
2. Stepanets A.I. Methods of approximation theory. — Leiden—Boston: VSP, 2005. — 919 p.
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DIRECT AND INVERSE APPROXIMATION THEOREMS OF
2m-PERIODIC FUNCTIONS BY TAYLOR-ABEL-POISSON MEANS
Andrii Shydlich
Institute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
shidlich@gmail.com

Let L, = L,(T), 1 < p < oo, be the space of all functions f, given on the torus T = [0, 27]
with the usual norm || f||,. For f € Ly, p € [0,1) and r € N, we set

Ao (D) =Y Aggr(0) Fre™,

keZ

where fk are Fourier coefficients of f, \y,(0) =1, when 0 <k <r —1 and

r—1
k . ,
Mer(0) = Z (]) (1— Q)]Qk_J, when k=r,r+1,...
=0

If for f € Ly and n € N, there exists the function g € L; such that g = 0, when |k| < n and
gx = fx|E|'/(|k] —n)!, when |k| > n, k € Z, then we say that for the function f, there exists
the radial derivative g of order n, for which we use the notation f. Let also

Ko (8, f)p == nf{||f — hll, + "R, : M € L}, 6 >0,

denote K-functional of f € L,, generated by the nth radial derivative.

Theorem. Assume that f € L,, 1 <p < oo, n,r € N, n < r and w(t) is an increasing
continuous on [0, 1] function such that w(0) =0 and f05 @dt + 0" 51 ::L(f)l dt = O(w(d)), 6 > 0.
Then

1f = Agr()ll, =0 ((1 —0)" "w(l — 9)) ;o 0— 11—
iff there exists the derivative fU'=" ¢ L, and
K, (5, fr="), = O(w(9)), 6 —0+.

This is a joint work with Jirgen Prestin (Institute of Mathematics, University of Liibeck, Germany) and
Viktor Savchuk (Institute of Mathematics of NAS of Ukraine). It was partially supported by the FP7-People-
2011-IRSES project number 295164 (EUMLS: EUUkrainian Mathematicians for Life Sciences).
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ON THE "INTERFERENCE" OF CONTOUR AND WEIGHT
FUNCTION FOR ORTHOGONAL POLYNOMIALS ALONG A
CONTOUR,

D. Simsek!®, M. Imaskizi', B. Ogul', F. G. Abdullayev'?
'Kyrgyz-Turkish Manas University, Kyrgyzstan,
2Mersin University, Turkey,
3Selcuk University, Turkey
fahreddin. abdullayev@manas.edu.kg; dagistan.simsek@manas.edu.kq

Let L C C be a closed rectifiable Jordan curve and let i(z) be a non-negative, summable on
L and non-zero except possible on a set of measure zero function. The systems of polynomials
{Kn(2)}, Ku(2)=a,2"+ ..., deg K, =n, n=0,1,2,..., satisfying the given condition

[reR R = { §

L

are called orthonormal polynomials for the pair (L, h). These polynomials are determined uni-
quely if the coefficient a,, > 0.

In this paper, we continue the investigation begun in [1|-[4] (also references therein), order
of growth of the modulus of orthogonal polynomials in the weighted space, where the contour
and the weight functions have some singularities on the finite points on the contour.

We obtain estimations for modulus of these polynomials, when the "algebraic zero" and
"algebraic pole" conditions are fulfilled.

1. Abdullayev F. G. On the some properties on orthogonal polynomials over the regions of complex
plane. I // Ukr. Math. J. — 2000. — 52, No 12. — P. 1807-1817.

2. Abdullayev F. G. On the some properties on orthogonal polynomials over the regions of complex
plane. II // Ukr. Math. J. — 2001. - 53, No 1. — P. 1-14.

3. Abdullayev F. G. On the interference of the weight boundary contour for orthogonal polynomials
over the region // J. of Comp. Anal. and Appl. — 2004. — 6, No 1. — P. 31-42.

4. Abdullayev F.G., Abdullayev G.A. On the Sharp Inequalities for Orthonormal Polynomials
Along a Contour // Complex Analysis and Operator Theory. —2017. - No 1, DOT: 10.1007/s11785-
017-0640-1.
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ABOUT THE BEST POLYNOMIAL APPROXIMATION IN L2
S. B. Vakarchuk
Alfred Nobel University, Dnipro
sbvakarchuk@Qukr.net

The given scientific message is by continuation of researches of the author [1]-[3]. The
module of a continuity

B(f, 1), = sup{l|(4/7%) S o+ (2 + D)/ (20 + 1) = f(a)]l,: 0 < h <t} (¢

vEeZ

WV

0)

was considered by K. V. Runovskiy and H.-J. Schmeisser in the space of 27-periodic functions of
L,(1 < p < 00). Let’s use the given characteristic of smoothness for the decision of the number
of extreme tasks of the approximation theory of functions in the space L,. Proceeding from the
offered A.I. Stepanets classification of 27-periodic functions, by symbol ng we shall designate

a class of functions f in Ly, for each of which their (v, 5)-derivatives f;f belong Ls. Let 9T be
the class of continuous functions on the set [1,00), which are positive, convex downwards and
aspire to 0 at  — oo. The sequences {1(j)};en, which participate in the definition of (v, 8)-
derivatives, are the narrowing of functions v from 9t on the set N; thus LB,2 C Ly. Let B, 1(f)
be the best approximation of function f € Ly by subset of trigonometrical polynomials, which
order does not exceed n — 1.

Theorem. Let function ¥ € M is differentiable on the set (1,00); 7 € (0,7/n]; n € N; ¢
is non-negative differentiable function almost everywhere on (0,7), which is not equivalent to
zero and such that sup{a(¢,z) : 1 <z < oo} < 2, where a(¢,x) = Y(z)/(x|Y' (x)|). If at some
p, which satisfies to the condition sup{a(v,z) : 1 <z < oo} < p < 2, for almost allt € (0,7)
and anyone x € (1,00) the inequality (p/a(y,x) — 1)E(t) — t&'(t) > 0 is fair, the equality takes
place

" nEn 1(f) _ ™
su 1/p T 1/p’
;;Lw (n){ [y @P(fy )Et)dt} 2{ [, tr&(t)dt}

Let, for example, 1, (z) = 27", where r € R, \{0} and 1 < x < 0o, f € R. Then fﬁ = fﬁ
the Weyl — Nady derivative and a(@br7 x)=1/rforz e [l, oo) Let &(t ) = t", where 0 < m < oc.
If (1+m)/2<r<ooand (1+m)/r<p<2, weobtain from the theorem

E) s m D

feLW {Jran(f, e tmdt}l/p oriHm+)/p
ficonst

where 0 < 7 < 7/n.

1. Vakarchuk S.B. Jackson-type inequalities with generalized modulus of continuity and exact
values of the n-widths of the classes of (¢, §)-differential functions in Lo. I. // Ukr. Mat. Zh. —
2016. — 68, No 6. — P. 723-745.

2. Vakarchuk S.B. Jackson-type inequalities with generalized modulus of continuity and exact
values of the n-widths of the classes of (¢, 8)-differential functions in L. II.// Ukr. Mat. Zh. —
2016. — 68, No 8. — P. 1021-1036.

3. Vakarchuk S.B. Jackson-type inequalities with generalized modulus of continuity and exact
values of the n-widths of the classes of (v, §)-differential functions in L. III.// Ukr. Mat. Zh. —
2016. — 68, No 10. — P. 1299-1319.
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SOME PROPERTIES OF GENERALIZED CONVEX SETS
Yurii Zelinskii, Bogdan Klishchuk
Institute of Mathematics of NAS of Ukraine, Kyiv, Ukraine
yuzelinski@gmail.com, kban1988@gmail.com

Definition 1. We say that the set £ C R" is m-convex with respect to the point z € R™\ E,
if exists a m-dimensional plane L, such that z € L and LN E = @.
Definition 2. The open set G C R" is called weakly m-convex if it is m-convex with respect
to each point x € 0G that belongs to the boundary of the set G. Any set £ C R" is weakly
m-~convex if it can be approximated from outside by the family of open weakly m-convex sets.
Proposition. If E is a weakly k-convex set and Es is a weakly m-conver set, k < m, then
the set E = Ey N Ey will be weakly k-convex.
Let G(n,m) be Grassmann manifold of m-dimensional planes in [4]. The conjugate set E*
to the set E' is called a subset of a set of m-dimensional planes in G(n, m) that don’t intersect
the set F.
Theorem. If K is a weakly m-conver compact set and the set K* is connected then for the
section of K by every (n — m)-dimensional plane L the set L\K N L will be connected.
1. Zelinskii Yu. B. Convexity. Selected topics // Proc. of Institute of Mathematics NASU. — Kiev,
2012. — 92. — 280 p. (in Russian).

2. Zelinskii Yu.B., Momot I. V. About (n, m)-convex sets // Ukr. Mat. Zh. — 2001. - 53, No 3. -
P. 422-427 (in Russian).

3. Zelinskii Yu.B., Gretsky A.S., Momot I. V. Some results on generalized convex sets, Classical
analysis // Proceedings of 10-th intern. sympos. Poland, 1999. — Warsaw, 2001. — P. 113-124.

4. Rohlin V. A., Fuks D. B. Basic Topology course. — Moscow: Nauka, 1977. — 488 p. (in Russian).
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ﬂEHKI KJIACY I'OJIOMOP®HUX B KPVY3I (DB/HKLHI;I
B.II. ArToHIOK
CxinnroeBporneiicbkuii HamionabHuil yHiBepcuTeT imeni Jleci Yipainku, m. JIymnbk
bogdan.antonyuk78@gmail.com
Posrustnemo Muoxkuny . Gyukiiit, roromopdunx B kpysi D := {z € C: |z| < 1} [1]. Hexaii
ARy — R, 3pocrarwoua k pasis audepentiiioBana (k € N) byHKIiS AiHCHOTO apryMeHTy, Mo

sagoBosbasie ymosy: A9 (t) # 0 npu t > 0, i = 1, k. O3naunmo xiac rosomMopduux yHKIit
LF nacrynnum amHOM:

fk:{fejf:\fffzzsup%<oo}.

zep |[AE) (1 — |2]

s memepepsroi 3pocrarodol dyrknil A : Ry — Ry rakoi, mo A\(0) = 0 BBegemMo HACTYIHI
KJIACH TOJIOMOPMDHUX DYHKITIH:

Lip,(D) = {f €A |flLipym) = Sup |f(21) — f(20)] < oo},

21,22€D )‘(|Zl - ZQD
1—|z))"

Y BUIAQJIKY, SKIITO
lim inf |)\(k)(t)‘ >0

t—0+
Ta, BiIIIOBLIHO,
L A(t
lim inf Q > 0,
t—0+ ¢k

TO K1ach £y 1 HY € ne TpuBiaIbHUMH, TOOTO CKIATAIOTHCA He JIUIIE 3 aarebpaiaHuX MHOTOUIe-
HIB crenend HuzK4Ye k. BiamiTumo, 1mo o3HadeHi Kjaacu roJgoMopdHux (QyHKIHH poO3riisa/mcs
B poborti [2].

AHaJIoriYHO 03HAYMMO HACTYIHI KJIacu ToJoMOpdHUX (DyHKITII:

i) A1),

% = {f e H: |floy = swp

21,22€D /\(|Zl N ZQD
- RGN e
M= {f e |fl = WA=z

Posrisimarorbest yMOBH, siKi HEOOXITHO HAKJIACTH HA A, 10O OTpUMaTH BKJIAIeHHS ab0 PiB-
HICTbh /715 IBOX TPYT KJIACiB:

1) £, Lipy(D), %}

1. Tomysun I'. M. Teomerpuueckast Teopust byHKIMIT KOMILIEKCHOTO TTepeMeHHoro (2-e u3.). — Mo-
ckBa: Hayxka, 1966. — 628 c.

2. Iligay6uuit O. M., Casuyk B.B. Maxopautu B Teopemi Tumny lapmi-JIiTmiaByga s moxigHux
BUIIMX TIOPAKIB aHasmiTnanux ¢yukiiii // 36ipauk npaie [e-ty maremarnkn HAH Vkpaian. —

2013. — 10, Ne 1. — C. 184-198.
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[TPO MOIAYJII HEITEPEPBHOCTI JIPOBOBOT'O
[TOPAIKY, ITOPOZKEHI ITIIBI'PYIIOKO OITEPATOPIB

C.I1. Bezkpuiaa!, O. H. Hecrepenko?, A.B. YaiikoBcbKuii’
"Hamionabnuit negaroriunnii yaisepcuter imeni M. I1. Iparomanosa, M. Kuis
?Kuiscokuit namionanpamit yaisepenter im. T.I. Ilesuenka, m. Kuis
sveti1988@gmail.com, NesterenkoON@ukr.net

Hexait X — piniiinwii npocrip, {7}, : h > 0} — onHomapamerpudHa cim‘st JiHITHAX OonepaTopiB
T, : X = X, h > 0, axa yrBoptoe mBrpymy, To6To Ty = I — oguanunnit oneparop i Th, yp, =
Th,Th, nua nosinbHUX hy > 01 he > 0. Hexait TakoxkK icHye JiiHifiHa MHOXKMHA Y C X, Ha AKii
BBesieHo HopMy |||, npudomy mas Beix f € X i h > 0 cupasegnuse Brmouenns (1, —I) f €Y
i||Thf — f|l = 0, h = 0. [Ipunycrumo TakoxK, 1o s KOxKHOro h > 0 3By2KEeHHsI oneparopa

T}, ma mpocTip Y, ke MU o3HaYUMO 1}, € HellepEepBHUM OIIepPaATOPOM 1 fioro HOpMa, HThH <1

dxkmo X = Y — GamaxiB mpoctTip, To 3a HaBejeHuX mnpunyiierb misrpyna {Tj : h > 0}
HA3UBAETHCs CTUCKYI040I0 HiBrpynow kiaacy (Cp). [pu npomy mist uucsia o > 0 dyukiis

we (f,1) := sup (I =Tu)"f||,t =0, (1)
helo,t]

ne (I —Ty)"f:=>.C7 (—1)T}Zf iCY:=1,07 = a(o‘_l)"']i!'(o‘_jﬂ),j > 1, HA3UBAETHCS MOJLYJIEM
j=0

HernepepBHOCTI eslemenTa f € Y nopsaaky « > 0, mopomzkenum misrpynow {7}, : h > 0}.
Ba upwuiyiiens epiuioro adsaiy, skio f € X, 1o ejnemenr g := (I —Ty) f € Y; upu upomy
g« > 1 mae micue pisnicrs (I —T),)% = (I — Th)a_1 (I —Ty)g. Ockimbru||Ty|| < 11 pag

oo

> €Y sb6iraeThes abeomorno npu o > 0, ro npu o > 11 f € X enement ([ —T,)*f € Y
=0

KopekTHO BusHadenuil. Tomy dopmysa (1) BuzHauae MO/yJib HElEPEPBHOCTI HOPsiAKY a > 1
enementa f € X, mopojekenuii niprpymnowo {7}, : h > 0}, i 3a npunymenb neproro adzary
(koutm, B3arasi kaxyan, X # Y).

JIerko J10BecTH, 10 MOIYJI HEMEPEPBHOCTI w = wy, (f, ) 3a10B0abHsI0TH yMOBH: 1) w (0) = 0;
2) ¢dyHkIisg w € HemepepBHOIO Ha [0, +00); 3) dyHKIIA w € HecnaaHow Ha [0, +00).

Teopema. Hezali surxonyemocsa odna 3 ymos: 1) X =Y — banaxie npocmip, {1, : h > 0} -
cmuckyrowa nisepyna kaacy (Co), a > 3; 2) cnpasediusi npunywenna, 3pobaeni 6 nepuio-
MYy abzaui danoi pobomu, o > 4. Todi dan dosiavrozo wucaa > o — % ICHYE PYHKULA
w: [0, 4+00) = R, ne momootcho piera nyato, wo 3a0060avhac ymosu 1)-3), maka, wo dyrryisn
(0,4+00) € § = w(6) /6” € ne spocmarouoro na (0,+00) i npu YyvoMy Wi 0AA AKO20 eAeMENNG
f € X nue suxonyemwca pisnicmo

lim w, (f,0) /w(d) = 1.

0—0+

[Is1 Teopema y3aranbHioe pe3yabraru podit [3] (B axiii « € N, o > 2, > a— 1), [2] 1 [1] (B
SIKUX PO3IJISIABCSA BUIIAI0K, KOJIM X — IPOCTIp PIBHOMIPHO HenepepBHUX Ha oci (pynkiiit, T}, —
onepaTop 3cyBy Ha h, & = 3 Ta o = 2 BiANOBiHO).
1. Kongaruu C. B. O Bropbix Moaymsax zerpepsiBHoctr // Tpynst Martem. un-ta um. B.A. Crekioa.
- 2010. - 269. - C. 150-152.

2. Beskpuua C.1., Hecrepenko O. H., Haiikoscbkuit A. B. ITpo rperi mosyai Henepepsrocti // Ykp.
Mar. xypH. — 2014.— 66, Ne 10. — C. 1420-1424.

3. Bezkryla S.1., Nesterenko O. N., Chaikovs’kyi A. V. On high orders moduli of continuity generated
by semigroups of operators // Jaen J. Approx. — 2016 — 8, No 2. — P. 183-190.
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[IPO TTAPABOJIIYHI OBJIACTI 3BI2KHOCTI T'IJIJIACTUX
JIAHITIOI'OBUX APOBIB CIIEHIAJIBHOT'O BUI'JIA LY
J.1. Boanap!, I. B. Binannk?

'Teproninbepkuit HamionaabHMil eKoOHOMiYRHII yHIBepcuTeT, M. TepHOMILD
2TeprOMiNbCHKMIT HAIIOHAJBLHWI Me1aroTiaanil yHiBepenTeT
imeni Boaomumupa ['Harioka, M. TepHOIiIb
bodnary755Qukr.net, i.bilanykQ@Qukr.net

Posrisginemo riuigcruil janmorosuit api6 (IJI/1) crerniaabHoro BULJIsLY
-1
= o) . ai)
i(k i(1
(D) e g

k=1 ix=1 i1=1 Q;(2)
1 L)
DI

io=1

e (k) — KoMIutekcHi ancaa, i(k) € Z,

Hexaii
T = fi(n) = dyig. . iy m+1<ip<inq<..<ip;n>1ig=N},m=1N— 1.

BukopucroByioun 6araToBuMipHuii anajgor kpurepia 3eitgenrsa g [V coeniaabnoro Bu-
ISy, TeXHIKY obJacTeil eneMeHTiB Ta obJyacTeil 3HadeHb, TeopeMy Crinreca-Bitami, BcraHoB-
JIeHO pocTarHio o3uaky 30ixmocti VI (1).

Teopema. Hexati eremermu dpoby (1) naresrcamo napabonrivrium obracmanm Py, mobmo
Qi) € Pi(k:); Z(k}) €7, oe

: 1 —
Paay () = P () = {2 € € o = Re (se72%) < =Scos's }.

l—1

aik) € C, € — dosinvne mane diticne wucaro (0 < e < 1)
Tooi:
1) ichyromo cKinYeHHT 2PaHuYl NAPHUT © Henaprur nidrionux dpobie TJIJT (1);

2) IJIJ] (1) sbicacmoca avuso Y by = 00, Y bigym[k] = 00, 044 koocnozo m, 1 <m < N,
k=1 k=1
i Koorchoeo, i(n), i(n) € I de wucaa by 00nosnanmo 6usHANaOMBCA (3 CNiGEIOHOWEHHA

-1 .
bi(o) =by= 1, |ai(k)| = (bi(k—l)bi(k)) ,Z(k) < I, a TAKOZK m[k} =mm...m;

k

)
< :
coS 7y

3) obaacmio snauens Uybo2o dpoby € Kkpyez

_iry

z —

IC(’y):{ZE(C:

CoS Y
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HABJIN>KEHHST KJIACIB IHTEI'PAJIIB [ITVACCOHA
[TOBTOPHUMUN OITEPATOPAMU
B.1. Boapa, A.B. Crbonkin, €. 0. Cunuyk
Kuiscbkuit namionaabuuil yHiBepCcUTET TEXHOJOTIH Ta qu3aiiny, M. Kuis
Joubacekuit gepzxaBuuii nejaroridauii yaisepcuret, M. CJI0B THCHK
bodrayaviktoriya@gmail.com

Mosraunvio wepes Cf ., ¢ € (0;1), B € R, xrac nenepepprnx 27-mepiommaunx byHKimii

f(z), 9Ki MOKHA TTOJATH ¥ BULJISAI 3TOPTKU

™

flz) = Ay + % / p(z +1)P4(t) dt,

ae Pg(t) = 1;—:1 q" cos(kt + %) — siapo Ilyaccona, a anst GyHKIGT ¢() BUKOHAHA yMOBa [1]

esssup|p(z)] < 1.

Bazada HAOIMKEHHd KJIaciB inTerpasin [lyaccona JmiHiitHUME oniepaTopaMu Mae baraTy icTo-
pito, mos’si3any 3 imenamu C. M. Hikosibebkoro, C. B. Creuxina, O. 1. Crenanng, A. C. Cepaioka,
B.1. Pykacosa, C. O. Yaituenka Ta iHmImx.

Hexaii S, (f;x) —cymu @yp’e byukiii f € L. Hexait, nani p = {p1, p2, p3, p4} — HAOIP 10BiTH-

4
HUX HATYPAJbHUX YHCE] TAKUX, MO »  pp = n + 3. OyHKil f € L mocTaBuMo y BiINOBIiIHICTH

k=1
IIOCJIIIOBHICTh TPUTOHOMETPHUYECKHUX IOJIHOMIB

n—1 k1 ko k3

Apn=— S — 3 L oy LS s (1)

pl k1=n—p1 p2 ko=ki—pa+1 p3 ks=ko—p3+1 p4 ka=k3s—pa+1

dKi Oyjemo HazuBaTu 4-mmopropuumu cymamu Peiiepa.

Havm BuBUeHA acUMIITOTHYHA MOBEIIHKA BEPXHIX T'paHeil BiXuaeHb TOBTOpHUX cyM Peiiepa
a,(f%(f;x) na knacax Cf  nna f=1, ¢ € (0;1/4).

Teopema. Hexati q € (0;1/4) Todi das n — 00 mae Micye acumnmomuyhta Gopmyaa

Z?:l g
H?:l Di

ql4+3¢*> — ¢*
C oo = sup |1 = o(F)llo = 4L ]

+o(1)
ject w1 pi(1 — ¢2)*

de O(1) — seaununa, pieHOMIPHO 0bMedCENRA GIOHOCHO T M, (.

1. Crenanery A.U. Ilpubamkenne aHATUTUYECKUX HeENpepbIBHBbIX dyHKImit // Mar. c6opHUK. —
2001. - 192, \e 1. — C. 113-138.
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CEPE,ZLHI [IOITEPEYHUKN KJIACIB CDVHKLHI;I B LQ(R)
C. B. Bakapuyk, M. B. Bakapuyk
Vuisepcutet imeni Anndpena Hobems, m. Trinpo
JlainpomerpoBebkuit HarmionaapbHuil yaiBepcuter imeni Ogecst Tongapa, m. JIainpo
sbvakarchuk@Qukr.net, vacarchuk@yandez.ru

Hexait L(R), R = {2 : —00 < & < oo}, € npocrip Bcix Bumipaux byHKIii f, 3agannx
na R, kBajpaT Moaynd gdkux inTerposanuii 3a Jleberom wa Oy/ib-IKOMY CKIHYEHOMY MPOMIZKKY,
a Hopma BusHauaeThes dopmyaomno [|f| = { [ \f(x)\zdx}l/Q < 00. Jna posiabnoi dbyHKIil
f € La(R) momysib HenmepepBHOCTI mM~-r0 MOPSIIKY BU3HAYAIOTH K

w(f,t) = sup{||AT ()| : || < t}, t >0, m €N,

Jie CKiHYeHa PI3HUI M-TO TOPSIKY

At =30 (") e+t

J=0

oznadena maiike Bcioan Ha R. Iig L5(R), r € N, posymiemo wiac dbyukuiit f € La(R), y
sxux noxigni (1 — 1)-ro mopaaky f~Y (f© = f) nokaabno abcomorno menepepsHi, a moxi-
ami r-ro mopsaaky f) manexxars mpocropy Lo(R). Hexait Byo, 0 < 0 < 00, € 3BYKeHHAM Ha
R mHOXKMHE Beix mimux yHKIIH ekcnoneHmiiinoro tumy o, mo Hamexarb Lo(R). Beanunna
Ao (f) =inf{||f — 9| : g € B,2} € naiikpamum nabnnxennsimM bynkiil f € Lo(R) exementamu
MuHOKUHE B, o; A(ON) = sup{A,(f) : f € M}, ne muoxkuna M C Ly(R). Hexait O(t), 0<t< 00,
€ HellepepBHOIO 3pocTanvon dyHKIien (MakopanTo), 1 skoi $(0) = 0; W (wy,, P) € kaac
bynkmiii f € L5(R), 115 TOXiAHAX 7-r0 TOPSAAKY AKAX BUKOHYEThes yMoBa Wy, (f7), 1) < ®(t),
0 < t. Yepes b,(+), d,(+), 6,(-), 0 < v < 00, IO3HAYMMO CepeTHi GepHIITEHIBCHKII, KOTMOro-
piBChKU Ta JiHItHWN v-otepedynnku. Mae Miciie HacTyIHA TeopeMa.
Teopema. Hezati v € (0,00); m,r € N; mascopanma ® 3adosorvhac ymosy

inf{®(t)/sin™(vrt/2) : 0 < t < 1/v} = lim{®(¢)/sin™(v7t/2) : t — 0+}. (1)

Todi surxonyromvea pieHocms

HV(WT(wm7 (I)); LZ(R)) = Amr(Wr(wmv (b)) =

= 27" (vr) "lim{®(t)/ sin™ (vt /2) : t — 0+}, (2)
de T1,,(+) — 6ydv-axuti 3 cepedniz v-nonepewnuwic: by(-), d,(-) abo 6,(-).
dAxmo, nanpuknan, O.(t) =™, To ymosa (1) Bukonyerhes, a (2) npuiimae BUTISAT

I, (W (wm, @.); Lo(R)) = Ay (W (win, ®.)) = (vm) ="

Hagezieny Teopemy MOXKHA DO3LJISJATH, sIK [IeBHe PO3BUHEHHs 01HOTO pesyabrary FO. 1. T'pu-
ropsHa [1| Ha Bunaok HabsmkenHs byHKIH B Lo(R).

1. Tpuropsan FO.U. Tlonepednnkr HEKOTOPBIX MHOXKECTB B (DyHKIMOHAJIBHBIX NPOCTPAHCTBAX //
Ycenexu mareMm. Hayk. — 1975, — 30, Ne 3. — C. 161-162.
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TEOPEMU ICHYBAHHS BATATOBUMIPHUX YV3ATAJIBHEHUX
MOMEHTHUX 30BPAYKEHDB
I'. M. Becesoscbka', A.Il. T'oxy6?
L2 Tncrmryr Maremarnxkn HAH Vipainm, m. Kuis
Lanaweseka@qgmail.com, 2 apholub@qgmail.com

[TousTTs y3araabHeHHX MOMEHTHHX 300pakeHb, 3ampononoBane B. K. JIzsaukom y 1981-
my pori [1], y poGori [2| Gyi0 nommpene zHa BUNAJOK d-BUMIDHHX YHCJIOBHX HOCJIIOBHOCTE
(d > 2).

Oz3HaveHHd. Y3arajbHEHIM MOMEHTHUM 300pazkeHHsIM d-BUMIPHOT YUC/IOBOT TOC/IiIOBHOCTI
{sk}kezd+ Ha JIOOYTKY JIHIHHUX HpocTOpiB X X ) HA3MBAETHCS CYKYIHICTb piBHOCTEH

Sk+j = <$kayj>7 kaj S Zfl‘,—v (1)

ae {xwtkeze C X, {yjljeze C Y, a (-, -) — Olniniiina popma na X x Y.

Beranosieno Jesiki reopemu icHyBamust 300pazkennst Buriisiy (1).

fK i B OiHOBUMIpHOMY BHUIIAJKY, Y BUIAJKY OLABIIMX pO3MipHOCTEil 33a/1a4a PO y3arajbHe-
Hi MOMEHTHI 300pazkeHHs Moxke 0yTu chopMyaIboBaHa B TepMiHax JiHIHUX ormepaTopis. Tomi
300pazkenHst BUNsiny (1) Oy/e ekBiBaJIeHTHIM 300paZKEHHIO

sk = (AP AR AMag yo), ke Zl,

e A X - X, )= 1,d, — niniitai omepaTopn, MO KOMYTYIOTH MizK CO6OIO.
gxmo npocropu X, Y — 6anaxosi, 6ininiiina dopma (-, ) — po3aiabHOHENEpepBHA, a onepa-
Topu A;, j = 1,d, — obMezkeHi, To pan

k
E 51 2% = E sszlz§2...zdd

d d
kezd kezd
Oyae 30iKHUM B OKOJIi IMOYATKY KOOPAUHAT A0 aHAJITUUIHOI (pyHKHil f Bix d 3MIHHUX BUIVISIY

f(Z) = <R21 (Al)Rzz (AQ)"'RZd(Ad)anyO)‘

OTpuMaHO HACTYIHHUI Pe3yabTar.
Teopema. /[ra dosinvroi pynryii f, anasimuvnoi e nosikpysi Kp=Kpr, X Kg, X ... X Kp,,
0 < R < o0, j = 1,d, © 006iAbH020 HECKINUEHHOBUMIPHOZO CENAPAOENBHO20 21AH0EPTMOB020
J s ) Wy
npocmopy H icuyromo eaemenmu To, Yo € H ma ainiting obmesrceni onepamopu A; - H — H,
Wo KOMYMYoms mioic coboro, nopmu arux || Al < %, j=1,d, i maxi, wo Vz € Kr
J

f(z) = (R, (A1)R., (A2)... R, (Aa) o, Yo)-

Lleit pe3y/ibTaT HOMMPEHO TAKOXK Ha KJIac Iiaux dyHKiil, npu npomy oneparopu A; : H — H,
7= 1,_d, MaTHMYTh HYJbOBI CIIEKTPaJbHI PaIiyCH.
1. Tzamuk B.K. IIpo yzaranbuenns npobiemu momentis // Ton. AH YPCP. — 1981. — Ne 6. —
C. 8&-12.
2. Tony6 A.Il., Yepmenska JI. O. BararosuMmipHi y3araabHEH] MOMEHTHI 300parKeHHs Ta, allPOKCH-
manil ITaje s dyukniit 6ararsox 3minHux // Ykp. mar. xyph. — 2014. — 66, Ne 9. — C. 1166—
1174.
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HEPIBHOCTI TUITY BEPHIITENHA-HIKOJIbCHKOT'O AJI5
TPUTI'OHOMETPUYHINX [TOJITHOMIB 3 JOBIJIbHUM BUBOPOM
[TAPMOHIK
I'. M. Baacuk
Iacturytr maremaruku HAH Vkpainu, m. Kuis
annawlasik@gmail.com

Hexait L,,1 < ¢ < oo, — mpoctip BuMipHUX 27-THepionnyanx byHKOiil f 31 craHZapTHOO
Hopmoto. na dyuknii f € Ly posriasgaemo i1 psaa Pyp’e

> fR)er,

kEZ

e f(k) = % f_7r7r f(x)e~*dzx — xoedinientn ®yp’e Gpynkmnii f. CKpizb HuzKYe 6yIeMO BBaXKaTH,
™
10 ,ZLJIH'f € L, BUKOHYETHCS YMOBA, f—if flx)dx = O'. .
Hani, mexait ¢(7) # 0,7 € N, — nosinbHa QyHKIIS HATYPAJBLHOTO apryMeHTy, [ — J0BiabHE
dikcoBane gificHe 4HCI0. ZIKINO psij

Z f (k) pilka+B%signk)
L= OlRD

¢ pagom Dyp’e nesikoi cymoBHOT dyHKIT, To Hacaigyoun O. I. Crenanus [1, ¢. 25|, i1 HazBemo
(v, f)—noxignow dyukuii f i 1m03HaUUMO fg Baysaxxumo, mo sxkuo Y(|k|) = k|77, r > 0,
k € Z \ {0}, o (¢, B)-noximma bynxuii f cuisnazae 3 ii (r, 3)-noxignowo (mosmadenmns fj) B
cenci Beitma—Hans.

s 1) — mtomaTHEX i He3pocTaodux Ta [ € R mokiaamzeMo

"
t
T (0, B,q,p) = inf sup | BHQ, 1<p,q< oo,
Km teT(Km) ||t||p

ae T(K,,) = {t ()= )] cjeij’”}, a K, = {j1, ..., jm} — MoBlabHUIT HAGIp i3 m pisHuX HigIuX
YHUCeI. JEfm

[MosHaunmo depe3 W MHOXKHHY JOJATHHX i HE3POCTAYUX MOcTigoBHOCTeH ¥ (T), T € N|
f(g?) < C, ge C — geska abCOJIOTHA CTaJja.

CrpaBeyinBe TBEDIKEHHS.

Teopema. Hexali 1 < p < oo, (1), 7 € N, — dodamna i neapocmaroua nocaidosHicmy,
B € R. Todi mae micue cnissidnowenma

TaKuX, 110

*

Tm(¢7 57 OOyP) < wil(m)ml/p .

Sxwo orc Y(r) € VU, 7 € N, i, kpim moeo, ichye maxe ¢ > 0, wo nocaidosnicmv (T)T° He
apocmae, mo

*

de p* = max{2,p}.

1. Crenanernt A. . Kiaccudukarus u npubiuxkenns nepuogndecknx ¢gpyukiiii. — Kuers: Haykora
nymka, 1987. — 268 c.
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HABJIMYKEHHS KJIACIB MEPIOANYHUX OVHKI[I BUCOKOI
IJIAAKOCTI ITOJITHOMAMUM CIIEHIAJIBHOI'O BUIY
B. A. BoiitoBuu
Tacturytr maremaruku HAH Vkpainu, m. Kuis
witktorvjtovich@gmail. com

Yepes C%/JHUJ MO3HAYUMO MHOZKUHY 27— TIePIOAUIHUX (PYHKITIiT

™

C’gHw =1 f(z) = % + l /cp(a: +O)U(t)dt, ag € R, w(p,t) <w(t), o L1y,
T

—T

ae U(t) = S (k) cos (kt + %) (k), B, € R — nosinpmi mocmizorocti mificrux wmcen,
k=1

w(y;t) — Moaynb HenepepsHoCcTi dyHKIT ¢ B mpocropi C a w(t) — dikcoBanuii MOLyIb Hele-
PEPRHOCTI.
Yepes Dy nozuaanmo MuHOKULY mnociaigosrnocteir ¥(k) > 0, k € N, 119 aKuX BUKOHYETHCS

. 1
ymoBa lim vl —
Hexait f — nenepepsua 2m—nepiogunana dyukiis. Po3rsinemo piBaomipue po3butrs Biapizka
[—, 7] cncremoro Touok z; = 2, ne i =0,1,..., N — 1, ne N — 10BibHe HATYDAJIbHE THCIIO.

Yepez TV, (f; ) no3HauMMO TPUTOHOMETPUUHHUIT MOTIHOM TODPAJKY He Bulle n — 1 aKwui,
cepeJi yCix TpuUroHoMerpwdHUX nostiHomiB T, _1(x) mopsiaky He Buine n — 1, MiHimizye cymy

N
2
Yolf(xi) = Thoa(x;)|” mpu N > 2n — 1.
i=1
Posriisiiaersest 3aa4a 1po BiIIYKAHHS aCUMITOTUYHEX PIBHOCTEN JIsl BEJIMIUH

E(CHHL T sx) = sup |f(w) = T (f; )],

n—1 '
fGCE’S

ko Y € Dy, 5 € R.
Teopema. Hezat i) € Dy, b € R, k € N, n,N € N, N > 2n — 1 i w(t) — dosinvhud
Modynn Henepepernocmi. Todi das dosinvrozo © € R npu n — 00 GUKOHYIOMBCA PIBHOCTI

s

20, 2t\ . 1\
S(C%Hw;Té\f_l;I) = Tw(n) /w(g> sintdt + O(l)w<ﬁ) k;ﬂ@“’“%
0 =N

de O(1) — seaununa pieHOMIPHO 06MENCEHA BIOHOCHO 6CIT PO32AAOYEAHUT NAPAMEMPIE.
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YMOBU 3BI2KHOCTI PAJIIB DOABEPA BCEPEJINVHI OBJIACTI
M. B. T'aescekmii!, H. M. 3azepeii’
Kiposorpaacokuit gepkasuuii mejaroriuauii yaisepcurer
imeni Bosiogumupa Bunnundenka, M. KponuBHunbKuit
*Hamionanbanit Texuiunnii yaisepenter Ykpainn "KIII imeni Irops Cikopenkoro" , m. Kuis
mgaevskij@gmail. com

Hexait G — ogHO3B’s130a 06s1acTh B KOMILIeKCHIH mwaommai C, MeKelo KOl € 3aMKHeHa, KO-
nanoBa kpuba ['. Bracuinok Teopemn Pimana icuye enune Bimobpazkenust w = $(z), mo KoH-
$HOPMHO Ta OJIHOJIUCTHO BigoOpazkae 30BHIMIHICTE 001acTi G HA 30BHIIIHICTD OJUHUYHOIO KPyTa
D ={w e C: |w| < 1} mpu ymosax ®(c0) = oo, d'(z) = v > 0. Obeprene 10 w = P(2) Bin-
obpazkennsi nosuauumo z = W(w), a muorowrenu Pabepa st obsacti 2 OyjuemMo no3HadaTn
gepe3 F,(z), v =0,1,2,... [1].

g obsracti G cucremy mosinoMiB Pabepa MOXKHA O3HAUUTH AK KOeIlieHTH pO3KJIALy ¥
psizt Jlopana B oKoJIi TOUKH w = 00 HyHKIH K (2, w) = % = ZOZO ZTL—%), z € (.

Hexaii, nami, Hy(G) — MHOXKWMHA aHamiTWIHMX B obgacri G dyHKuid [ 3 HOp-
MOIO || flloo=5Up,cq |f(2)|, wepes Lo(I') Ta L(I') mnosmaummo mpocTOpH BiIIOBiTHO
icrorno obmexkennx ra cymosHux Ha I' dynkuiii i3 nopmamu || f||L ) = esssup,cp | f(2)] 12
HfHL(p):%| Jo1f(2)]ldz|, me |T| — mosxuna kpusoi I'.

Koedinientn @abepa dyukiii f € Hoo(G) obuncaonTbes 3a hopMymaMu

L/ W), 1 [,
fwl=1

2mi wntl © 2w Jp & t1(()

au(f) = ay = C7

e '(z) mae Mmaiixke ckpisp Ha [ KyTOBi rpaHnYHI 3HAYEHHS, SKi yTBOPIOIOTH QYHKIIO, iHTe-
rposay Ha I', a pan Y~ a,F,(z) € panom Pabepa dbyukuil f € Hyo(G).
Ha muoxkuni dyukmiii f € Hy (D) 3amgamo omeparop Pabepa Tg, 10 i€ 32 MPaBUIOM

Te(f)(z) = %/Tf(w)#dw, ze€G, T={weC:|wl =1}

Ob6nacts G mazupatorh obiacrio Pabepa [2|, gk st HOPMH ONEPATOPA BUKOHYETHCS

crnigBinnomenns: |Tg| = sup 1T (f)(2)| < oc.
f€Hwo(D), [Iflleo<1
1 f©)

Posrignemo B obmacti G inTerpan Tuny Komti K f(2) = 5= [ — d¢, z € G i3 miabHICTIO

| € Lo(T"). CupaBeiyiiBe HACTYIIHE TBEP/KEHHS, 10 JA0MOBHIOE Teopemy 1 (aus. [1, c. 108]):
Teopema. fxuwo G — pabeposa obaacmob, WO 0OMENCEHA CNPAMMOBEHON0 HCOPOAAHOBOI0

kpueoo I, f € Lo(I') ma K(z,w) = \I,‘I(j;f;u_)z € L(T) dan z € G, a makoosc dasn do6inbHO20

neNY !  a=o(n), deay =5~ f\w|=1 fﬁ(ﬂ))dw, modi gynruiro K f(z) moocna poskaacmu
6 pad Pabepa, wo pisromipro 36icrutl 6 obaacmi G.

1. Cyerun II. K. Psaasr no muorouwienam Pabepa. — Mocksa: Hayka, 1984. — 336 c.
2. Casuyk B.B. Ob6usacti ®@abepa i 3amaua O.1. Crenmanust // Teopiss HabIM:KeHHS Ta CyMiXKHI
nurarssd: [Ipami [a-1y maremarukn HAH Vipainu. — 2002. — 35. — C. 151-163.
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HESABHE JIIHIVMHE PI3BHULIEBE PIBHAHHS 1-TO ITOPAOKY: BIJ
HIJINX P-AINYHNUX YUCEJI JO IHAVKTUBHNUX I'PAHNIID

[TPOCTOPIB @PEILIE
Cepriii I'ecdbrep, Auna I'onuapyk, Ogexkciii ITiBensn
XapkiBchbkuil Hanionasbuuii yuigepcurer imeni B. H. Kapasina, m. Xapkis
gefter@karazin.ua

Hexait A — menepepsuuii jiniliHMit oneparTop, IO /i€ ¥ TOMOJOTTYHOMY BEKTOPHOMY MPOCTO-
pi. BuBuaeThca HacTyHe HesdBHe JTiHIHE HEOJHOPIIHE PI3HUIEBE PIBHAHHHS

A:En—i-l_'—gn:an n:071727"‘

Posrngaerbes JekijibKa CUTYallifl, KOJu 1e piBHAHHSA Ma€ €JIUHUN PO3B’SI30K BUIVISLY

Ty = ZAkgnJrk, n=20,1,2,...
k=0

20



SAJJAYA HAMKPAIIIOI ¥V PO3YMIHHI 3BAYKEHOI
XAYCJOP®OBOI BIACTAHI PIBHOMIPHOI

ATIPOKCUMALII ¥V MHOYKMHI HEITEPEPBHUX
BIITOBPAYKEHDB 3 KOMITAKTHNMUI OITY KJIMMU
OBPASAMU

B. O. I'maTok, ¥. B. 'yauma
Kam’anenp-1loginbebkuit Hamionaabauil yaiBepcuteT iMeHi IBana Orienka,
M. Kanm’gauens-Iloninbenpknuit
g-ul@yandex.ru

Hexaii S — kommakr, X — jiHiifiHIi Ha/l MOI€M KOMILIEKCHAX (TIHCHUX) 4nCes HOPMOBAHMUIL
upocrip, Ko (X) — cyKylnHicTh HEIOPOXKHIX OMYK/IUX KOMIIAKTIB IpocTopy X,

H (A, B) = max {rggj(ryré%l |z =yl , max min |z — yH}

— xaycaopdosa Bigcranb Mixk muokuHamu A, B i3 K (X), C (S, Ko (X))- MHOKIHA Henepeps-
Hux Ha S BigHocHO MeTpuku Xaycaopda ua Ko (X) 6araroznaunux Bimobpaxkenb S B Kq (X),
w — JofaTHA HemepepBHa Ha S DyHKIA (BaroBa (byHKIIsI).

Bazadero HaWKpaIol y po3yMiHHI 3BazkeHol XaycaopdoBoi BiAcTaHi piBHOMIPHOI alrpoKCcHMa-
nii Bimobpaxkenns a € C (S, K, (X)) muoxunow V C C (S, Ky (X)) Oynemo HazuBaTu 3ajady
BiﬂﬂlyKaHHH BeJIMYUHHN

o) (a,V) = inf max (w(s) H (g (s),a(s))). (1)

geV seS

ko icaye enement g* € V Takwuit, mo

ag (a,V) = max (w(s) H (" (s) ,a(s))),
TO Horo GyIeMo Ha3UBATH €KCTPEMATHHUM eJleMeHTOM st Beaunannan (1).

Y poboTi BCTaHOBJIEHO HEOOXIJIHI, JIOCTATHI YMOBH 1 KpUTEPil eKCTPEeMaJIbHOCTI eJIeMEeHTa, /T
pesimaud (1). OTpuMaHO HU3KY JOMOMIKHUX Pe3YJIbTATIB, sIKi TAKOXK CTAHOBJISITH CAMOCTIHHUI
inTepec. 30KpeMa, JIOBEJIEHO TaKe TBEPIKEHHS.

Teopema. Hezati g* € V i V' e I ~mmnoorcunoro eidnocro mouku g* (3oxpema 3ipkosoto 6io-
HOCHO §* ab0 ONYKA0I MHOHCUNO010). JTas mo2o w00 esemenm g* 6Y6 eKcmpemaibHUM eACMEH-
mom 0as seaununy (1), Heobxidno i docmamuvo, wob das Koxcrozo g € V ichysaau esemenmau,
54 €8, fg € B*, 0aa AKUT SUKOHYIOMBCA YMOGU

max (w (s) H (g% (s),a(s))) = w (sg) H (g% (s4) ,a(s,)) =

seS
=w(s,)max| max Ref (r) — max Re =
( g)feB* v€g* (s9) @) yea(sy) f(y)‘
=w(s max Ref, (r) — max Re )
(59) w€g* (s9) Jo (@) yealsy) fo(9)
sign ( max Ref, (r) — max Ref, (y)) ( max Ref, (r) — max Ref, (y)> >0,
TE€G*(sg) y€a(sg) z€g(sq) Y€G*(sg)

ae BT ={f:feX"|fl <1}
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HABJINYKEHHA OVHKIIN 3 KJIACIB WiH"

IHTETPAJIAMU BENEPIITPACCA
Y. 3. I'pabosa, 1. B. Kamsuayk, T. A. Crenaniok
HanionasibHuit yHiBepcUTET BOJHOIO I'OCIOJAAPCTBA Ta HPUPOJOKOPUCTYBaHHs, M. PiBHe
CxinnroeBporneiicbkuii HamionabHuil yHiBepcuTeT imeni Jleci Yipaiunku, m. JIymnbk
grabova_u@ukr.net

Hexait L — mpocrip 2m-nepioJiuaHux CyMOBHUX Ha Iepioji dyHKIIH, B SKOMYy HOpMa 3a-
K

naerbes 3a gonomorow pisuocti || f]|, = [ |f(¢)|dt; C' — npocrip 27-nepionuannx Henepeps-
—T

nux Gbyukuiit 3 Hopmow || f|lc = mtax\f(t)| Posrnanaerscs xkiac WyH®, r > 0, f € R, -

(r, B)-nudepennitiosnux bynkuiit f B posyminni Beitis-Hang, takux, mo ix (r, 3)-noxinui fj

33, J0BOJIBHSIIOTH YMOBY JIIMIITHI HOPSAKY @, TOOTO

[fa(x+h) = fz(x)| < |R|*, 0<a<1, 0<h<2m z€R,

T %) 2
Hexaii f € L. Besuuuny Wis(f;x) := % [ ft+x) {%—1— > e~'5 cos k:t}dt, 0 > 0 HA3UBAIOTH
- k=1

inrerpasom Beitepmrpacca dynknii f (nus., nampukaar, [1]).
Jana poboTa npucBsYeHa BUBYCHHIO aCUMITOTUIHOT MOBEIHKN TIPU 0 — OO BEJUIHHI

EWgH* Ws)c = sup ||f(z) = Ws(f;z)llc.

JeWgH®

3riguo 3 O. I. Crenannem [2, c. 198] 3agady npo BianryKaHHS aCHMITOTHYHEX PIBHOCTEH JTs [a-
HOI BeJIMUYNHU Ha3UBATHMeMO 3a/1a4uero Koamoroposa—HikonbebKoro aig meToy BeiiepmiTpacca
Ha Kiaacli WiH® B pIBHOMIDHI MeTpHILL.

Teopema. Hexait r > 0, 0 < a < 1, r+a <218 € R. Toxi npu 6§ — oo Mae Mmicie
CIIBBIIHOIIIEHHS

1 1
E(WEHQQW(S)C = ;EJ;.Z)A( )+ ) (51+r + 5) )

2071 < y(a) <1,

Je BesmanHa A(qy, T) O3HAYeHA CIiBBIIHOIICHHSIM

Ala, 1) = A, B, 7) = / |¢]* / cos ut + B—;)du dt
—o0 0

1 11 Hel cmpaBeJInBa OIIHKA

[ O1), r+a<2,
A(a’T)_{ O(lnd), r+a=2.

1. Kanpvuyk I.B., Xapkesuu 0.1, Habawxkenns (v, 5)-audepenniiosanx dyHkiiii inrerpasamn
Beiiepmrpacca // Ykp. mar. xkKypa. — 2007. — 59, Ne 7. — C. 953-978.

2. Cremaner; A. . Meroasr Teopun npubmmkennii: B 2 1. — Kues: Ua—1 maremaruku HAH Ykpawn-
ubl, 2002, — H.1. — 427 c. (Tpyasr Un—rta maremarnkuy HAH Ykpaunsr; T. 40).

52



SAITAYA HANKPAIIIOI'O PIBHOMIPHOI'O BIZTHOBJIEHHSI

OVHKIIOHAJIBHOI BAJIEXKHOCTI, 3AJJAHOI HETOYHO,
MHO?KVHOIO HEIIEPEPBHUX OJIHOSHAYHNX BIJIOBPAYKEHD
3 JOOJATKOBUM OBME?KEHHAM, IO BAIJACSTHCHA
CUCTEMOK BAMKHEHUX KVJIb
¥Y.B. I'yoauma
Kam’anenp-llominbebkuit HamionaabHuil yHiBepeuTeT iMeHi IBana Orienka,

M. Kam’gaenb-Ilomiabebkuin
g-ul@yandex.ru

Hexait S — komnakr, X — jiniiinuii #Ha/( mojgeM KOMIUIEKCHHX (JIHCHUX) 4dUCes] HOPMOBa-
il mpocrip, X* — mpocrip, cupsizkennii 3 X, C (S, X) — uiniituuil Hax nosem gificHuX 9u-
ceJl TIPOCTIp OJIHO3HAYHUX Bi/[0OpaxkeHb ¢ KoMmmakTa S B X, HenepepBHHX Ha S, 3 HOPMOIO
llgll = max lg (s)|I, K (X) — cykynuicTs Beix Henmopoxkuix kommakTis mpocropy X, C (S, K (X))

— MHOXKHMHA HellepepBHUX Ha S BigHOCHO MeTpuku Xaycaopda wa K (X) GaraTosHadHUX Bij-
obpaxennb S B K (X), w— nogarna uHenepepsra va S dyukiis (Barosa dyukmis),V C C(S, X),
ue C(S,X),reC(S,R),r(s) >0,s€S,D={g:9€C(S,X),|lg(s)—u(s)|]| <r(s),se€ S},
icaye esrement g € V, mist gkoro ||go (s) — u(s)|| < r(s) anst Beix s € S.

Bazadero HAWKPAIIOTO Y PO3YMiHHI 3BaxkKeHOI XaycaopdoBoi BiAcTaHi PiBHOMIpHOTO Bij-
HOBJIEHHS (DYHKIIOHAJIBHOT 3a/Ie2KHOCTI, 3a/laH0l HEeTOYHO 3a JOMOMOI'OI0 BioOparkeHHd a €
C (S, K (X)), enementamu g MHOXKHHHA V', sIKi 38I0BOJIBHSTIOTH JIOJATKOBOMY OOMeXKeHHIO g € D,
Oy/neMo HA3UBATHU 33/1a9y BIINTYKAHHS BeJTHIHHN

o (a,VN D)= inf max (w (s) max llg (s) — a(s)||>. (1)

gevND seS y€a(s)

dxmo icaye exement g* € V() D rakuii, 1mo

% (a,V' 1 D) = max (w (s) max [l () = a ()]]),
seS yea(s)
TO #oro GyIeMo HA3UBATH €KCTPEMATHHUM eJIeMEeHTOM i Beauannu (1).

BceranoBieno HeoOXiaHi, JOCTaTHI YMOBH 1 KpUTepii eKCTpeMaaIbHOCTI eJeMeHTa I BeJIu-
quau (1); orpuMaHi pe3y/braTd KOHKPETH30BAHO HA BUIIAJOK, KOJIM V € 4eOMIIOBCHKUM IIijI-
IPOCTOPOM; y3araJbHEHO Ha BHIAJOK 3ajaadvi Bimnrykadus Benmunbu (1) Teopemy Yeburmopa
PO AJTBTEPHAHC. 30KPeMa, JOBEJIEHO TaKe TBEPIKEeHHS.

Teopema. Hexaii V e onykaot mmoscunoto. Jas mozo wob eaemenm g* € V(D 6ys
EKCNPEMAALHUM eaemenmom Oan seaununy (1), neobxidno i docmammnvo, wob dAf K02HCHO20
enemenma g € V icnysasu eaemenmu s, € S, y, € a(sy), fy € E(BY), daa akux sukonyomsca
YMOBU

max (w (s) maX g™ (s) — yH) = w (s9) fo (9" (84) —Yy) ,

sesS YyEa (

Refy (9 (sg) — 9" (54)) =0,

abo icnysanu eremenmu s, € S, fi € B (B*) maxi, wo
197 (s'g) —u(s'gll = fo (g7 (5'g) —u(s'y)) =7 (),
Ref; (g (3/9) -g (3/9)) > 0,
de B* ={f:feX*|fll <1}, E(B*) - muoscuna xpatiniz moywox B*.
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[TPO OIITUMAJIBHE BIJHOBJIEHHS N-JIIHINHNX

OYHKIIOHAJIIB 3A JINHINHOIO [HOOPMAILICHO
M. C. I'ysbko, O. O. Pynenko
JlainpomerpoBebkuit Harmionaapuuil yaiBepcuter imeni Ogecs Tongapa, m. JIainpo

mgunko@yandex.ua, aa-rudenko@yandex.ua
Bynemo BuB4YaTn 3amady onTuMizalil HAOIUKEHOTO O0YUCIACHHS N-THIRHUX DYHKIIOHATIIB

y HactyuHiit nocranosti. Hexait X — niniitauit Hopmosanwuii mpoctip aa moaem C KoMILIeKCHIX
qucej, My, ..., M,, C X nenrpajbHO-CHMMETPUYHI MHOXKWHE. [[puiycTumo, 1o Ha 1eKapTOBOMY
100y TKy JiHiitHIX 060/10HOK span(M;) muoxun M, 3anano n-niniiinnit bynkionan

0 Hspan(Mj) —C
j=1

i gna xoxmoro j = 1,...,n na MuoxuHi span(M;) sagano wabip T = (T}, ..., Tjm,) AiHifEAX
menepepsuux ¢ynkrionanis Tj; : span(M;) — C,j = 1,...n,l = 1,...,m;. Bexropu T};(z;) =
(Tja(x5), s Tjm, (25)), 25 € My, j =1,...,n Gyaemo masmpaTn Jiniitnolo indopmarniero mpo 1,
Toyeery Ty THIY (M1, ...y M) (200 (Mg, ..., My, )-iHdopmartiero). JoBinbHy dncaoBy GyHKIi0 F Bin
mi+...+m, 3SMIHHEX OyIeMO HA3UBATH METOJIOM BilHOBJIeHHS hyHKIIOHATA §) 3a indopMalliero
Ti(xy1), ..., Tp(xy,). Hokmamemo

Ry (WS W) = inf inf sup a1, .y ) — F(Th (1), oo, To(xn))]-

Ty B T €W,z eWI"
Bemuuna Ry, o, (W9, ..., W9) — e moxubKa onTHMAIBHOIO METOY BiTHOB/IEHHS (DYHKIIO-
nasa () Ha kiaacax W9 ... W9 3a onrumanbuo (myq, ..., M, )-indopMaliero.

O/ivH 3 OCHOBHHX Pe3ysIbTaTiB POOOTH MICTUTHCS B HACTYIHIN TeopeMmi.
Teopema 1. Hezai sadaro n-ainitnud gynxyionas Q, Q = 1,2,....,n, N=N(V,,Q)—1€N,

n
u € N. Hezati maxoorc p; > 1 ma ) ]% =1, modi

g=1""
n €q:(1)s €q:(2)5 -5 €qi(n
Ry oy Wi s W) = (35 (1):05 ()05 (m)) £V, 4 pl A
(1):45(2)50 55 sl;ll|ggj(8)|1/ps
o |f(6qu+1(1)7 Caur1(2)s -+ 6qu+1(n))|

1:[1 ’g;u+l(3) ll/ps

IIpu yvomy imdopmayia npo esemenmu T; € W]b"],j, j=1,...,n eudy

Tj(z;) = ((j; €1(5))s -+ (%, €qu () = Es1 ) -+ Liaus))
i mMemod
F(31,0,01)5 0 81,0000 -+ gy ) Emgum) = Y [ (€a0)s €qu2)1 -5 €qum))| By (1))
k=1

it sukopucmants byoymsv ONMUMAALHUMU.
Apropu aakyoTh B. @. Babenky 3a mocTaHOBKY 3324, 0€3M0CEPEIHIO YIACTh B OTPUMaHHI
pe3yAbTaTIB Ta MOCTIfIHY HiITPUMKY.

1. Babenko B. ®. O npubimKeHHOM BBIUUCJIEHUM CKAJSIPHBIX [pou3BejeHuii // YKp. mMar. KypH.

—1988. — 40, Ne 1. — C. 15-21.
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SAIAYA ITPO TIHb AJIsA CIM'T KVJIb CTAJIOIO PAIIVCA
Xaiimxkaa Jakxin
Kuiscbkuit nanionanbuuit yuisepcurer imeni T. I [lesuenka, m. Kuis
moonmd385Q@gmail.com

PosriigneMo B TPUBEMIPHOMY eBKJIigoBoMy mpocTopi R3 3amauy mpo Tinb aas Kyab o1Ha-
KOBOTO pa/iiyca.
Sagada. ke MiHiMaTbHE YHCJIO MOMAPHO HENEPETHHHUX 3aMKHYTHX (BiIKPHTHX) KyJb
0JIHAKOBOT'O PaJiiyca B TPUBUMIPHOMY eBKJIioBoMy mpocropi R? meobxinno i JocTaTHbO, 106
JIOBLIbHA TIPSAMA, IO TPOXOAUTH Yepe3 (biKCOBAHY TOUYKY IIPOCTOPY, MepeTHHAJIA X04ya O OIHY 3
UX KYJIb?
Teopema 1. Jlosisvnuil HabLp i3 MPLOx NONAPHO HENEPEMUHHUL GIOKPUMUT KYAb 00HAKO-
6020 padiyca 6 npocmopi R® ymeoproe caabko 1-onykay mroscuny.
Teopema 2. J[osinbHuti Habip 13 MPbOT NONAPHO HENEPEMUHHUL GLOKPUMUL KYAb 00HAKO-
6020 padiyca 6 npocmopi R® ymeoproe 1-onykay mmuostcuny.
Teopema 3. Yomupu nonapro nenepemunii 3amknymi (6idkpumi) kyai 0dnaroso20 padiyca
6 npocmopi R3 neobxidno i docmammvo 0aa cmeopenns mini 6 @ikcosanit mouyi.
Teopema 4. Jlas mozo, wob moukxa 6 MmpusuMipHOMY €8KA0080MY NPOCTOPT HANEHCANA
1-nisonykail 060a0nyl cim’i 8idkpUMUT (3aMERYMULT) KYAb 00HAK08020 Padiyca 00CMAMHBO
80COMU KYAD.
[TuTanng MiHIMAJIBHOCTI 3HAWAEHOT KiIMTHKOCTI KY/Ib 3aTUMTAETHCS BITKPUTHM.
1. Bemunckuii FO.B., Beirosckasg W. 10., Credanuyk M. B. O60611eHHO BBITYKJIbIE MHOXKECTBA 1
3ajada o Tern // VKp. mar. xkypa. — 2015. — 67, Ne 12. — C. 1659-1666.

2. Bemuucknit FO. B., Credanuayk M. B. V3aransaensst 3aa9i mpo Tinb // YKp. Mar. )KypH. — 2016.
- 68, Ne 6. — C. 657-662.

3. Besmmuckuit FO.B. O6061menno Beimykble 060M0YKH MHOXKECTB M 33/ada 0 TeHH // YKp. Mar.
Bicauk. — 2015. — 12, Ne 2. — C. 278-289.

4. Bemmuckuit FO.B., Hakxnn X. K. 3azaqa o rern st mapos dpukcupoansoro pajguyca // YKp.
Mmar. Bicauk. — 2016. — 13, Ne 4. — C. 599-603.
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[TPO TIPUEIHAHUI BATATOBUMIPHUI JIPIB 3
HEPIBHOBHAYHVMUW 3MIHHVMUM
Poman /IMurpunimsa
[Ipukaprnarcbkuit HamioHaABHUIT yHIBepcuTeT iMeni Bacuis Credanuka, M. [Bano-OpankiBehbk
dmytryshynr@hotmail.com

Posrngnaernpes npuenanuii OararoBuMipauit apid 3 HEPIBHOZHAYHUMU 3MIHHIMHI

(51

1 & Oin s
al(l)zll (_1> 11’12012'( 2)Ziy Zig <_1) 12’Z3CL1‘(3)ZZ'221'3
L+ Z D> D> (1)
ig=1

L+ biyzi, + 1+ bi(2)2i, = 1+ bi(3)2i, +

i1=1
7€ Qik), bik), 1(k) € Iy, k > 1, — komIuiekcHi ancia,
T, = {i(k) : i(k) =142, .. ig, 1 <dp <idpy, 1<p <k, ig= N},

aiky # 0 ana veix i(k) € Iy, k > 1, §; ; — cumBost Kponekepa, z = (21, 29,..., 2y) € CV.
JoBeseno icHyBaHHS €IMHOTO (POPMAJBLHOIO KPATHOTO CTEIEHeBOIO PAILY

L(Z) = Z Cm(N)Zm(N), (2)

Im(N)|>0
ae vy, m(N) € MY, — kommekcri uncia,
MY = {m(N): m(N) =my,mag,....,my, my €Z,, 1 <p< N},

Im(N)| = my +ma + -+ + my, O(N) = 0,0,...,0, cony = 1, 2" = 2202 . 20N,
z € CV, sigmosinHoro mpueananoMy 6araTOBIMIpHOMY JApoOy 3 HEPIBHOZHAYHUMMN 3MiHHUME
(1) i BcTaHOBJIEHO, O TMOPSAIOK BiAMOBIHOCTI #HOro n-ro mijaxigHoro apoby piBuit 2n + 1.
[To6GymoBaHO AJrOPUTM PO3BUHEHHs 3a1aHOro psaay (2) y Bianosiguuii npi6 (1) i BeTanoBIEHO
HeOOXi/IHI Ta JOCTAaTHI YMOBM ICHYBaHHS TakKoro ajaropurmy. Kpim Toro, jpoc/iijizkeHo 3B’430K
MizK TIPUETHAHUM DATATOBUMIPHUM JPOOOM 3 HEpIBHO3HAYHUME 3MiHHUME (1) i GaraToBUMipHUM
J-1poboM 3 HePIBHOSHAYHUMH 3MIHHUMUI

N % o i o
Sty Ee g CU o
i1=1 bi(l) + &+ io=1 bi@) + &, + ia—1 bi(B) + fis + ’

a€ iy, biwy, i(k) € Iy, k > 1, — Kommnekcni 4ucia, npudomy a;y 7 0, i(k) € I, k > 1,
€= (£,&,...,&y) € CN i, ak pesyabrat, J0Be1eHo BianosiaHicTs 1poby (3) 10 dbopmaibHOro

KPaTHOI'O CTEIIeHEBOI'O PAOY
* Em(N)
L*(€) = Z gn)’

[m(N)|=0

ae coyy € C, m(N) € MY, ¢ € CV. Iocmiakeno 36iKHICTh TPHEAHAHOTO GATATOBIMIDHO-
ro apoby 3 HepiBHO3HauHMME 3MiHHUME (1) Ta GaraToBumipHOro J-Apoby 3 HEPIBHO3HAYHUMHE
sminauMu (3) B gegkux obsractax npocropy CV.
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HEPIBHICTbB JIEBETA JJ151 ¢ IUPEPEHLINOBHUX ®YHKIIIN

3 KJIACIB XAP/I
I1. B. Bagepeii!, B.1. Boapa!, B. B. Boscynoscbka®
'Kuipchkuit maniona bHuil yHIBEPCHTET TEXHOJOTIH Ta musaiimy, M. Kuib
2 Hanmionasnanit Texniunmit yaisepcurer Yxpainm "KIII imeni Irops Cikopenkoro | m. Kuis
Bodrayaviktoriya@gmail.com

Moznauumo D? = {2 =(21,2) : % €C, |z| < 1,i = 1,2}, T? = {2 = (21, 29) : z:€C, |z]=1,
i=1,2}. Hexait f(z) = f(21, 22) — ronomopdua B D? GyHKIid, 3aaHa OJHOPIIHEM PO3KII0M
B pan Teitmopa Bumy

o0 n
Il Il
z) = E Ck E 20z, Su(fiz) = E Ck E 212y,

k=0 l1+lo=k k=0 l1+lo=k

AKa HaJlexkuTh Kaacy Xapai H'(D?), Tobro

1 . )
||f||1 = Sup _2/|f(T€Zt1,T€Zt2)|dt1dt2 < OQ.
o<r<1 4m
TQ
Hexaii takox 1 = 1(k), ¥(0) = 1, (k) # 0 Vk € N, — 10BljibHA 1OC/IIOBHICTH KOMILIEK-

CHUX 9HCes. fIKIo psit
oo
Ck I la
5 E ztz
U(k) b
k=1 li+lo=k

e pasioM Teitsiopa neskoi dbynkuii g € H'(D?), To nacainyioun O. I. Crenanng, 6yemMo Ha3uBaTu
iT ¢—noxignoro Gyskii f i nosnauaru g = f¥(-,-), a MHOzKUHY TakuX GYHKIIN f(2) HO3HAYMMO
HY(D?).

Teopema. AHruio

(k)]
k

k—o0

lim (k) = 0 ka k)| < o0, A%(k) = vk — 1) — 20(k) + ¢(k + 1), Y
k=1
mo Vf € HZ(DQ) CNPABEDAUBA HEPIEHICTTID

1) = Sulf: ke < (Z P wy+ 3 Wy ))En(fw)a

k=2n+1

n
de E,(f¥)e — matxpawe nabauscenna dymsuii f¥ mmocourenamu eudy S ap S 2zl

k=0 l1+la=k
a KCp.(¥) 1 KK (¢) — deaxi konemanmau.
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HABINYKEHHST AHAJTITUYHIX OYHKIIN 3 KJIACIB XAP/I
IT'PAHUYHI ®VHKUII IKUX € IHTETPAJIAMU [IYACCOHA
I1. B. 3agepeii!, M. A. Bepewmiii', M. B. l'aescbKkmii>
'Kuiscpkuit maniona bl yHIBEPCHTET TEXHOJOTIH Ta musaiimy, M. Kuib
YKiposorpaachKuii JepyKaBHUI e aroriaanii yHiBepcuTer
imeni Bosionnmupa Bunnundenka, M. KponuBHUIIBKH
zadereypv@Qukr.net, koliaveremii@gmail.com, mgaevskij@gmail.com

Hexait D = {z € C: |z| < 1}, a T = {2z € C : |2z| = 1}. Yepe3 A(D) Gyaemo moznadaru
MHOZKHHY peryasapaux B D dbyukmiit f(z) 3 pagom Teitopa-Maxmnopena f(z) = > po,cx2¥,z €

(k)
Da Cr = ! k!(O)’ Sn(f7 Z) = ZZ:() Ckzk-
[osunaunmo uwepes L(T), Loo(T), C(T) npoctopu, BiAMOBIIHO, CYMOBHUX, CYTTEBO OOMeIKe-

HUX Ta HenepepBHUX byHKmii f, BusHadennx ma T, 3 wopmamn || f|lrm) = - | f(e™)|dt,
| flloo:=e88 sup;coom | ()], Ifllc := maxicoan [f(e”)].

Axmo X (T) — oguu 3 npocropiB L(T), Lo (T), C(T), ro X(T)y = {f € X(T) : c_y =
0,k =1,2,...}. 3a Teopemoto T'omy6esa-TIpusasosa [1, C. 202 npocropu X (T), € npocropamu
IPAHUYHHX 3HAYeHb aHaJiTHIHUX B D dyHKIiR f, mo 300parkaoThca inTerpasamu Komri

Kole) = 1) = o | plldv by e x(T),

271 w— 2

Yepesz L4 (T),,0 < ¢ < 1 mozuaunmo kirac HyHKIH, 1110 300pasKaOThCsl Y BTl 3TOPTKH
flet)y =1 OQW ©(e)Py(t—0)d0, ne Py(t) = 34> 1 ¢" cos kt — spo Tyaccona, [¢(e)]| L m<1.
[okmazemo CL(T) = L (T)y NC(T),0 < g < 1. Hepes H, no3Havar0Ts MHOKHUHY DYHKIIiiT

P

f € AD) y skux cxingena vopma || f||g, = supy.,.; <f027r |f(,oe“)]pdt) < 00,1 < p < 0.
Toxi, moknamemo HL :={Kf(z):z2€ D, ¢ e CL(T),}. Tomy knacu CL(T), ckramaorhes 3
dbyukiii, gki € 3BykeHHaM Ha T ¢yHKIIHR 3 Kaacis HL.

B poborti pocaiizKyeThbcd HACTYIIHA BEJIHINHA,

sup sup [f(z) = Su(f;2) = sup |If = Su(f)llcm:
feHS, €D feCd(T)+
Otrpumani pesyabraru € anaisorom teopemu C. B. Creukina 2] njs AiiicHOSHAYHUX PsiIiB
Dyp’e, a Takox npojosKenuam gociaiazkenb O.1. Crenanng ra B. B. Cauyka (sus. maup. [3|,
riaasa 10)

1. TTpusamos . N. I'pannansie cBofictBa anaantuwydeckux ¢gyakmuit. — M.—JI.: Tocrexusmar, 1950.
- 336 c.

2. Creukun C.B. Ouenka ocrarka psiia Pypbe s guddepentupyenmbix dyukuuit // Tp. Mar.
na-ta AH CCCP. — 1980. — 145. — C. 126-151.

3. Cremnaner; A. . Meronbr Teopun npubsvxennii: B 2 1. — Kues: Ma—r maremarukun HAH Ykpau-
ubl, 2002, — H.2. — 468 c. (Tpyasr Un—rta maremarnkuy HAH Ykpaunsr; T. 40).
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[TPO MOBYJIOBY VY3ATAJIbBHEHO OITYKJIOI OBOJIOHKU
FOpiii 3endincbkuii
Iacturytr maremaruku HAH Vkpainu, m. Kuis
yuzelinski@gmail.com

AgciomaTuaHuil TiaxXia 40 BH3HAYEHHs OMYKJIOCTI (OBODSITh, IO CiM’s MHOXKHH CKJIAIA€-
ThCsI 3 OMYKJIMX MHOXKHUH, SIKITIO MEPeTHH JOBLIBHOT X KIIBKOCTI HaJIeXKUTh Tiiil ciM’'T) 1o3BoIIsIE
Ha3BAaTH OIYKJIUMU P €eK30TUIHUX KJIACiB MHOXKHH, K1 He aCOIIIOI0THCS 13 3BUIHAM HOHATTIM
OIIYKJIOCT1, HAPUKJIAJI, MHOYKHHA BCIX MHOXKHMH YK CiM’d BCiX 3aMKHYTHUX ITIIMHOKHH JESKOIO
TOIOJIOTIIHOTO MPOCTOPY. MU PO3rIssHeMO psl 33124, PO3B d3aHHS IKHX BUEMAra€ 3acTOCY BAHHSI
PI3HUX y3araJbHEeHb IMOHATTS OMYKJIOCTI.
Oznauennsa 1. Ckaxemo, mo MHOXKHHA E C R" m-omykia Bigrocuo touku z € R™"\ E,
SIKITO 3HAMIeThCss m-BuMipHa mtomnHa L, taka mo ¢ € Li LNE = &. CkaykeMo, 110 MHOYKHHA
E C R" m-onykJa, SKIIO BOHA OMYKJIa BIIHOCHO KOXKHOT Touku x € R™\ E.
Bamava (npo TiHb). fKe MiHIMaJIbHE YHCIO TMONAPHO HENEPETHHHUX 3aMKHYTHX KY/Ib 3
nenrpamu Ha cepi S"! B esxiigosomy upocropi R” i pasiyca menmoro sig pasuiyca cde-
PH JOCTATHBO, 1100 JOBLIbHA TPsAMA, IO MPOXOAUTH depe3 IMeHTp cdepu, nepernnaia xoda 0
OJIHY 3 INUX KyJib! [HIMUMU CJIOBaMU: KON MEHTP cepu Oyae Hasmexkatn 1-omyk/iiit 060I0HTI
0o0’eIHaHHsA KYJ/Ib!
Po3B’a30K 3a7a4i npo TiHb IHAYKYBaB PsiJI OJIU3bKUX 3334, PO [Ki Iijie MOBa B JOIOBiI.
1. Beymuckuii FO.B., Beiropckas U. FO., Credanuyk M. B. O60611eHHO BBITYKJIbIE MHOXKECTBA U
3ajada 0 Teru // VKp. mar. xkypH. — 2015. — 67, Ne 12. — C. 1659-1666.

2. Bemincekuii FO. B., Credanayk M. B. YV3zaranbnenns 3amadi npo tinb // YKp. MaT. xKypH. — 2016.
- 68, \e 6. — C. 657-662.

3. Zelinskii Yu. B. Generalized Convex Envelopes of Sets and the Problem of Shadow // Journal of
Mathematical Sciences. — 2015. — 211, No 5. — P. 710-717.
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[IPO OJHY KOMBIHATOPHY TOTOXKHICTb IJIsd YUCEJI
KATAJIAHA TA HAPAAHA

O. A. Kanyb6oscbkmit
Jloubacwekuit aepzxaBuuii negaroridauii yaisepcuret, M. CJI0B THCBK
kadubovs@ukr.net
Hobpe Bigomo (mamp. [1], [2]), mo uncaa Karanama C), («Catalan numbers») ta Hapasna
N(n; k) («Narayana numbers») 3ycrpidaiorbest B 6ararbox KOMOIHATOPHUX 33/a9aX Ta 3HAXO-
JIsITh 3aCTOCYBAHHS B PI3HUX TAJTY3IX MATEMATHKH.
Haramaemo, 1mo uncaa C,, Ajs HEBix éMHUX IIIUX 1 BU3HAYAIOTHCS PIBHICTIO

1 1 2n
C,=——0C3 = ,
n+1 " n+l ( n )
a guciaa N(n; k) nng narypanpaux ni 1 < k <n — 3a g0moMorow piBHOCTI

. _l k kfl_l n n
N(ni k) = 2 CrCy _n<k> k—1)"

He Bakko nepesipurt, 1110 Ma€ MicCiie PiBHICTb

N(n;k) = N(n;n —k+1)

Ta 106pe Bigomo (ramp. [1, Ex. 6.36(a)]), 1o A71s1 3a3HaU€HAX 9HCEST CIPABIZKYETHCST TOTOKHICTh

ZN(n;k):

3 ypaxyBaHHsIM Pe3yabTariB pobiT [2] i [3], Mae Miciie HACTYITHE TBepIZKEeHHS
Teopema. /as HAMYPAALHUL T MAE MICUE MOMONCHICTL

1 mn
Cn_n——f—l 2n
u . n—k+7 nn—=k+j
= Zas(j)-—.-N(—.;—.)+
= J J J

k=147 nk—14+7 n ,
+ §j <z> N(BE—) ) - Y e (B) -GG
J J J \Sien t
ne: ¢(q) — dyukiig Eiiepa (KiibKicTh HATYDAJIBHUX YHCE, MEHIINX 3a ¢ Ta B3AEMHO TIPO-
crux i3 HuM); (a;b) — HAWGLTBITHIA CHUTBHUN JUIBHUK HATYPAJbHUX a 1 b; mijcyMOBYBaHHS
B IEPIIOMY JOJAHKY 13 CyMH 3 IIPABOl YaCTHHH BeIEThCA 33 BCiMa JLIBHUKAMHU j HAKOLIBIIOro
CILTBHOTO JiMbHUKA (n; k) uncesn n i k, B Ipyromy JOMAHKY i3 CyMH — 3a BCiMa TiTbHUKAMH j
HafGLIBIIOro cuigbHOro JinbHuKa (n;k — 1) uncen n i k — 1, a migcyMoBYBaHHSI B TPETHOMY

JIOJTAHKY — 38 BCiMa MITBHUKAMHA ¢ YUCTA N.
1. Stanley R.P., Enumerative Combinatorics. Vol. 2, Cambridge University Press, 1999. — 595 p.
2. Callan D., Smiley L. Noncrossing partitions under reflection and rotation, preprint,

https://arxiv.org/pdf/math/0510447v3, 2005.

3. Kanybosckuit A.A. O gncyie TOMOIOTHIECKN HEOKBUBAJIEHTHBIX (DYHKIINHN ¢ OTHOM BBHIPOKIEHHOM
KPUTHYECKON TOYKON THia cejno Ha aymepHoil cdepe, IT // Tpyapl Mex IyHapOJHOIO reoMe-
Tpudeckoro neurpa. — 2015. — 8, Ne 1. — C. 46-61.
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[IPO AEAKI BJIACTUBOCTI JIOKAJIBHUX MOAVJIIB I'NNIAJIKOCTI
KOH®OPMHUX TOMEOMOP®IZMIB
O.B. Kapymny
Hanionaspuuii aBiarniiinmii ynisepcurer, M. Kuin
karupu@ukr.net

Hexait y komiutekcHift 1mwiomnuni 3a/1aH0 O/HO3B s13HY 00J1aCTh, OOMEXKEeHY CIPSIMJIFOBAHOIO
IJ1IKO0 »KOpAaHoBoIo Kpupow. Kesmtor B 1912 porii J0BiB MIUPOKO BiOMY TeOpeMy IIpo Te, I
SAKIO KyT MizK JJOTHYHOIO JO KPHUBOI 1 JIOJATHOIO JIHCHOIO Biccio 9K (DYHKIA JOBXKUHU JTyT'H
Ha KpHBIii HaleXnTh Kaacy leabaepa, To kiaacy lenplepa 3 THM 2Ke TTOKaA3HUKOM HAJIEXKUTH 1
moxigHa (byHKIII, Mo peasizye romeoMopdi3zM 3aMKHYTOIO OJIMHUYIHOTO KPyra Ha 3aMUKAHHS
JtlaHoil obstacTi, KOHMOPMHUIT y BIIKPUTOMY OJUHUIHOMY KPy3i. 3rogom O0y/10 orpuMano 6arato
PI3HEX y3araJbHEHb IIHOIO PE3YJILTATY.

B nomnoBimi po3T/ISHYTO OMIHKH /1 JIOKAJBHIX MOYJIIB IIAIKOCTI TOBITBHOTO MOPSIKY /s
BDYHKIIH, 0 peati3oByIOTh KOH(POPMHI BioOparkKeHHs OJHO3B a3HUX oOJacTeil.

Hexait (G; — ogHO03B’s13Ha 001aCTh B KOMILIEKCHINM ILIOIUHI, 0OMeZKeHa IIaIKOI0 CIIPSIMIIIO-
BAHOIO »KOPJAHOBOIO KpuBOIO 'y, 1m0 micTturh TOUKYy 29 € I'1, a Gy — oaHO3B’s13HA 00/1aCThH
B KOMILJIEKCHIHl ILJIOIIIHI, 0OMezKeHa TJIaJIKOK CIPSMJIIOBAHOI »KOPJAAaHOBOIO KpuBooO ['y, 1110
MicTuTh Touky wy € I'y. Hexait w = f(z)— romeomopdism savmkanns G obmacti G Ha 3a-
MuKanHa Gy o6nacTi Gy, KondopMunit B Gy, mpudoMmy wy = f(z). Hexait 71 = 7(s1) — KyT
MixK goTHIHOIO 10 [ Ta momarHo0 MAiiicHOO Biccio, s = sq1(2) — HOBXKHUHA ayru Ha Kpusiit ['q,
a Ty = To(S2) — KyT Mix JoTu4HO0 210 [y Ta J0jaTHO0 AIHCHOI BiCCIO, Sy = So(wW) — JOBXKHUHA
jiyru Ha Kpusiii ['.

Hexaii ioka/IbHIIT MOJTY/Ib TJI3TKOCTI W, 50 (rl(m) (s1), 5) nopsaAKy k noxigaoi nopajgaky m € N

(m < k) dyukuii 7 = 71(s1) B rouni sY = s1(20) i IoKaILHAI MOJLYJIL TIAJKOCTI Wi,s9 (TQ(m>(32), (5)

nopsaiky k noxignoi nopsaaky m € N (m < k) dbyukiii 79 = 7o(s2) B Touni 55 = so(wp) 3a,10-
BOJIbHAIOTH yMOBI esbiepa 3 nokaszaukom « (0 < a < m). Toai slokaabHIIT MOJY/Ih TJ1aIKOCTI
W,z (f™(2),6) nopaaxy k noxinmot fm+Y(2) dynkuii f(z) B rouni zg = z(s?) 3az0BonbHSE
yMOBi l'ebaepa 3 TUM 2Ke MMOKa3HUKOM (.
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KPAIOBA SAIHAYA JUJIA IHTEI'PAJIBHOT'O PIBHAHHSA TUITY
CDPE,[LFOH]:)MA 3 KEPYBAHHAM
H. O. Kozaosa', B. A. @®epyk?
'Kuiscokuit mamionansnuit yaisepeurer iveni T.T. Ilesuenka, m. Kuis
NncruryTt maremarukun HAH Vikpainn, m. Knis
Lnkozlovaa@gmail.com, 2feruk.viktor@gmail.com

PiznomaniTHUM 3a7a9aM ONTHUMAJIHLHOTO KePyBaHH I (DYyHKITIOHAIBHO-TH(EpEHIiaIbHIX
Ta iHTerpo-audepenniaIbHUX piBHAHb Ta IX CHCTEM IpHUcBSdYeHo Oararo mybsrikariit. Omgaum i3
HaNpPSIMKIB JOCTIIZKeHHS TaKUX 33189 € MiIX1, KU IPYHTYEThC Ha 3aJyIeHH] amapaTy Teopii
MCEeBI000EPHEHNX omepaTopis [1-5].

Posrisinemo y rinsbeproBomy nipoctopi Le[a, b] ainiitny kpaiioBy 3agady ajist iHTErpaJbHOTO
PIBHAHHS 3 K€PYBaHHAM

b

x(t) — /K(t,s)x(s)ds = f(t) +/K1(t,s)x(s)dsu, (1)

a

Sz(-) =a+ Jx()u. (2)
Tyr K(t,s), Ki(t,s) — sapa, cymoBHi 3 KBajaparom B obuacri [a,b] x [a,b], f € Lsla,b],
mELQ[a,b],ueR,S:col(Sl, So, ..., Sp):Lg[a,b}%RpiJ:col(Jl, Jo, ..., Jp):
Lsla,b] — RP — obmexkeni ginifini BekTopHi dyrkuionanmm, S;,J; : Lsfa,b] — R,
a = col (041, o, ..., ozp) € Rr. dnpa K(t,s), Ki(t,s), byukmia f, dyuxmionamu S, J

Ta BEKTOp (v — BIJIOMI, a KepyBaHHA U Ta (DYHKINIO T — MOTPIOHO BU3HATUTH.

Bynemo BBazkaru, 1o nopojzkyoda 3ajada 6e3 kepysants, orpumana 3 (1),(2) npu u = 0,
HE MA€ PO3B’SI3KY MPHU JAeAKUX HEOIHOPIMHOCTAX f Ta (.

BeranosieHo HeoOXiaHi Ta JocTaTHI yMOBH Ha KepyBaHHs u € R, mpu skux 3agaqa (1),(2)
CTa€ PO3B’43HOIO, & TaKOXK 3HAMJICHO 3araJbHUR BUIJIAJ 11 PO3B’43KY.

1. Boichuk A.A., Samoilenko A.M. Generalized inverse operators and Fredholm boundary-value
problems (2nd edition). — Berlin; Boston: De Gruyter, 2016. — 298 p.

2. Kozsosa H.O., ®epyk B.A. Inrerpansni pisusuus Ppenronbma 3 kepysanHsM // Bykosun-
cpKmit MaT. XKypH. — 2016. — 4, Ne 1-2. — C. 82-86.

3. Koznoea H.O., ®epyk B. A. Herepori kpaiiosi 3aa4i 3 KepyBaHHSM /1jis IHTErpaIbHUX PIBHAHD
// XVII Mixuapoana HaykoBa KoHdepentiis im. aka1. Muxaitra Kpasayka (Kuis, 19-20 TpaBust
2016 poxy): Marepiamu koud. T. 1. [Iudepernianbhi Ta iHTerpaibii piBHAHHS, X 3aCTOCY BAHHS.
— Kuis: HTYVY "KIII". - 2016. — C. 143-146.

4. Tlanacenko €. B., Ilokytauit O. O. KeposanicTs kpaitoBux 3a1a4 s piBHAHB JIAMyHOBA B IPOC-
topi I'insbepra // Bicank 3anopizpkoro yHisepcuTery, MaTeMaTHdHe MOJIEIIOBAHHS 1 IPUKJ/IA/IHA
Mexanika. — 2015. — Ne 3. — C. 213-220.

5. IMMerga JI. M. 3acrocysanssi 10 Teopil KepyBaHHsI HeTepoBoi kKpaiiosoi 3amadi // TIpuxapmar-
cekmii Bicank HTII. Ynemo. — 2013. — Ne 1(21). — C. 42-46.
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ACUMIITOTUKA PO3B’A3KIB JMPEPEHUIAJIBHUX PIBHAHD
APYTOI'O ITOPAIIKY 3 ITPABUJIBHO TA IIBUJIKO 3MIHHUMU

HEJIHIMHOCTSIMU
H.II. Koaywu
Onecwkuit Hamiona bHU yHiBepcuTer iMmeni . I. Meunukosa, m. Oneca
natalitakolun @Qukr.net

Posrngnaernea audpepenriiaibue piBHAHH
y' =Y ami(t)eiy), (1)
i=1

ne a; € {—1,1} (i = 1,m), p; : [a,w[—>]0, +o0[ (i = 1,m) — nenepepsui bynkuii, —oco < a <
w < 400, @; : Ay, —]0,+00[ (i = 1,m), ne Yy nopisuioe abo mymao, abo +00, Ay, — neakuii
oqHOGIwHMIt oKin Yy, Taxi, mo npn i = 1,] KOKHA 3 HAX € HETePePBHOI 1 MPABMILHO 3MIHHOIO
npu y — Yy dyHKIEO nopsaka 0;, a upu i = [ + 1, m — aBivi HemepepBHO IudepeHIiHOBAHOIO
PYHKITEIO, 0 3a/I0BOJIBHSIE YMOBAM

()0
a6o 0, i i(y)el (y)

= 1. (2)
abo —+oo0, J?A}% o2 (y)

pily) 70 mpn y € Ay, lim oiy) = {

A
ye Yy

Y mpangx B.M. €sryxoBa i A.M. Kionora 6yiu orpuMani yMOBH iCHYBaHHsS Ta acHM-
nrotuka P, (Y, Ag)- po3B’si3KiB, Ko Bel DYHKII ¢; — IpaBUIBHO 3MiHHI npu y — Yy (auB.,
Hanpukaai, [1]).

Posp’azok y audepennianproro pisasiaHsg (1) wasuBaerbes P, (Yp, \o)-po3s’sizkom, Je
—00 < A\g < 400, IKINO BiH BU3HAYEHHUIT HA TPOMIKKY [to, w[C [a,w[ i 3a70BOIbHSIE HACTYITHIM
yMOBaM
abo 0, . Y (t)

abo oo, t#rgmi o

ttw

fmy(t) = . limy/() —{

B cuny ymos (2) dbyukuil ¢; (i =1+ 1,m) € mBuako 3MiHEUME Tpu y — Yy, To6TO mpasa
YACTUHA MICTUTD 9K NPABUILHO, TaK 1 MIBUAKO 3MiHHI HeJiHIHOCTI 1pu y — Yj.

Orpumani HeoOXimHi Ta gocTaTHi yMOBH icHyBaHHs y piBHsHHsA (1) mpu A\g € R\ {0; 1} Taknx
P, (Y, Ao)-po3B’sa3KiB, s akux mpu Jeskomy s € {1,...,1}

lim pi(t)i(y(t))
tTw Ps (t)gos(y(t))

a TaKOZK aCUMITOTHYHI 1pu ¢ T w npeicTaBJeHHs /sl TAKUX PO3B’A3KiB Ta 1X MOXiIHUX IIePIIoro
HOPSAAKY.
1. Esryxos B.M., Kymonor A. M. Acumnrorudeckoe moBeeHNE peIennit 0OBIKHOBEHHBIX JTudde-

PEHIMAIBHBIX YPABHEHHU{T N-TO TIOPSI/IKA ¢ TPABUIHLHO MEHAOMNMUCS HeuHerHocTssvu [/ dud-
depentr. ypasaernusa. — 2014. — 50, Ne 5. — C. 584-600.

=0upuie {l,...m}\{s},
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HEPIBHOCTI TUITY JIXKEKCOHA-CTEUYKIHA ¥V
['IJIBBEPTOBOMY ITPOCTOPI
C. B. KonapeBa
JlainpomerpoBebkuit Hamionaapbuuil yaiBepcuter imeni Ogecs Tongapa, m. JIainpo
konareva@mmyf. dnulive.dp.ua

Hexait H — koMiuiekcHuil riibOeproBuil npocrip, y KoMy 3ajaHo poskjiaj ogununi F (s),
+oo
110, B CBOIO Yepry, HOPOJKY€E Ipyly yHitapuux oneparopis Uyx = [ e*'dE(s)z, (t € R).
—0o0

Posrngmaernbed 3agada anpoKCHMAIil eJeMeHTIiB IiJIbOepTOBOTO HPOCTOPY IiAIPOCTOPAME

Buay W, = { [ dE(s)g : g€ H}, o > 0. Hexait ¢ : C — C — nenepepsua byHKITA
[t|<o
taka, mo ¥(t) = |p(e”)|*> € ® (P — MHOXKHMHA HemEepepBHUX, HEBLN€MHWX, 27T-IEPIOIUTHIX
byukiii ¢, mo MaTh Hife He MUIBHY MHOXKUHY HyJIiB i Takux, mo P (0) = 0). Busnaunmo
+oo
y3arajbHeny pisuuiio enemenra © € H 3 kpokoM ¢ noknagaoun Afz = [ ¢ (") dE(s)x.
—00
Posrasinemo Takoxk BaroBy dyukiito V (), To6To HeBin emuy, inTerposny Ha [0; 1] dbyHKIIi0O,
BIIMIHHY BiJ HYJId Ha MHOXKHHI ITOBHOI Mipu. BBesieMo HOBI XapaKTepUCTUKHU eeMeHTiB x € H

riJIbOEPTOBOrO MPOCTOPY — y3araJbHeHI MOJYJIi HeIePEePBHOCTL

o Ly (0, /IIA%HP v(5)a

Jlnga anpokcumariii OyjgeMO BHKOPHUCTOBYBATH JIHIHI MeTOJM HAOIMZKEHHS BULJISLY
Az = [ Mt)dE(t)x, ne A(t) — nenepepsra Ha (—0,0), 0OMekKeHa, KOMIIEKCHO3HATHA (yH-
[t|<o
KIIisl, 10 TOTOXKHBO JOPiBHIOE ouHuIi Ha (—€,€), 0 < € < 0.
1 1
[Moznaunmo H(V,d,0) = ‘i|nf [w(ots)V(s)ds, G(V,6,0) = |i‘mf [ w(ots)V (s)ds.
t SO’ 0 t ZO’ 0
Teopema. /Jlasa dosiavrozo esemenma x € H maxozo, wo x # Upx npu deaxomy t, mae
MECUE HEPIBHICTIL

1/p

LA 1
—Az|* < | : Ly ([0,0]))*.
o= Ae? < ma{ Lo 2O, ot Lav (0.0
3oxpema, das natixpau,02o nabausicenns eaemenma x € H nidnpocmopom W, maemo
2
1
E,(z)* = ||z — / dE(t)z|| < Ww@(m;Lgy([O,(ﬂ))Q.

[t|<o

Sxwo poskaad odurnuuyi marud, wo E([t, t+e]) # 0 daa 6ydo-axurt € R ie > 0, mo nepisrnocmi
€ MOUHUMU.
Hacaigok. 3a ymos nonepednuvoi meopemu npu 2 < p < 00 cnpasediusa HepieHICMb

1

B ) S G600

we (25 Lyv ([0, 6]))-

NI

Hageseni pesyabraTtu oTpuMano ciiibHo 3 npodecopom B. @. Babenko.
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KPAMOBA 3AJTAYA HA TIOJIAPHIN OCI [JJisd PIBHAHD
[TAPABOJITHHOI'O TUITY 3 OITEPATOPAMU ﬂE)KAH,ZLPA,
OVP’'€, BECCEJIA
I. M. Kosner, T. M. IInanniok
Kam’saenp-TTomiabebkuii Hamionaabamii yaiBepcuTer iMeni IBana Orienka,

M. Kanm’guenb-Ilomiabebkuin
konets1@ukr.net, t-myh@i.ua

PosrisiHemo 3ama4dy npo ¢cTpykTypy obmerkenoro Ha MuoxkuHi D = {(t,r):t >0:1r €[ =
(0; R1)U(Ry; Ry)U(Rg; +00) = I1ULUI3} po3s’si3ky audrepeniiaibHuX PiBHAHD TapaboiaHOro
TUILY 2-T0 TOPIJIKY

ou
8_t1 — a%A(M)[ul] +yiuy = fi(t,r), r € I,
ou
8_152 — a5 F[ug] + vaus = folt,r), r € I, (1)
E — ag (u,a)[u3] +yzus = f3(t>7“)a (ARSI L
3 MOYATKOBUMH YMOBAMH
ur(t,7)|i=0 = g1(r), r € I,
ug(t,7)|i=0 = g2(r), v € I, (2)
uz(t,7)|i=0 = g3(r), r € I,
KpaloOBUMU YMOBaMHU
ul(tar)|7°=0 < +00, Ug(t, r)|1”:+oo < 400 (3)
Ta YMOBAMH CIIPSAZKEeHHS
(Liilun(t,r)] = Lisluen (8 0)])], . = win(); 3,k = 1,2, (4)
e 92 ) 2 2
1 1
Ay = 52 + cthrE + 1 + 3 (1 —Iulchr + 1 —fihr) — y3araJjibHeHuit qudepeHiiaabauii onepa-

top Jlexkanapa [1],
2

F= 57 mudepenniaabauii oneparop Pyp’e [2],
2 2a0+10 v2P-a?
o o :
Lk, = (afm + 53]6’”5) ar + 85+ mea; gom,k=1,2.

[nrerpasibe 300pakeHHsT €MHOTO TOYHOI'O aHAJITUYHOIO PO3B’ 43Ky MilaHol napado/ivaHol
3ajadi cupsizkersst (1)—(4) nobymoBano MeTomoM ribpHIHOTO iHTErPATBHOTO IEPETBOPEHHS THITY
Jexxanapa-Pyp’e-Beccest 31 criekTpanbaiM mapamerpoum [2].

Bu,a =

— nucpepenniaabauii oneparop Beccens [1],

1. Kouer I. M., Hununiok T. M. TTapabosiani kpaiiosi 3a7a49i B KyCKOBO-OTHOPIAHUX CEPEIOBUITIAX.
— Kam’anenp-Iloginneokmit: Aberka—Csit, 2016. — 244 c.

2. Tumumiok T. M. T'ibpuaue inTerpassie mepersopents Jlexanapa-Pyp’e-Beccist va morapwiit oci
i3 crieKTpaJIbHIM TTapaMeTpoM B yMoBax crpsikents // Kpaitosi 3agadil mas audepeHniagbHIX
piBHSIHE: 30. HayK. np. — Yepuisui: [Ipyr, 2012. — 21. — C. 100-112.
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OLIHKM EHTPOIIINHUX YUCEJ TA e-EHTPOIIII KJIACIB

[TEPIOJINYHUX CDyHKLHI;I BATATBOX 3MIHHUX
A. ®. KoHorpaii
Tacturytr maremaruku HAH Vkpainu, m. Kuis
Konogray@i.ua

Hamu pocaiizkyoTbes alipOKCUMaTHBHI XapaKTePUCTUKH KJIACiB B;S},(? |1], nepiopnunnx byn-
KIIiif GaraThoX 3MIHHUX, dKi € y3araJbHeHHAIM BijjoMuXx KjaciB becosa. Huxkue Oynemo BBazkaT,
mo Q(t) = w(ty - ... tg), Ae w(T) — 3amana byHkiis (oaHiel 3MIHHOI) THITY MIIAHOTO MOJLYJIs
HETePepBHOCT] TOPsAIKY [, ska 3amoBosbise Tak 3Bami ymosn (S) i (S;) Bapi-Creukina [2].

Hexait X' 6anaxosuit mpoctip i By (y,r) — Kyaa X paziyca r 3 MEHTPOM B TOYIL -

Bxly,r) ={r e X: [lz —y| <r}.

g xommakTHOl MHOXKUHA A Ta € > 0 omepKaHO TOYHI 3a IMOPSIKOM OIIHKI eHTPOMAHIX
ancen ex(A, X'), ki BU3HAYAIOTHCA HACTYIHAM YUHOM (JHB., HAIPUKJIAL, [3|):

2k
en(AX)=inf{e: .. 2 ex: AC UBX(yj,e)}.

j=1

Wty ... tq), de w(T)

Teopema. Hexali 1 < g < 00, 2 <p<o0, 2<60 <001 Q)=
[ > 2. Todi das b6ydo-axux

zadosonvrae ymosy (S) 3 dearxum o« > 1, a makosc ymosy (),
M,n € N maxuz, wo M = 2" mae micue cnissidnowerma

é?M(ng, Lq) = w(z—n)n(d_l)(%_é)'

SayBakenus. Ilpn w(7) = 7" 1 BIAMOBITHUX OOMEKEHHSIX HA TAPAMETDP T, PE3YIbTaTH TEOPEMU
(ma xnacis By p,2 < 6 < oo ta By, = Hy) orpnvano s [4] ta [5] signosizmo.

1. Yongsheng S., Heping W. Representation and approximation of multivariate periodic functions
with bounded mixed moduli of smoothness // Tp. mar. us-ta um. B. A. Creknosa. — 1997. -
219. - C. 356-377.

2. bapu H.K., Creukun C.b. Hannyurue npubmmkenns u jauddepeHiinajibible CBOMCTBA JIBYX
conpsikerubix dyukuuit // Tp. Mock. mar. o-Ba. — 1956. — 5. — C. 483-522.

3. Hollig K. Diameters of classes of smooth functions // Quantitative approximation. N.Y.: Acad.
Press., 1980. — P. 163-176.

4. Powmantok A. C. OneHky 9HTPOTMITHBIX UHCEs 1 é—3HTponnK Kaaccos Hukobckoro—becosa mepu-
oAMvIecKUX (DYHKIUI MHOTHX TepeMeHHbIx // 36ipauk npais [a-Ty Mmaremarnkn HAH Ykpainan.
—2014. — 11, Ne 3. — C. 196-213.

5. Temusikop B.H. Onenkn acuMnToTMdeckux XapaKTEPUCTUK KJACCOB (DYHKIUI ¢ OrpaHUveH-
HO¥ cMemanHo# nponssoHoN nian pazuwocreio // Tp. Mar. ns-ta AH CCCP. — 1989. — 189. —
C. 138-168.
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HABJIN>KEHHSA CDVHKLUI;I B TEOPII OBMEXXKEHUX
IHBAPIAHTHUX MHOI'OBUAIB JUHAMIYHNX CUCTEM
I'. M. Kymauk
Hamionassauit rexaiunuit yaisepcurer Yrpainu "KIII imeni Irops Cikopewpkoro", m. Kuis
ganna_ 1953@ukr.net

Posrngnaernes cucrema udepeHia bHuX PiBHAHD BUTJISLY

Ay = f(z), Wy = Ax)y (1)

e r € R™y € R, ngilicna Bektop-dyHkisg f (r) Bu3HadeHa, memepepBHa i oOMerxKeHA Ha
R™, marpuust A (x) - n X n-BuMmipHa, ejleMeHTaMK KOl € JiiCcHI cKa/igpHi QyHKIIT BU3HAY€EH],
nernepepsHi 1 oOmexxkeni ma R™. JIogaTKOBO NPHUIYCKAEThCs, MO 3aja4da Ko da:/dt = f(x),
x|,y = o npu KokHOMY (ikcoBaHoMy 3HadeHHi Ty € R™ mae exmnmii poss’s30K z (t;x0).
st 1IbOro IOCUThH MPUITYCKATH, IO JOKAJIBHUN MOJy/Ib HemepeprocTi w (0 f) dyukmii f ()
3a/10BOJIbHsIE YMOBI [ 0 w(‘i‘ff) = 00. B cuny obmexenocti dyukmii f () xoxKuuit po3s’sa30K
x (t; xo) Gyme Bu3HAUeHHit HA BCiif oci R = (—o00, +00).

[Mpunyckaerbes, mo cucrema (1) mae dyuknioo [pina 3agaui upo obmekeni iHBapiaHTHi

00 (2)C (x(ri2) , <0,
W @) [Cx(ra) L), 7>0
|Go (1,2)]] < Kexp{—v|7|} VxeR™ ,7 € R 3 geakumu momaTHuMu nocriitanmu K, 7.
Bunukae nuranns: uu Oyjge icuyBaru dyHKIisg ['piHa npu J0CTaTHLO MaJHMX 3MiHAX (OyHKIIT
f () B cucremi (1)7

[Ipononyernhest po3risiaaT 0OMeKeHY HenepepBHY CUMETPUIHY MATPUIIO BUTISIILY
S(x) = fi)oo Go (1,) - [Go (r,2)]" dr — 0+°° Go (1,) - [Go (1,2)]" dr. TIpu 1wpomy cymepro-
sutist S (x (t;x0)) € HemepepBHO andepeHIiitoBHOO 1o 3MminHIA ¢ € R. TlpuitasaTo mosxada-

muorosun Go (1,x) = { sdKa 3aJ0BOJIbHAE HEPIBHOCTI

i S (z0) = dS (z (t;mo))/dt‘t_o' [Moxinna kBagparnanoi Gopmu (S () z, 2) B3AOBK pPO3B’sI3-

KiB cucTeMu crpsizkeHoi 10 (1) dx/dt = f (m),dz/dt = —AT (z) z Gyge 10JaTHO BH3HAYCHOIO
<[5 (z) — S (z) A (z) — A (2) S(x)} zz> > 0,5|2]|%. fxmo B sanmcanifi nepisHocTi MATPH-
g S (x) Oyna 6u HenepepBHO JMudEPEHIIHOBHOI 10 KOXKHIill i3 3minHUX Z; , @ = 1,m , TO
S(x) =" fi(x)- 95 (*75)/836Z i 3ammcana BHINe HEPIBHICTH CYTTEBO HE 3MIHUTBCS IIPH MAJIHX
sminax byskiii f (z), mo i o3Havarnme icayBanust dbyukiii ['pina. B 38’43Ky 3 nuM BUHWKa€E
3aJ1ava MOKJIMBOCTI HaOJIMzKeHHsT HerepepBHOI (byHKIHT S (x) dyHKIIsME HenepepBHO aude-
penniifoBauMu Sy () 3 OnHOYACHUM HAOIHMKEHHSM TX moximuux S (x),S (x).

1. Cremanern A. 1. Merons! Teopun mpubamxkennit: B 2 9. — Kues: Uu—1 maremarukn HAH Ykpan-

mer, 2002, — 9.1. — 427 c., 9.2. — 468 c. (Tpyas Nn-—ra maremarnkn HAH Vkpaunsr; T. 40).
2. Kymuk B.JI., Kymux A. H., Crenanenko H. B. Jlononmerne ciabo peryisipHbIX TUHEHHBIX PACIITH-

PEHUIT JIMHAMUYECKUX CUCTeM J10 peryisipabix // Maremaruueckuii xxypuaast, Asnmarsr. — 2011, —

11, N 1(39). — C. 74-86.

67



ABCTPAKTHUI IHTEPIIOJIALINHUNW APIB TUITY TIJE

Boanoagumup Maxkapos, Irop demkis
Iacturytr maremaruku HAH Vkpainu, m. Kuis
Hamionassauit yaisepcurer "JIsBiBchKa motiTexnika" , JIbBiB

thor.demkiv@gmail. com
V3aranbaenasamu j1pobis Tine 3aiimasiocst 6araTo aBropis. Lli y3arajbHeHHss YMOBHO MOXKHA,

pO3MiINTH Ha nBa Kaacu. /Lo mepimoro Kjacy BiTHOCATBCA POOOTH, TPUCBSYEHI y3araJbHeH-
Hio jpobiB Time Ha BUNa 0K QYHKINH OaraThox 3MIHHUX, epeBaXkKHO JABOX. /o Apyroro xjacy
BiTHOCATHCSA pOOOTH, TPUCBAYEH] y3arajabHeHHIO po0iB Tijle Ha BUNAJI0K BEKTOPHOZHAYHUX Ta
MaTpuYHO3HAYHUX (DYHKINH Big oaniel 3minHol. KpiMm Toro, € okpeMi pe3y/bTaTh, IMPUCBAYCH]
no6yI0BI MATPUYHO3HAYHUX IHTEPIOJAHTIB BiJ ABOX 3MiHHHX. [IpoTe Bci apoOOBi iHTEPIIOSH-
TH, 3aIIPONIOHOBAHI ¥ BIIOMHX HaM poOOTax, Ha BiAMiHY BiJ Kjiacuunoro apody Tinze, MaoTh
CYTTEBHUIl HEJOJIK: IPU 3aMiHl OCTAHHBOTO IHTEPHOJANIHOTO By3J1a Ha JOBIIBHUI eJIeMeHT 3
BIIMOBIIHOT MHOYKWHY BU3HAYEHHsI, IHTEPIIOJSIHT He MePeTBOPIOETHCS Y 3BHYANHY (BEKTOPHO-
3HAYHY, MATPUIHO3HAUHY ) (DYHKIIIO, 10 IHTEPIOTIOETHCS.

Metoio manoi poboru € y3arajbHeHHs JIpobiB Tijle Ha BHIAI0K IHTEPIOAIl HeJiHITHIX
olepaTopiB, MO JIOTh 3 JIHIHOTO TomojoridHoro mpocropy X y anarebpy Y 3 oguHHUIEIO i
sike 11030aB/IeHe BKA3aHOI'O HEJOJIKY. 3Bi/ICH, sIK YaCTKOBHI BUIAJIOK, OJEPAKYETHCS IHTEPIIOJIsI-
mittauit api6 Tuny Tine pig GyHKIi#H 10BiIIBHOT KiJIBKOCTI 3MIHHAX 0€3 reOMeTPpUIHNX 00MeKeHb
Ha PO3TAITYBAaHHS IHTEPMOJIAIHHNX BY3/IiB.

Onep:xano y3arajabnennii api6 Tine, skuil y "1BonoBepXoBoMy” BHIIAIKY MA€ BHIJIA

Ty(u) = F(uo) + ly(u — uo)[I + lo(u — uy)] ™,

ge ly, lo— minifini, F'— #eniniiinuii oneparopw, M0 JIOTH 3 JIHIHHOTO TOIOJOTIIHOTO IPOCTOPY
X y aarebpy Y 3 oaunuiieio I, e1eMeHTH u, ug, u; € X.

st omepatopa F' Bigowmi fioro suadenss F'(u;—1,(&;)), & € [0,1], ¢ = 1,2 Ha KOHTHHYATLHAX
By3JaX Ui—l,i(gi) = Ui—1 t+ Gg, (UZ — ui_l), & € [0, 1], 1=1,2.

Tyt g,— siniitanii, audepenriioBannii 3a z oneparTop, 1o gi€ 3 X B X, 1 Mae BJIaCTHBOCTI
go=E, g1 =0, 88 = Buax(re)» & €[0,1], 1e £: X — X ToroxHuMit oneparop.

Jliniitni oneparopu [y, [y 3a7a10Tbcd poOpMyIaMu

li(u—wug) =— /Fl’(uo + g7, (u1 — uo))dgr, (v —w), Fi(u) = F(u),

1
lo(u —uy) = — /FQ’(ul + g, (Uz — uy))dgr, (v — uy),
0

-1
Fy(u) = li(u — uo) [F(u) — F(uo)]

i BU3HAYAIOTh HA MHOXKHUHI JBiUi audepenniiioanux 3a [aro oneparopis, /i SKUX ICHYIOTH

BKa3aHi IHTerpaJif, PO3JILICH]I Pi3HUII IepHIoro nopsky. Bkazanuit ”“aBonoBepxoBuii” apib €

abCTPAKTHUM IHTEPHOJIAIIHHAM JTBOXIIOBEPXOBUM JipodoM Tuny Tijge 3 KOHTHHYAJILHUM iHTep-
HOJIAIIHHEM BY3JIOM U1 2(&2) 1 3BHUAMHIM IHTePIOIATINHAM BY3JI0M g, TOOTO

Ty(u12(&2)) = Flui2(82)), V& € [0,1],  Ta(uo)) = F(uo)).
1. Makarov V.L., Demkiv I.1. Abstract interpolation Thiele type fraction //

https://arxiv.org/ftp/arxiv/papers/1511/1511.06877.pdf, 2015, P.1-10.
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ACHHyH,[LOBI [TPOCTOPU TA TITPOMI>KHI [LH@EPEHLUPIOBHI
OVHKIIII
B. K. Macamouenko, B. C. MenbHUK
YepuiBenpkuii Haniona banii yaiBepcurer imeni [Opis @enpkoBuaa, M. YepHinii
vmaslyuchenko@Qukr.net, windchange7@gmail.com

Binomoro € Teopema lana—/I’enonne-Karerosa-Tonra |1, c. 105], sika TBepauTh, 110 B KJaci
T1-1pocTOpPiB HOPMAJILHICTH NPOCTOPY X eKBiBaJIEHTHA TaKifl BJACTUBOCTI: JJIs KOYKHOI Tapu
(g, h) HamiBHenmepepBHUX BiAMOBIIHO 3BepXy 1 3HU3Yy dyHKIHHE g, h : X — R, Takux, mo g(z) <
h(z) ma X icuye memepeppra dynkmig f : X — R, ma skoi g(z) < f(x) < h(z) mva X. lga
TeopeMa Ma€e GAraTo aHAJOTIB 1 3aCTOCOBYEThCS B Teopii Habau:keHb (nuB. [2] 1 BKazany tam
Jireparypy).

B ocranni pokn 3'gBHinCs HOBI aHaJOrM BKazaHoi Teopemu [3-5|, 30Kkpema, Ti 3 HHX, IO
CTOCYIOThCsT icHYBaHHsT MpoMizKHIX C'*°-byHKIIH Ha TpoMiKKax IrcI0BOT mpsamoi [4], Ha 3a-
MKHEHHUX HapaJeseninegax B R™ un Ha cenapabenbHux riabbeproBux npocropax [5]. Tyt mu
IOJIAMO Pe3yJbTaT MPo iCHYBaHHS ITpoMixKHOI gudepentiitoproi 3a Operre HyHKINT HA HOPMO-
BaHUX MIPOCTOPAX.

Harazgaewmo [6, c. 27|, mo aificanit 6anaxoBuii mpoctip X HA3WBAETHCS ACIIYHIOBUM, SKIIO
JIIST JOBLIBLHOTO #ioro cemapabesbHOTO TiampocTopy L i crnpsikeHuit 3 HuM npoctip L* cema-
pabenbauit. 30KpeMa, acIIyHI0BUM Oy/e i cemapabesbHuii aiicnuit 6anaxopuit npoctip X 3
cemapabesibHuM cipsizkeHuM X *. Mae micie Takuii pesysbrar |6, ¢. 59).

Teopema 1. /lasa cenapabesvrozo ditichoz2o 6aHax06020 npocmopy X HACMYNHI YMOGU Pi6-
HOCUNOHI:

(1) enpascenut npocmip X* cenapabesvnud (mobmo X — acnayndosud npocmip);
(i1) na X icnye dudepenuitiosna 3a Ppewe npu © # 0 Hopma, Aka exeieareHmua 0o 6uTioHot
Hopmu npocmopy X.
OcHoBoto HAIOT MOOYIOBH €.
Jlema 1. Hexati X - ditichuti Hopmosarutd npocmip 3 duepenyitiosnoro 3a Ppewe npu
1
x # 0 nopworo p(z) = |[al, @(t) = ™7 npu [t < 1ip(t) = 0 mpu |t| > 1, I = [ p(t)dt,

-1
t

Y(t) = [ (s)ds, 0 <r <R, y(t) =24% -1, g(t) = 1=1(v(1)), o € X, f(x) = g(p(x —x0))

—0o0
Ha X @ M = % Todi f : X — [0,1] - ue dugepenyitiosna sa Ppewe Gynruyia, dia Axoi
f(x) =1 npu |lx — zol| <7 i f(z) =0 npu ||z — x| = R.

3 Hel BUBOIUTHCSI

Jlema 2. Hexati X — cenapabeavruti acnayndosuti npocmip ¢ G — 6i0xpuma HENoporcHa
i obmestcerna mroocuna 6 X. Todi icnye dudepenyitiosna 3a Ppewe gynruia f: X — [0,1],
maxa, wo suppf = G.

Tyt suppf = {z € X : f(z) # 0} — HOciit hyHKii f.

OcCHOBHUM TeXHIYHHM iHCTPYMEHTOM HAIIOl IIO0OYI0BH BHCTYIIAE

Teopema 2. Hezati X — cenapabesvhuti acnayndosutdi npocmip i (U;)jes — tiozo sidkpu-
me noxpumma, uo cxaadaemovcs 3 obmescenur mmuodcun Uj. Todi icnye aokarvro crinyenme
posbumma odunuyi (p;)ier va X, axe nidnopadrosare noxpummio (U;)jes i ckaadaemoca 3
dugepenyitiosnux sa Ppewe Pynruit p; : X — [0, 1].

3 TeopeMu 2 BUILIHBAE

Teopema 3. Hexaii X — cenapabesvnuti acnayndosut npocmip, g : X — R — nanisnene-
pepena 3sepry, a h : X — R — nanisnenepepena snusy gynruyii, dan axur g(x) < h(x) na X.
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Todi icnye maxa dupepenyitiosna sa Ppewe Pynxyia f: X — R, wo g(z) < f(z) < h(z) na

X.

. Qurenbkunr P. O6mas ronosorusd. — Mocksa: Mup, 1986. — 752 c.
2. Macarwuenko B.K., Megsuuxk B.C. Ilpo piBHOMIpHE BifxujieHHS BiJ MPOCTOPY HEMEPEPBHUX

dyukuniit // 36ipauk mparns lu-ty maremarukn HAH Yxpainm, 2014, — 11, Ne 1. — C. 158-166.

. Macarwugenko B. K., Iereit C. I1. [ToroukoBi rpaHuti HerepepBHUX MOHOTOHHUX (DYHKILA Ta DyH-

Kiiit obmexkenoi Bapianii // Byk. mar. xypHu. — 2015. — 3, Ne 2. — C. 64-T71.

. Macarwuenko B. K., Macarouenko O. B., Mensuuk B. C. [cHyBaHHS TPOMIXKHIUX KYCKOBO JIHIHHIX

Ta HecKiHdeHHO jaudepennifiopunx dyHukiii // Byk. mar. xypH. — 2016. — 4, Ne 3-4. — C.93-100.

. Macmrouenko B. K., Mempauk B. C. [Ipo mobynoBy npomikuaux mudepeHiiiiopanx byHKIi //

Bceeykpaluchka mHaykosa kougepenis “Cydachi mpobjemu Teopil HMOBIPHOCTeH Ta MaTeMaTH-
groro anaizy” (Bopoxra 22-25 sjrororo 2017 p.): Tesu momnosizeit. — Isano-®pankisesk: IBH3
“Ilpukapuarcekuii war. ya-T iM. B. Credanuka’, 2017. — 140 c.

. Deville R., Godefroy G., Zizler V. Smoothness and Renormings in Banach Spaces. — Longman

Scientific & Technical, 1993. — 359 p.
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OJHOCTAMHO JIEAb HEIEPEPBHI ®YHKIII TA
V3ATAJIBHEHHST OJIHIE] TEOPEMUY CEPIIIHCBKOIO

B. K. Macawuenko, O. 1. @ininuyk
YepuiBenpkuii Haniona banii yaiBepcurer imeni [Opis @enpkoBuaa, M. YepHinii
v.maslyuchenko@chnu.edu.ua, o.filipchuk@chnu.edu.ua

B. Cepunincbkuit |1] BusiBus, o napizno nenepepsui dyukiii f, g : R? — R 6y1yrhb piBHumu,
AKITO BOHWU 30iraloThecd Ha JesAKiil Bcioan mminbHiil B R? Muoxkumi. Bigomi amciaenni ysaraab-
Henns nanol Teopemu (nuB. [2,3| i BKaszamy tam jgireparypy). ¥ mpami [4] Oymo anomcoBano
TeoOpeMy IIPO CTAJIICTH Hapi3HO HenepepBHOI (PYHKIII i 3ayBazkeHO, IO 3 Hel Oe31mocepeIibo BH-
IINBAE TeBHe y3araabHenHsa Teopemu Ceprincbkoro. Po3BuBatoun 3HalIeHUI aBTOpaMU CIIOCIO
JIOBEJICHHS TEOPEeMH PO CTaIICTh, MOKHA OTPUMATH HOBE y3araJibHeHHS, 3 KOO BUILJIMBAIOTH
yCl Totmepe;THi.

OCHOBHUM MOMEHTOM € BBEJIEHHS TMOHSATTS OTHOCTANHOI Jieh HellepepBHOCTI ABOX Bigobpa-
JKeHb, 10 PO3BUBAE IMOHATTS OJIHOCTaHOI KBa3iHemepepBHOCTI, 3ampornonosane C. KeMmictum
v [5]. Bimobpaxenus: f i g, siki Ait0Th MiK TomoJgoriqHuME mpocTopamMu X 1 Y, HA3HBAIOTHCS
0dnocmatino aedo HenepepsHuMU, SIKINO Jyist goBlabaux okoaiB V i W rouok f(x) 1 g(x) y upo-
cropi Y icuye rtaka Binkpura Henopoxus MuoxkuHa U B X, mo f(U) C Vi g(U) C W. Kpim
TOTr0, iICTOTHOIO ¥ HAIITOMY y3araJibHeHHI € BJIACTHBICTH CJIA0KOT TOPU30HTAILHOI KBa3iHenepeps-
HOCTI [6], SiIKy MarooTh He TLIbKM Hapi3HO HemepepBHi DYHKIGL, a i ix anamoru — K C-pyHKil i
K;,C-dyunkmii.

Teopema. Hexati X — 6episcokutl npocmip, Y — monoasozivnutll npocmip, Axul Yy Kooic-
HIT MOouYT MAE HE OLAbUL, HINC 3AIUEHHY NOKAABHY Ncesdobady, Z — ypuconosut npocmip,
f,9: X XY = Z — crabko 20pusonmanvto k6a3iHenepepehs 61000pasrcents, AKi HenepepsH
sidrocHo dpyzoi 3minnol i@ maki, wo daa kootcnozo y € Y eidobpascenna f, = f(-,y) ma
gy = 9(-,y) odnocmatino nedv nenepepeni, E — ectodu winrvra nidmmoscuna dobymry X X Y i
fle=glg. Todi f =g.

Harajaemo, 1o mpoctip Z Ha3UBAETHCSA YPUCOHOBUM, SIKIINO I JOBLILHUX HOTO Pi3HUX
TOYOK 21 1 29 icHyIOTH 3aMKHeHi okosn Wi i W, Taxi, mo Wiy N Wy = 0.

1. Sierpiniski W. Sur une propriété de fonctions de deux variables réelles, continues par rapport a

chacune de variables // Publ. Math. Univ. Belgrade. — 1932. — 1. — P. 125-128.

2. Piotrowski Z., Wingler E.Y. On Sierpiniski’s theorem on the determination of separately conti-
nuous functions // Q&A in General Topology. — 1997. — 15. — P. 15-19.

3. Muxaitmrox B.B. Tomosorist Hapi3Hol HemepepBHOCTI Ta onHe y3arajbHeHHsi Teopemu Ceprin-
cekoro // Mar. cryaii. — 2000. — 14, Ne 2. —C. 193-196.

4. Macawuenko B. K., @ininuyk O.l. Pozpusu Hapi3zHo HenepepBHUX BiIoOpaKeHb 3 HE OLbII,
HI>K 3JI{YE€HHOI0 MHOXKUHO 3HadeHb // Mixknapojsa naykosa KoHdepennis " TudepenrianbHo-
dbyHKIIOHAJBH] PiBHAHHA Ta 1X 3acrocyBaHHs", mpucesuena 80-piuuio Bijl JHA HAPOJIKEHHS
npod. M.II. Jlenioka, 28-30 xoBTua 2016 p., Yepnismi: marepianun kondepenrii. — Yepwibiii,
2016. — C. 168-169.

5. Kempisty S. Sur les fonctions quasi-continues // Fund. Math. — 1932. — 19. — P. 184-197

6. Hecrepernko B.B. Cinabka ropusonranbua kBasinenepepsricts // Mar. sica. HTIIL. — 2008. — 5.
- C. 177-182.
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EKCTPEMAJILHA 3AJAYA [TOMIIEA-JIAHIAV-CACA 1JI51

OBME>KEHUX I'OJIOMOPPHNX (DyHKLHIZ B BIKPVY3I
1. FO. Mepemens
Akazemist pekpealiifHux TexHoJOrIH i mpasa, M. JIyIbK
irameremelya@qgmail.com
Hexait D? := D x D = {(21,22) € C? : |z1| < 1,|22| < 1} — oaunuunuii Gikpyr, T? =
{(21,22) € C? : |z1]| = |22| = 1} — xicrak Gikpyra D?, B(D?) - knac dbynkuiit f, ronomopduux
B Gikpysi D?, mst kux sup,, yep2 |f(21, 22)| < 11 wexaii

1 8k+lf

f = ——— (0.0
T k! z!azfazg(’ )

— Koedimientn Teitnopa dpyHKIil f.
Excrpemansroio 3agadero [Tommes—/lanmay—Caca misg 6iKpyra Ha3uBaTHMEMO €KCTPEeMAaJThb-
HY 3a/a49y PO OOYUCIAEHHS TOYHOI'O 3HAYEHHS BEJIUINHN

sup§ | Y prafea| 1 fEX B

(k,D)ey

ae {pg, ) — IBOKpaTHA KOMILIEKCHA TTOCJLIOBHICTD, Y — JedKa CKIHYeHHA MMiIMHOKHHA Zi, aX
— nesaknit miaknac B(D?), a Takoxk 3a1ady PO 3HAXOIKEHHsS €KCTPEMAJbHUX €JIeMEHTIB, Ha
SIKHX JOCATAETHCS I TOUHA BEPXHS MerKa.

Buaiigeno poss’si3ok 3aaa4i [Tomnes—Jlangay-Caca y sunagky, koam v = {(0,0), (0,1), (1,0),
(L)} i g =20 oy, i = 1.

Teopema. Hezaii p1,p2 € C i |p1| + |p2| < 1. Todi

max{‘2(p1p2]%,o + Plj?l,o + pzﬁJ,l) + J/f\l,l 1 fe B(DQ)} =

= |p1]> + |2 + 1.

Maxcumym docazacmues das pyrruii

ﬁlzl + EQZQ + 2122
z ,Z = —
fphpz( 1 2) D129 + pazi +1

=pa+hz+ (1= |p* = lpaf)zize + ..
Hacmaigok. Maroms micue pisrocmi
sup{ Jio| + ‘fO,l + [ fia|: f € BO(D2)} =

_ sup{‘ﬁwrﬁ),l +f1,1’ L f€ BO(]D>2)} _

1 ~ N N N
= SUP{'§f0,o + fio+ foa + fia

[ € B(]D2)} = g

de BO(D?) := {f € B : foo = 0}.
Towni seprmi meorct docazaomuca 1a nocaidoenocmi Gynkuit { for p }ipi+1pal<1-
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[IPO ACUMIITOTUYHO MANMYKE I[TEPIOJINYHI PO3B’dA3KU
PIBHAHDB 13 SAIIISBHEHHAM
FO. M. Mucao, B.I. Tkauenko
YKTopoJICbKUl HAIIOHAJLHUN YHIBEPCUTET, M. Y KIOPOJ,
Iacturytr maremaruku HAH Vkpainu, m. Kuis
Julia.pah@gmail. com

Posrisiaernes cucrema gudepeHIfiajibHuX PiBHAHD 13 3aIM3HEHHAM Ta HeIKCOBAHUME MO-
MeHTaMH{ IMIYJIbCHOI il

i(t) = f(t,z(t), z(t — b)), t # m(2(t)), (1)
x(t+0)=x(t) + (z(t), t=m(x(t)),k€Z, (2)

jge x € R" h > 0. ImnysbcHa Jiig BiOyBa€ThCd NPU JOCATHEHHI PO3B’d3KaMU [OBEPXOHb
'y ={(t,z): t =m(x)}, k € Z, axi pisaomipuo Biggineni oxgma Bix inmoi.

Yepes PCk(J, R™), J C R no3HauuMo mpocTip yeix KyCKOBO-HemepepBHUX (byHKIIi
r:J — R" takux, mo

i) muokuua T = {t; € J : tj41 > t;,j € Z} pospusiB byHKII] & He Mae CKIHIEHHIX
IPAHUYHUX TOYOK;

ii) dpyuxuii Henepepsni 31iBa z(t; — 0) = x(¢;) i icayors rpannmi . thJlrom(t) = z(t; +0);
—tj

iii) dynkmis z(t) rnagka xracy C* wa muoxuni J \ 7.
Posrasnaemo cucremy (1), (2) 3 Takumu ymMoBamu:

(H1) ITosnaunmo U, = {z € R" : |jz|| < p}, ne p — mesike gomarne uncio. Ipumycrumo,
o mocaiaoBHicTh {7} dynkmiit iMmmynscnol mii 7, : U, — R mae piBromipHO Maiizke mepio-
JUYHI TTOC/ILI0BHOCT Pi3HUIB piBHOMIpHO BinnocHo = € U, iicnytors 6 > 01 © > 0 Taki, mo
inf, 741 (x) — sup, 7(z) > 0 i sup, Tp1(x) —inf, 7(2) <O mna scix x € U, i k € Z.

(H2) ®@ynkuia f(t,z,y) maiizke nepiogmana no t i gimmmnesa mo z,y € U, 3i cramomo
Ly> 0 [[f( a1, 51) = f(t 22, 2) || < La(ller — a2l + [lyr — w2l])-

(H3) Bexrop-byukmii /; : U, — R” minmurnesi no € U, 3i cranoo Ly > 0. Ilocainosrocrs
{I;(x)} maitxe nepiomuana pisHOMipHO BimHOCHO T € U,

Teopema. IIpunycmumo, wo MoN,+Ny < 1,de My = sup ||f(t,z,y)|, a N1 € cmaaoiwo
teR,x,ycl,
Jlinwuysa 0aa noseprons IMNYAbCI6

I7j() = 7(W)| < Nillz —yll, j € Z, 2,y €U,

Hezaii pose’asow £(t) cucmemu (1), (2) npu eciz t € [0,00) nanesrcumo U, i e pieromipro
acumnmomuuno cmitikum npu t > 0. Todi £(t) acumnmomuuno w-mativice nepioduunud, a
cucmema (1), (2) mae w-matioice nepioduunutd po3e’s3ok, AKUGL € ACUMNIMOMUYHO CMITKUM
npu t > 0.

1. Myslo Y.M., Tkachenko V.I. Global attractivity in almost periodic single species models //
Functional Differential Equations. — 2011. — 18, No 3-4, — P. 269-278.

2. Tkachenko V.I. Almost periodic solutions of evolution differential equations with impulsive acti-
on. Mathematical Modeling and Applications in Nonlinear Dynamics. — New York: Springer,
2016. — P. 161-205.

3. Samoilenko A. M., Perestyuk N. A. Impulsive differential equations, World Scientific, Singapore,
1995.
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[TPO ACUMIITOTUKY ¢-TIOJIIHOMIB BEPHILITENHA HA
CTEIIEHEBX ®OYHKIIAX
. A. Haiiko
Binnunpkuii Harionaabuuit arpapuuii yHisepcurer, M. BiHHUISA
dmnaiko@ukr.net

Hapenemo o3nauenus g-mosinomis Beprinreiina, Beegennx @inincom [1] y 1997 pori.
s g > 0 ta 6yab-gaxkoro n = 0,1,2, ... BU3HAYAIOTbCA YUCIA

], =1+q¢+..+¢"" (neN), [0],:=0;

q

_ —0 " = ],/
[n],! = [1],[2],.-[n], (n€N), [0],!:=0; {] = 0<k<n.

Oznauenns. Hexat f € C[0,1]. Todi nosirnom

k’ n—1—k
W(f, @) Zf(n ){Z] " H (1-¢°x), n=12,..

s=0

HA3UBAEMBCA q-NoAtHoMOM Bepruimetina.

dxmo g =1, o B,(f,q; ) — knacuunuii MHOTOWIeH BepHiTeiina.

[pu 0 < ¢ <1 B,(f,q;r) € nogaraum JinilinuM omeparopom Ha [0, 1].

Y punasky ¢ > 1 @ininc [1] nokasas, mo B, (t*, ¢;2) = v*+x(1—x)/[n],. Hacrynna teopema
y3araJjbHIO€ IIeil pe3y/bTar.

Teopema. Ilpu gircosaromy i € N q-noainom Beprwmetina B, (t', q;x) mae maxe acum-
nMOMuUYHe NOOGHHA.

p—1
B,(t' q;x) = 2' + Z Z (—1)PT™ 2P S, (i, p) [51] -~ [Spm—il
q p=i—m (317-~~;3p+mfi)
7 . p—1
de A (i, q,x) == S (=1)P"™ 2P S (i, p) - > [s1] -+ [8p+m—il, me saneocamv 6id n, a

p:i_m (31a~-~75p+m—i)
dynruii S,(i, j) 3adososvnarome pexypenmue cnieeidnowerHA

Sqli +1,5) = 546,57 = 1) + 114540 5),

de S,(0,0) :=1, S,(:,0) :=0 npu i >0, Sy(¢,7) :=0 npui < j (dus. [2]).
1. Phillips G. M. Bernstein polynomials based on the g-integers // Ann. Numer. Math. — 1997. —
4. — P. 258-264.

2. Haiiko JI. A. Tlpo mesiki ampokcuMariiiifi BIACTUBOCTI @-MApPaMETPUIHUX MHOTOUYIEHIB bBepH-
mreitna // 36ipauk mpars Ia-ry maremarukn HAH Ykpainu. — 2016. — 13, Ne 2. — C. 214-226.
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HABIMYKEHHSA MMEPIOANYHUX AHAJIITUYHUX OVHKIIN
ITOBTOPHUMU JITHINHUMU CEPEJHIMU BAJIJIE [ITVCCEHA

0. O. Hosgikos, O.T. PoBencrka, FO. O. Ko3ayenko
Jloubacekuit gepzxaBuuii negaroridauii yaisepcuret, M. CJI0B THCBK
sgpi@slav.dn.ua
Hexaii L — muo)uHa 27-niepiognvnux, cyMoBHuX Ha [—7; m| dynkuiit. Hexait ¢ (k) — dikco-
BaHa mocaifoBricTh aificaux gucesa i f € R. Hacaigyoun O.1. Crenanng [1], yukuii f € L,
dka Mae psaj Pyp'e

% + ;ak cos kx + by sin kx,

S[f] =

SKIIO 1€ MOXKJIMBO, IIOCTABUMO Y BiJIIOBIIHICTH (DYHKIIIIO fg, Jist Aol psaji Pyp’e Mae BUTISAT
Z o0k (ag cos(kx + pr/2) + by sin(kz + f7/2)) .

MHOXKHHY HelepepBHUX (DYHKINA f, gKi MalOTh TaKy HOXIJIHY f;f, Mo esssup| féb (x)| < 1, mo-

3HAYUMO Cg,m- Hexait ¢ € (0;1). Yepes D, nosmauumo MHOKUHY mociaigosrocreit 1 (k), sxi
P(k+1)
(k)
cs1 B poborax O.I. Crenanmsa, A. C. Cepmioka, B. 1. Pykacosa, C. O. Haiiuenka Ta iHIIKX.

[Toasifini meroan Base-Ilyccena st Bunajaxky p; < po 33/1al0ThCS CIIIBBIIHOITEHHSIM

3aJI0BOJIBHAIOTH YMOBY lim = q. Iluranns nab/uzKeHHs KJIaciB Cg’oo, Y € D,, Bupdann-
k—o00 ’

n—1

k n—1
Vn(2 Z » Z Sm(f,z) = %—1—Z)\,(fn)(ak(f)coskx—l—bk(f)sink;x),
= 2 k=1

lcnp1 m=k—p2+1

e
, I1<k<n—p —p+1

1
1 — Gmndpitpa)bondpiipo=l) )y 4 ] < k< m— py;
1
1

1D2 )

(n) _ 2p
A = _ 2k—2n42paipi—1

; n—p2<k<n-—p;

2p2
_ 2p1ip2—(n—k)(n—k+1) N .
T . n—p <k<n-—1.

Teopema. Hexaii ¢ € (0;1), ¢ € D,, p € R. Todi 3a ymosu n — p; — ps — 00 BUKOHYEMBCA
ACUMNIMOMUYHA POPMYAG

8¢(n —p1 — p2 +2) < 4q %@>
E(CY ., V) = I1 ; +
(Choer Vi3) mpip2(1 4 ¢)? (1+¢?* 1+g¢
n —p1— pZ) @Z)(n —pP1— pZ)qp @b(n — D1~ p2)5n—p1—p2+2
2 3 + 2 ’ (4)
n—2p (1—q)* p?(1 —q) (1—9q)
€ Epy = SUPj>,, ‘ (kH
du

\w\a

II(n;k) =

(1 — nsin® u) V1= k2sin®u

— NOBHULE EAITNMUMHUT tHME2PAA MPEMBO20 POY.
1. Crenanen A.W. Kjraccudukaius u npubiuxkenus mnepuojmaeckux gpyukiiii. — Kues: Haykosa
aywmka, 1987. — 268 c.
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JIESIKI TIIAXOW 1O PO3BUHEHHSI ®VHKIIN B JJAHLIOTOBI
APOBU
M. M. TIlaripsa
MyxkauiBchbKuii Jiep:kaBHuil yHiBepcuTet, M. MyKadueBo
pahirya@gmail.com

Binomo, mo anagiTuyuny (QyHKIIIO KOMILIEKCHOI 3MiHHOT MOXKHA HaO/IMKyBaTH GaraTodie-
HOM, y3arajbHeHuM GaraTod/eHoM, anpokcuManToio ITaje abo Jsranmorosum jpodbom. Icnye Je-
KiJIbKa c1oco0iB OTpUMATH PO3BHHEHHS (DYHKIIT KOMIIEKCHOT 3MiHHOI B JIaHIIOrOBi j1podu. Ce-
pell HuX MeToJ Jlarpanzka JIJisi OCHOBHOT'O JupepeHIiaabHOro piBHIHH PikkaTi, mobymsoBa Bij-
HMOBITHOTO CTEMEHEBOMY Psily MPABUJIBHOIO JaHIIOroBoro C—apody, npejcraBienus: (pyHKITi
y BULIJIS/ BijJiHOIIEHHS TinepreomerpudHux pyukmiit, merosn BickoBaroa tomo. [ng po3su-
HeHHs (DYHKINH B JAHIIOTOBUI Apid TaKOXK BUKOPUCTOBYIOTH (popmyny Tine, sika € aHAJIOTOM
dbopmysu Teiitopa B Teopil JanmoroBux Jpo6is [1].

JloBeneHi HOBI BJIACTHBOCTI 110 obepHeHHX moxiguux Time, BcTaHOBIIEHI mpaBHia obepHe-
Horo JudepenuioBantg 3a Tijie, orpumani po3suneHHs GyHKIii B jianmorosi jgpodu Tine Ta
BU3HAa4YeH] 00JacTi 361KHOCTEel OTPHMAHUX PO3BUHEHb [2].

Yzaraabuena gopmyna Tinge g KBazi—0bepHeHUX JIAHIIOTOBUX JPO0IB, dKa I'PYHTYETHCS
Ha 00epHEHUX MOXIJIHUX 2-T0 Tuiry. OOrpyHTOBaHI BJACTUBOCTI 0OEpHEHUX HOXITHUX 2-TO THILY,
BCTAHOBJICHI B3a€MO3B SI3KH OOEPHEHUX MOXiJHHX 2-T0 TUIY i3 obepHeHuMu moxiguumu Tine
Ta "3uuaiinuvu’ noxigHEMHE QYHKIII, a TAKOXK MpaBUIa 00epHEHOro Nu(epeHIiioBAHHI 2-T0
THILy, OTPUMaHi PO3BUHEHHS JAedKUX (PYHKI B KBa3i—00epHeHI JIAHIIOTOBI japodu 1 BKazami
obacti 3612KHOCTI OTPUMaHUX PO3BHUHEHb 2, 3.

1. Thiele T.N. Interpolationsprechnung. — Leipzig: Comm. von B.G.Teubner, 1909.

2. Iarips M. M. Ha6mmkenns (yHKIiH JTaHmorosuMu apobamn. — Yxropom: I paxkia, 2016, —

412 c.
3. Pahirya M. M. Expansion of function z In z in the quasi-reciprocal continued fraction // Internati-
onal Journal of Advanced Research in Mathematics. — 2016. — No 7. — P. 1-9.
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HAMKPAIII HABJIUYKEHHSA KJIACIB 3IrOPTOK

V3ATAJIBHEHUMU CIIJIAMHAMU
H. B. ITapdinoBuu
JlainpomerpoBebkuit Harmonaapbuuil yHiBepcuteT imeni Ogecs Tongapa, m. JIainpo

Hexait C'i L, — npoctopu 2m-nepiognunux dynkuniit f : R — R 3 Bignosiznumm HOpMaMn

| -lleill-llz, = |- [lp- Haiixpame nabamxenns knacy dbyukniit M C L, mooxunoio H C L, B
merpuni L, noznaanmo gepes E (M, H),, a nonepeunux Konmoroposa nboro xiacy B L, depes
dn(M, Ly).

Broprky K * ¢ dyukuii K € Ly (aapa 3ropTku) i ¢ € L1 03HAYNMO PIBHICTIO

2

(K»@)a) = [ Kl =)o) dr

Hna snpa K noknagemo p = u(K) =1, axkmo K111 g = pu(K) =0 B CyIpOTUBHOMY BHIIAJKY.
Axmo 3amani gsapo K i muoxkuna F' € Ly, 1o yepe3 K % (p mo3Ha4UMO KJaac OYHKINNH BUTJISLY
f@)=au+ (K*p)(x), o€ F, olu, a€R.

Henepepsue Ha (0, 27) sapo K, 10 He € TPUTOHOMETPUYHUM HOJIHOMOM, OYIE€MO HA3UBATH
CV D-anpom (K € CV D), axmo v(ap + K * ¢) < v(p) ans posinpanx ¢ € C, ¢ lu, a € R
(v(g) — KinbKicTh 3MiH 3HAKY 27-TIepioauyaHOl DYHKIT g Ha mepioi).

st veBig'emuol dyukuil f € Ly mosnauumo depes r(f,t) HecnaaHe nepecTaBIeHHs 3BYKe-
uHst GyHKIil f HA mpomixkok [0, 27]. ko g-moBinbHa dyHKIis i3 Ly, TOKIAIEMO

H(g7t) = T’(g_,_,t) - T(Q—: 2m — t)'

Muoxuny F' C Ly nazsemo Il-inBapiantuoio, sxmo 3 f € F i Il(g) = II(f) suniusae g € F.
Hexait ngm (n,m € N, k = 1,2) — upocropu 27-nepiojn4nux CILIaiiHiB HOPSAKY M Jie-
dekry k 3 Bysmamu B Toukax kjm/n, j € Z, a @, o(t) = signsinnt, ¢ € R.

Teopema. Hexaii n,m € N, K € CVD, F — dosisona Il-ineapianmna muoscuna 2m-

neptoduunux Gyrruii. Todi

2
E(K*F,K 83, )1 = sup/ I(f, )II(K (=) * @no,t) dt.
fEF Jo
flip

Pesyabraru i€l TeopeMu 1oKa3yoTh, 110 npocropu K *S%nvm pa3om 3 rpocropamu K x Szlmm €

eKCTPeMATBLHUMHE JIJIsT TIONePedHUKIB do, (K * F, Ly). Pedynbrartu, 1mo cToCyr0ThCsa TaKuX HabIH-
JKeHb y BUMAJKY, Ko K-sipo BepHysuti, a Takox icropist muranus BukJaaseni B [1], crocoBro
nabmmkens knacis K+ F' (K € CV D) npocropamu K xSy, . mus. [2].
1. Babenko B. ®., [Tapdunosra H.B. O ToOUHBIX 3HaUEHUSIX HAWUIYIMIUX TPUOIMKEHUN KJIACCOB
nudepeHIpyeMbIx epuoandeckux dbyukimii crraiinavu // Marem. 3amerku. — 2010. — 87,
Ne 5. — C. 669-683.
2. Ba6enko B. @. [Ipubimxkenne kaaccos ceprok // Cub. mar. xypH. — 1987. — 28, Ne 5. — C. 6-21.
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CﬂLZLH YBATAJIbHEHNX [TOTEHUIAJIIB
B.TI'. Ilenemenko, T. M. CeMmupenko
JHinponeTpoBchbKuil JIepzKaBHU arpapHO-eKOHOMIYHUi yHiBepcuTetr, M. J[Hilpo
dsaupelesh@mail.ru, semirenkot@mail.ru

Hexaii qepe3 £ (0, 00) MO3HATAECTHCS CHMETPUIHUI MTPOCTIP (DYHKIII, 38 JaHUX HA MBIPSIMii
(0,00), 3 dyumnamentaaproo GyHKIiew ¢p(t), 0 <t < oo.

Yepes X 1o3ua4nMO 1IPOCTIP 3 JOAATHOIO MIpoto f. /Ijis KOXKHOT BUMIpHOIO 3a MIpOIO [4 HA
X byuxuii f gepes ps(t) = p{r € X : f(x) >t} (¢ > 0) nosnavaerbes GyHKIig po3moOAiLy i
uepes f MO3HATAETHCA HE3POCTAI0YA TIEPECTAHOBKA M€l (DYHKII, AKa 3a/1aHa Ha (0, 00), To6TO
fu(s) =t inf {t € (0,00) : puf(t) < s}. Hami, wepes F(X) nosnauaeTbcs cUMeTpPUIHHUIL POCTIp
BUMIpHUX 3a Mipoto p Ha X (PYHKIIH 3 CKIHUEHHOK HOPMOIO HfHE(X) = ‘ I E(0.00)"

Hexait X 1 Y — mpocTtopm 3 BiAMOBIIHO AOJAaTHUMHU Mipamu [ Ta v. llodHaumMo depes
EX = E(X)i FY = F(Y) cumerpuuni upocropu.

Honarna mipa pu na R™ € po3mipuocTi a, gxito jj1s 6yab-gaKoi KyJii K. pajiiyca r BAKOHYETbCS
uepisuicts p (K,) < C (p)r?, a crana C(p) 3amexkutsb Tiapkn Big p. Hexait k (z,y) = m,
e g : [0,00) — [0,00), g(0) = 0; nokazuuku posrsiryBanHs dyHIaMeHTAIbHOT bYHKIH 0 <
vy < 8y < migspocrae. g mipu p nosnadumo cumsoiom Hi(p) mpoctip dbyukuii u, nogammx
y BUTJIAT

u(y) = /k;(:c,y)f(:c)dx,

ne dynkuisa f € EX.

t
lloknanemo u)*(t) = % f w}(T)dr. Mae Micrie HacTymHa TeopeMa.
0
Teopema. Hexati X =Y = R” [ € MIPG POSMIPHOCTE A, MIPG V — po3mipHocmi b,
0<v,<6, < a. Hexat ¢(t) = () daat > 04 ¢(0) = 0, GX — maKull cumempuyHul
gl (t
npocmip 3 nwopmor || fllox = ’ I G000y WO 0NA 2PaHUYb PO3ZMALYSANHA PYHOAMEHMANLHOT

Pynruii ¢a npocmopy @(0, 00) BUKOHYEMBCA HEPIBHICT
(5¢ < Yoa < 5¢@ < 1.

Todi icnye maxa cmana C > 0, wo das ecaxoi f € GX euwonyemves nepisnicmo

o ()] (#) |y < €17 Ol

Hacainok. Hexati X =Y = R", u e mipa posmipwocmi a, mipa v — posmiprocmi b;

g(t) =t""%, de 0 < a < n. Hexat L,(0 oo), de p > 1 — npocmip Jlebeea i L,,(0,00) — npocmip
00 B P

dyrruits h(t) s nopmoro |[hl, o o) = {qz(q —1) of [h** ()] ta 1dt} - Arwo L) = Ly(X) ma

v . : ._
L, ,(Y') — npocmopu eidnosiono s nopmamu HfHLg = !

*
f# Ly (0,00)
n—a=45+ g (v = ]%), mo icnye maxa cmana C > 0, wo das ecaxoi [ € Lg( BUKOHYEMBCA

HEPIBHICTND

ma Jullyy = il .

HU;HLW(OM)— Hf )HLP(O,OO)'
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3AJIAYA KOl 1 A-TE®OPMAIIIS TTOBEPXHI 31
CTAOIOHAPHUM CEPEJIHIM I'EOAE3MYHNM CKPYTOM
T. IO. ITogoycosa', H. B. Bammnanosa®
'Onecpka gep:kaBHa akagemia OyniBHIITBa Ta apxiTekTypu, M. Omxeca
2QnechKa HallioHATBHA aKaZeMis XapyoBUX TexHojoriii, M. Oneca
tatyana_ top@mail.ru
Bimomo [1], mo Ha Oymb-sKiit peryiagphiii moBepxHi S y J0BibHIN ToUIi icHYEe cepemHiii
PeOJAe3UYHUNA CKPYT, AKAN Ma€ IpeJICTaBICHHA

P11922 — 2p12912 + P22911
g11922 — 9%2

J€ Gap, Pap-KoedilienTn nepmoi Ta yerBepToi KBaaparndanx dopm S BiAHOBITHO.

O06’exToM mocikenHst € A-nedopmaliisi peryaspHOl TOBepxXHi, 3aaHa y E3-mipocTopi pis-
HaHHaAM T = 7(z!, 2%), mo He 3MiHIOE cepeJHill reoIe3HYHI CKPYT.

MatemMaTuana MojaesIb M€l 3aga4di: audepeHIiabie piBHIHHS IPYToro HOPsIKY 3 YaCTUH-
HUMU IOXiHMMHU BijHocHO Hesigomoi dynxuil u(zt, 2%) € C?:

ol H H ol H,
ko aspk a kspo sak aspk
— 4+ (= | b+ —=b —p T | =—+ | — | *bu=0.
ot (i) 0 T =) gl () o
OTrpuMaHo HACTYIHUI PE3y/IBTAT.

Teopema. Byov-axa peeyasapna noseprma S waacy C* nenyavosuxr nosnoi ma cepednvoi
KpueuH 6e3 OMOILAIMHUL MOY%OK NPU HACTNYNHUT YMO6aT [2]

op
Hlarmgen = 0(@), F5lagen = Fla')

oOH =

Y

donyckae Hempusiasvhi A-dedopmayii i3 cmauioHapHUM cepedHim 2eodesudrum crpymom. Ter-
30PHI NOAA BUPAACAIOMBCA wePe3 061 D0GLALHE GYHKULE KodCHa 810 00MHIET 3MINHOT Ma PYHKUTIO
p(zt, x?) € C*(u #0), axa € po3e’askom pieHAHNA

o

ol o
b
* Ox?

+a
Ox10xz? Ox?
de a,b, c-6idomi hynruii moury noseprHi.
Hacaigok. Ilpu nempusiaivhiti A-dedopmanii peeysaproi nosepri 6e3 omoOIATYHUL MO-
YOK 13 CMAULOHAPHUM CEPEIHIM 2€00€3UMHUM CKPYMOM 30EPieaombea d08oHcunY AiHIT 2eode-
3UYH020 CKPYMY.
Chix Bim3HaYMTH, IO KOXKHA HeTpuBiaabHa A-medopMaliis IMOBEpXHi, IO He 3MIHIOE ce-
peJiHii reole3nIHUN CKPYT, OMUCye O€3MOMEHTHUN HalpyKeHHil cTaH piBHOBATH OOOJIOHKHU 3
IIOBEPpHEBUM HaBaHTazKCHHAM

+ep =0,

X = (po‘ﬁ% + Hacﬁo‘,u) T3.
Buaiigeno reomerpuunuii 3micr dyuxuii p(xt, z?).
[IpoBejena imocTpallisd pe3yabTaTiB Ha KOHKPETHUX TTPUKJIAIAX.
1. Bammanosa T.}O., Beskoposaiina JI.JI. LGT-ciTka nosepxni ta 7i ractusocti // Bicank Ku-
iBcpkoro Har. yH-Ty iM. 1. [lleBuenxa. Cepis: ®iz.-mar. mayku mayku. — 2010. — 2. — C. 7-11.
2. Komskos H. C., Daunep 9. 6., Cyvupros M. M. YpasHeHUs B 9aCTHBIX TPOU3BOTHBIX MATEMa-
Tuaeckoit pusukn. — Mocksa: Bricias mkosta, 1970. — 712 c.
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[IPO OKPV>KHICHY CHJTAI;IH—IHTEPHOHHLH}O
I[IJIOCKNX KPVBUX
O.B. Iloaskos, O. M. Bakapuyk
JlainpomerpoBebkuit HarmonaapHuil yHiBepcuter imeni Osecs Tonuapa, m. JIainpo
ov_ polyakov@mail.ru, alexeyvakarchuk@yandex.ua

[Turanug HAOJMKEHHS MJIOCKUX KPUBHUX ITOJIHOMIAJIbHUMHI KPUBHUMHI Ta CILIAiH-KPUBUMU,
YTBOPEHUMH 3a JIOIOMOIOI0 JIyT Kii, B pi3Humii wac Bupdasuch bi. Cemmosum, B. IlomoBum,
M. I'. Hixosraesoro, FO. C. 3ap’ssiopum, B. O. Jleycom, B. A. Ckopocne1oBuM Ta, iHIIHMH.

Hexait v — 3aMKHeHa T/a)IKa OMyKJa KpHUBa, dKa MPOXOINTh depe3 Toukm Fy, Py, ..., P,
(Po=P,); P;Pj+1 — Biapizok, mo 3’eanye touku P; ta Pjiq, |PjPj11| — fforo nosxkuua; fa; 1a
Boj+1 (7 =0,1,...,n—1) — rocrpi Kyru Mizk foTHIHIMHI 10 7 B Toukax P; ta Pj1 Bigmosinuo i
MPSAMOIO, TKa MPOXOIUTH Yepe3 HUX. 3ampOTOHOBAHO HOBUIA TAXiT 10 MOOYI0BU IVIaaKOl iHTEP-
HOJSITIRHOT KpUBOT A(7), IO CKIAMAETHCS 13 AT KT 1 TpoxoauTh depe3 Touku Py, P, ..., P,_q
Ta Ma€ B HUX Ti K JOTHYHI, IO i KpuBa 7. Takok 06YMCIEHO OMIHKU MOXUOOK IHTEPHOJISINT ¥
xaycjopdosiit merputil py. HaBejieMo ojiun 3 orpuMaHux pe3y/ibTaTis.

Hexait [(P;jPj41) (j = 0,1,...,n — 1) — nosxumna nafiMenmol gyru, mo 3’eamye To9kn P
ta Pjiq; I(y) — noBkuHa KpuBoi 7;

max {Z(P]PJ+1>/|PJPJ+1‘ j = 07 17 ey T 1} < k? (1)

ne k > 1 nesgke 3aane 9ucao.

BpaxkaeMo, 1110 Ha KpuBiil 7 3ajlaHa HATYpaJbHa MapaMeTpHu3allid, TOOTO 7y Ma€ mmapame-
Tpuune piBugnug r = x(s), y = y(s), ge 0 < s < (7). Hexait Gyl z ta y € HemepepBHO
mudepenriiiopanuvu ua [0, [(7)]. Ilozmaamvo

|An(’7)| = maX{|Pij+1| :7=0,1,....n — 1};

1/2

G(7) = { (max {|o'(5)] - 0 < s U }P)* + (max {ly (s)] : 0 < s UMY}
F(t,7) =tg(t)/(1 4 sec(t) + tg(t) cosec(T) + tg(t) ctg(T));
K = max{F(Bs, f2j+1) : 7 =0,1,....,n — 1} + G(y)k.

Teopema. Hexati v — dosiavha 3amEHena 2aa0KG ONYKAG KPUBE HG NAOWUMNIL ¢ i1 po3bummasa
Ha n wacmun mowkamu Py, Py, ..., P, (Py = P,) 3adosoavnac ymosy (1). Todi eidruserna v 6id
iHmepnosayitinoi kpusoi A(7) y xaycdopdosit mempuyi 3a006804bHAE HEPIEHOCTI]

pr(Vi A7) < K- [An(v)].

1. Basbanos 0. C., Jleyc B. A., Ckopocresios B. A. Crunaiias! B uH>keHepHOit reomerpun. — Mockga:
MammnaocTtpoenne, 1985. — 220 c.

2. Huxkomuepa M.T. Annpokcumanums kpusbix Ha maockoctu // Tpyasr Mex qyHapossoit KoHbe-
pEeHTNY TT0 KOHCTPYKTHBHOM Teopuu ¢yuknnit, Bapua, 1-5 mionst 1981 r. — Codms: Boar. AH,
1983. — C. 115—117.

3. Cenmos bu., [lomos B. A. AnmpokcuManust KpUBBIX B ITOCKOCTU TTOJTHHOMUAIBHBIMA KPUBBIMHE

// Hoknaner Boar. AH. — 1970. — 23, Ne 6. — C. 639-642.
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[IPO CEPEOHBOKBAIPATUYHI HABJIMYKEHHS BENBJIETAMU

[IITEHOHA-KOTEJIbHUKOBA
O.B. Ilonakos
JlainpomerpoBebkuit Harmonaapauil yHiBepcuter imeni Ogecs Tongapa, m. JIainpo
ov _ polyakov@mail.ru

Hexaii Lo(R) — npoctip BumipHux, cymoBHEX B KBajapari Ha R dyHKIH 31 3BH9aiiHO0O
HOpMOIO || f|2-
Momynem TJ1aIKOCTi mM-TO MOPAAKY Oy/1eMO Ha3UBATH BEJTUIUHY

i(—l)m‘jC’g@f(erthz.

wn(f;t) = sup

lul<t

Binmitumo, mo wy(f;t) = w(f;t) .
Bynemo posrasgatu nocaigosaicts nianpoctopis { Vi brez mpoctopy Lo(R), siky HasupawoTh
kparHomactabuuMm anaiizom (KMA) (Bignosinni o3nadenus qup, Hanpukias, [1]).
Hexaii 3aman0 KMA | {V}, }rez SKHi TOPOIZKYETHCsST MACIITAGHOIO (DYHKIHEO gp(t):Sifr—t”. Heit
KMA nopoznzxye opronopmosani sefisnern [llenona-Korensmnkosa ¢° (t)=2¢° (2t—1) —*(t—3).
Jns k € 7 noknajaemo
B(f:Viy = jnf |If =

B po6ori |1], BukopucroByioun pesyasraru M. I. Hepruxa, 6y/10 10Be1eHO, 110 115t Oy 1b-51KOT
dbynknii f € L(R), gka He € KOHCTAHTOIO (3 TOYHICTIO 10 MHOXKHHH MipH HYJIb), i 6yab-SKOTO
HATYypaJhHOTO N Ma€ MicIle HepiBHICTh

B (Vi < e (fig) - (1)
V2 2"/,
[Tpu ubomy KoHCTanTa B Hpasiii yacru HepiBuocti (1) 3MeHiena OyTu He MOXKe.
[IpononyemMo HACTyIHI pe3y/IbTaTh
Teopema. /s dosinvhoi dynxuii f € Lo(R), axa we € xoncmanmoro (3 mownicmio do
MHONCUHY MIDU HYAL), T OYOb-AKUT HAMYPAALHULT T | M MAE MICUe HEPIGHICMb

E(fiVar)y < o (znlw s w;%<f;t>2sm<2“m>du> . )
22 0
1 1
E(f; Va- —wwm | fi5 ] - 3
13Vl < gpom (7). ®)

i mepiBHOCTI € JedKUME aHAJIOraMu HepiBHOCTel, ki BcTanosjeni B. B. ITlasaesum B me-
PIOANIHOMY BUTIQJIKY.

1. Babenko B. ®., 2Kurauosa I'. C., Hosukosa JI. C. O mepapencTBax tuma J>xekcoHa s HAMTY-
qmux Lo-mipubmizkenuii npu momornu Beiisiaer // Bicauk JIHIIpOmeTpoBCHKOTO HAIIOHAJIBHOTO
yaiBepcurery. Cepia Maremaruka. — 2006. — C. 3-8.
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[IPO PIBHOMIPHY 3BI2KHICTE PAAIB OYP’E€ J10 (¢, 5)
[TOXIJIHUX
OJiena Paasiescbka
Hanionayibuuii yHiBepcuTeT Xap4oBUX TeXHOJIOrIH, M. Kui

radzl58@mail. ru

g dpopmysmoBanng pesyabraTy poboTH HaseJeMo HeoOXiani osnadenns. Hexait L, — npo-
crip Bumipaux 27m-nepiognaanx dbyHKuii f(x), as srux

27
/0 F(@)Pdz < oo,

Jie p dikcoBane 1 1 < p < o0;

E,(f), — nmaiixpame nabimzxenns y Merpuni npoctopy L, dyukmii f Tpuronomerpudmnumu
OJIIHOMaMH TOPSIAKY He BHUIE N — 1;

gepes f;f(x) no3uagnMo (1, f)-noxinny dbyskmii [1, ¢. 25|, BBakaun 1mo —oo < f < 00 i
dbyukmis (t) > 0 upu t > 1.

Teopema. Hezat ¢¥(t) > 0 — dodammna wespocmaronwa dynkyia i nalrxpausi HabAUACEHHA
dynruii f € L, 3adosorvraroms ymosy

= %Ek(f)p 00
2 <

Todi y Pyrruii icnye nenepepena (1, B)-noxiona, pad Pyp’e axoi 36ieaemvesa 00 wei pisHOMIp-
HO.

1. Crenmanent A. 1. Kraccudukarma u npubamxkenus mepuogndecknx ¢ynkmiit. — Kues: Haykosa
nymka, 1987. — 268 c.
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EHTPOIIINHI YUCJIA I TIONIEPEYHUKY KJIACIB IIEPIOAMYHUX
OVHKIUIN ABOX 3MIHHUX V ITPOCTOPI L

A. C. Pomanriok
Tacturytr maremaruku HAH Vkpainu, m. Kuis
romanyuk@imath.kiev.ua
Y jonoBijii MoBa Oy/e fiTH Mpo TOYHI 3a MOPSIKOM OIIHKY €HTPOMIHHIX YHCe, KOJIMOTOPOB-
CHKHX Ta JIHIHUX [TONEePEYHUKIB KJIACIB epioAudHuX (pyHKIIiH JIBOX 3MIHHIX B; ¢ HiKobCbKOrO—~
Becosa [1] y npoctopi L.
Hexait X — 6amaxiB npoctip i By (y, R) — xy1a B X pagiyca R 3 MeHTPOM Y TOUII Y, TOOTO

Bx(y, R) ={r e X : |z —y| < R}.
st kommakTHOl MEOKUHA V' C X 1i eHTpomiiini 4nc/ia 03HAYAI0THCS TAKHM IHHOM [2]

2k
ep(V,X)=inf{e: Elyl,...,ygk eX:VC U Bx (i, €)}.

j=1

Ko/MoropoBChbKIM TOMEPETHUKOM TeHTPAJIbHO-CUMeTpudHO1 MHOXKUHE W y mpocTopi X

HA3WBAETHCS BEJIMUNHA [3]
dy (W, X) = inf sup inf ||w — ul|v,
Ly wew wELM

jie Lyy — mijgnpocropu po3mipuocti M npoctopy X

JIiniitHUN TTOnepevIHUK MeHTPaJbHO-CHMeTpUIHOl MHOKUHT W y mpocTopi X' BU3HAYAETHCH
3a opmysiown [4]

Au(W, &) = inf sup [lw — Aw|x,

weWw

qte iHpiMyM GepeThes MO BCiX JiHIRHUX omeparopax A, mo aifors B X' i po3mipHicTh 0baacTi
3Ha4YeHb AKUX He nepepuye M.

Hexait L, — npocTip dbyHKIi ABOX 3MIHHEX 27-T€PIOIUIHUX 38 KOXKHOIO 3MIHHOIO 1 31 CKiH-
YECHHOIO HOPMOIO, dKa BU3HAYAE€THCA CTaHAAPTHUM YUHOM.

CrpaBemuBi Taki TBEp/ZKEHHSI.

Teopema 1. Hezati 2 < p < oo, 2 < 6 < oo,r = (ry, r1), 11 > 5. Todi

T - T - -r ri+1-31
em(By} g, Loo) < du( Loo) < M " (log M) "5,

p, 6"

Teopema 2. Hexati 1 <6 < oo,r = (ry, r), r1 > 0. Todi

e31(Bl gy Loo) = dar(Bl g, Loc) = At (Bl gy Loo) =< M~ (log M)+ 5.

00,0 00,0 00,07

1. Jluzopkun 1I. ., Hukonbckuit C. M. IlpocTpancrBa DyHKIUA CMEITAHHONW IVIQJIKOCTH C JIEKOM-
no3uIuonHoit Toukn 3penus // Tp. Mar. un-ra AH CCCP, 1989. — 187. — C. 143-161.

2. Hollig K. Diameters of classes of smooth functions // Quantitative approximation. N.Y.: Acad.
Press, 1980. — P. 163-176.

3. Kolmogoroff A. Uber die beste Anniherung von Functionen einer gegeben Functionenclasse //
Ann. Math. — 1936. - 37. — P. 107-111.

4. Tuxomupos B. M. Tlonepeunnkn MHOXKeCTB B (PYHKIIMOHAJIHHOM MPOCTPAHCTBE U TEOPU HAWIY-
gmux npubanKennit // Yenexu mart. Hayk. — 1960. — 15, Ne 3. — C.81-120.
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FI/IBPI/I,ZLHAH ANOOPEPEHINAJIBHO
PASBHOCTHA{ KPAEBASA SAITAYA
A.M. Camoiinenko, A. A. Boituyk, C. M. Uyiiko
Nucruryr maremarukn HAH Ykpaunsr, r. Kues
Jloubacckuit rocy1apcTBeHHBIN negarorndeckuii yaupepcurer, T. CIaBsHCK
boichuk@imath.kiev.ua, chujko-slav@inboz.ru
Maremaruvieckoe OMUCaHUE HEIPEPBIBHBIX MPOIECCOB ¢ KPATKOBPEMEHHBIMH BO3MYIIIEHMUSI-
MU, JJIATETHHOCTHIO KOTOPBIX MOYKHO MpeHeOpedhb, TPUBOJAUT K U3yUIEHWIO KPAEBbIX 33149 /T
0OBIKHOBEHHBIX i DepeHIuaabHbIX YPABHEHUH ¢ UMITYIbCHBIM BO3/eiicTBueM [1-3]. ccaemo-
BaHUe JUCKPETHBIX IIPOIECCOB MPUBOIUT K U3YUEHWIO KPAEBBIX 3a/1a4 JIJIsT PA3HOCTHBIX yPaBHe-
muit [4-6]. [Tpeanaraemas rubpuanas quddepeHnuaibHO-PASHOCTHAST CUCTEMA COJIEPYKUT HEeH-
3BECTHYIO KyCOYHO-HEIIPEPBIBHOT'O apIyMEHTa, a TaKyKe HeM3BECTHYIO JIUCKPETHOIO apryMeHTa,
JUTsT HAXOK/TEHUST KOTOPBIX TIPeJJIOKEeHA CHCTeMa OOBIKHOBEHHBIX M epeHnaTbHBIX ypaBHe-
HUM, cojiepzKalias Hem3BeCTHYIO JTUCKPETHOrO apI'yMeHTa, U CHCTeMa PAa3HOCTHBIX YpaBHEHNUH,
coJiepzKalias HeN3BeCTHYIO KyCOTHO-HEPEePBIBHOIO apryMeHTa.
UcecnemyeMm 3amaqy 0 HAXOXKAEHUH YCJIOBUN CYIIECTBOBAHUS W MOCTPOEHUU pPelTeHuit

z(t) eR", teQUO, Q:=la,n[U[Tp, Tp41[U... U [T, Tp,41] C [a,b], a:= Ty = Tp,,

y(k) =y(m) €ER™, 7, € © :={a, 71, Tos .y Tprs Tpid1s s Tpas Tpatls o> D}y Tpop1 := 0

rubpuIHO HeTepoBoil (M + n # p + v) quddepernuarbHO-pasHOCTHON KpaeBoil 3a1auu
a'(t) = A(t, k)z(t) + B(t, k)y(k) + o(t, k), teQ, (1)
y(k +1) = C(k)z(k) + D(k)y(k) + ¥(k), 7 €0, (2)
Aw(¢pi+l>7—pi+1) = STpi+1 x(Tpi+1 - O) + pri+1> Em() =a e R, @y(> =B eR”. (3)

[lepsyo kommonrenTy nckomoro pemennd x(t) € C'[Q;] kpaesoit sanaam (1)—(3) mmem B K1aCCE
uenpepbiBaO Auddepeniupyempix Ha Muoxecrse  C [a,b] dyHKuumil 3a HCKIIOYEHHEM TOUEK
Ti, Tpi+ls Tpatls - s Tp,_i» B KOTOPBIX HCKOMBIE penenus z(t) MOTYT IpeTepneBarh OrpaH-
YEHHBIE PA3PHIBHI

Ax(Tpi+17Tpi+l) = ﬂ?(Tle) - x<TPi+1 - O) < P, 1= 07 17 27 ey 4 — 1.

Bropyto komnonenTy nckomoro pertennst y(k) € R™, 7, € © nereposoii kpaesoii 3agaun (1)—(3)
UINEeM CPeJH OTPAHMICHHBIX HOCIeI0BATeNbHOCTEH. MaTpuiist

A(t, k) € R™™  B(t, k) € R™™,

a Takyke BeKTOp-pyHKINio ¢(t, k) € R™ npennosaraeM HEIPEPHIBHBIMHA IO TIEPBOMY ¥ BTOPOMY
apryMenty Ha orpeske [a,b]. Marpunpt C'(k) € R™*", D(k) € R™*™ S, € R™* ™ u BexTop-
dyukmmio (k) € R™ mpeanonaraeM OorpaHuveHHBIME Ha MHOXKecTBe © dbynuknusvu, (z(-) —
JHeiHblil orpannyennbiii Bekropublit dyuknuonas: fz(-) : CHQ;l — R¥ py(-) — suneitnbiii
OrpaHUYeHHBI BEKTODPHBIA (DYHKIIMOHAJ, ONPEJIEJEHHBI Ha NPOCTPAHCTBE OIPAHUYCHHBIX HA
MHOZKeCTBe © BekTOp-(yHKIHIi:

oy(): {y(k): © 5 R™} 5 RY, pu#w.

[Tocrassennas rubpugnas kpaesas 3agada (1)—(3) asasgercs obobIeHEEM KPAeBLIX 33134
711 OOBIKHOBEHHBIX qupdepeHnnalIbHbIX yPAaBHEHHUH ¢ IMILYIbCHBIM Bo3zeficrsueM [1-3, 7, §],
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KPaeBbIX 3aJ7a4 JJisi PA3HOCTHBIX ypaBHeHHil [4—6|, a TakyKe pasIMYHBIX KPAEBBIX 3aJad JIJIs
cucTeM OOBIKHOBEHHBIX JubDbepeHInATBHBIX YpaBHeHuil [3].

Hamu npejyiozken ajroput™ 1nocrpoenuns pemenunit 3aauu Ko s rubpuHoii cucrembr
muddepenanbHO-pa3sHOCTHBIX ypaBHeHuil (1), (2), a Takzke ycJ0oBHS Pa3PENTUMOCTH U CXEMa
MIOCTPOEHUS PellleHuil JIMHEeHOW HeTepPOBOil KpaeBoil 3a1aun jisd THOPUIHOM cucteMbl qudde-
PEHIIUATBHO - DA3HOCTHBIX ypaBHeHuii (1)—(3) B KPUTHUECKOM ¥ HEKPUTHIECKOM CJIyYae.

[lockoabky MHOZKECTBO () U © gBJsieTcs YaCTHBIM CJIydaeM MHOXKecTBa Tuna "time scale"
MOCTOJIBKY TOJIyUYeHHBIE Pe3YJIBTATH MOTYT ObITH MOJyUYeHbl anagoruduo [9, 10]. Cxema ucce-
JIOBAHWS THOPUIHBIX KPAEBBIX 33Ja4 /s cucteM auddepeHnnabHo-PA3HOCTHON ypaBHeHHI
MOKeT OBITh TIepeHeceHa Ha 3aa49u 0 OudypKalus perenuii KpaeBbix 3aj1a4 A1 JuddepeHinnatb-
HO-PA3HOCTHBIX CHCTeM ¢ MMIYJbCHBIM Bo3zeiictBueM [3], Ha ruGpuaabie nuddepeHnuaibHO-
Pa3HOCTHBIE KPAeBble 3aa4H JIJIS CHCTEM ¢ UMITYJIbCHBIM BO3/eiicTBrueM GoJiee obrmero Buja |7,
8|, marpuunble quddepeHInaIbHO-PASHOCTHBIE KPAEBbIE 3aJIaYH JIJIS CUCTEM € MUMITYJIbCHBIM
Bozneficteuem [11-14|, a rakxke — #a Ha rubpuanbe MUdGEPEHINATBHO-PA3HOCTHBIE KPAeBhIe
3aJ(a9n I CHCTeM C MMITYJIBCHBIM BO3/eiicTBHeM B abCTPAKTHBIX mpocTpancTBax |3, 15].
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O cemuHape 10 KavdecTBeHHON Teopun ancdepeHiuaipbHbIX ypasueHuii 8 MockoBCKOM yHUBED-
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HABﬂH)KEHﬁH V3ATAJIBHEHUX IHTETI'PAJIIB [IVACCOHA
I[HTEPITIOJIAOIMHUMY TPUT'OHOMETPUYHNMU [TOJITHOMAMU
A. C. Ceparok
Tacturytr maremaruku HAH Vkpainu, m. Kuis
serdyuk@imath.kiev.ua

Hexait L,, 1 < p < 0o, — upocrip 2r-uepioguvnux cyMOBHHX y p-My creneni na [0, 2m)
1/p
dbyukniit 3 mopmoto ¢, = (f lo(t)|Pdt , & Lo, — mpocTip 27r—1epiofuyHuX BUMIPHUX i

cyTTEBO OOMekeHux GyHKIH 3 HOpMOIO ||¢|| = esssup |o(t)].
t

HYepes Cgy, a > 0,7 > 0,1 < p < oo, f € R, no3Ha4MMO MHOKHHY 27~ TIePiOHIHIX

dbyukmiit f(z), aki npu Beix x € R 306paky0ThCst 3rOPTKOIO
™

Qo

1
f@) =2+ - [ o= 0Pt a €R, g1l ol <1, (1)

—T

3 dbikcoBannm sapom P, . 5(t) Burmsity

Popp(t)=> e ¢ (t—%ﬁ), r>0 a>0 ek (2)
k=1

@yuknio f y pisnocti (1) nazupators y3araabHenuM inrerpasom llyaccona dynkiii ¢, a sapo

P, ,p Bumisny (2) — y3araapHenuM sipoum llyaccona.

g 6ynp—axoi dpyskmil f € g; aepe3 S,_1(f;x), n € N, mosHaumMo TpUroHOMeTpHYHHIA

IIOJIHOM IIOPpAAKY T — 1 AKHANA 1HTepHOJHO€ f [0 cucTeMi pIBHOMlpHO pO3HO,ZL1IIeHI/IX By3.H1B

x,(cn = 2ik_7r17 ke Z, TO6TO takuit, mo S,_1(f; m(" 1)) = f( ) keZ.
Posrasiaerbes ampoKCIMaTUBHA XapaKTePUCTHKA
5(0;3;7 T) = sup f(:v)—gn,l(f;;c) , veR (3)
fecy

ﬁp

i MOCJTIZKY€ThCs TUTAHHS PO ACHMIITOTHYHY HOBEIHKY BeJUUYUH (3) IpU 1 — 00 Y BUIAJKY,
ko r € (0,1),a >0,1<p<ooifeR.

Teopema. Hexatir € (0,1), « >0, 1 <p<ooif €R. Todi das scizx v € R npup =1
MAE MICUE ACUMNIMOMUYHA NPU 1 — 0O PIBHICTND

-1 2 o(1)
sin — 1:' (war + nmin{nl_r}), (4)

E(Chisw) = et

a npu 1 < p < oo — pieHicmd

1
o 2n—1 2| cost||, 1 3—p 3 v O(1
S 5 33‘( 1’_\_1 Hp1F<27 2 a271> _'_%)7 (5)
¥ (ar)r n "

6 akit F(a,b;c;z) — einepecomempuuna dynruia laycca, %—f— z% = 1. V gopmysazx (1) i (5)

1—1r

&, (Chpix) = e n e

O(1) - seaununu, wo pienomipro obmesceni no r, n i (.
Hasenena Teopema gonosuioe pesynsraru pobit [1]-[3], B axux Oyro 3HaiiieHo cuibHy acuM-
nrotuky Beauuans (3) npu x € R, f € Ria > 0y sunagkax, ko r > 11 1 < p < 0o Ta koau

€(0,1)ip = oo.
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HABINYXEHHA KJIACIB 3rOPTOK IEPIOANYHNX OYHKIIIN

JIIHIMTHUMU METOJAMU, [TIOBYJIOBAHUMU

HA OCHOBI IX KOE®IIIEHTIB ®VP'€ JIATPAHIKA
A. C. Cepamok, 1. B. CokoJjienko
Iacruryr maremaruku HAH Vkpainu, m. Kuis
serdyuk@imath.kiev.ua, sokol@imath.kiev.ua
Hexait C'i Ly, 1 < p < 00, — npocropu 2m-nepioguunux dbyHKIiH 31 cranjapTHUMI HOPMaMu
|- lle il |, Hexait, nami, ¢ = (k)i 8 = By, k = 1,2,..., — noBiabHi mocsigosHOCTI
mificaux wucen. [lozmaanmo 1gepes Cg,z (muB. [1]) MuHOXKUHY BCiX 2m-mepioguunux yHKIiR f,
SKi 300parKyI0ThCs 3a JIOTIOMOI0I0 3rOPTKH

1 i
flz) = % + ;/cp(w —)Ws(t)dt, ag€eR, ¢¢€ Bg ={he€Lly: ||hll2 <1, h L1},

—Tr

W5~ gw(k) cos (kt— 5’“—”) Zw

Hexait f € C i S, Sp(f;x) — TpuroHoMeTpmIHU MOTIHOM TOPSAAKY 7, IO IHTEPIOJIIOE
f(z) y Toukax :vk =2kn/(2n+1), k=0,1,...,2n, To6TO

_ (n) n
Su(f;x) = CLOT + Z(aff) cos kx + bén) sin kz),

k=1

e ak, i b( — xoedinientu Pyp’e—Jlarpanxka dbyukuii [ (1us.[2, c. 128-129]).
Posrgremo siniitai moainomianbai metou HabamKenus (pyHKIiH f 3 K1acis CY. . axi o0y-

B2’
JOBaHl Ha 0CHOBI 1X Koedimienris yp’e—Jlarpanzxka a,g") i b,(fn). Hexait A = ||)\§€n) | i M= ||uk ,
n=20,1,..., k=0,1,..., — HeCKiHUeHHI TPUKYTHI MaTPHIN JIfiCHUX THCeJ TaKi, IO
)\(")—O u,(j)_o k=n+1n+2,..., .
lim )\(n) 1, lim ,uk")—() k=1,2,. (1)
n—o0 n—oo

[Mozunaunmo wepes U,, = U, (A; M) niniiinuii oneparop, skuii koxHiii dbyukii f € C' crapurh y
BIMTOBIIHICTh TPUTOHOMETPHYHUN TTOJIHOM BUTJISITY

(n)
Un(f;2) = =

% + Z ()\,(C")(a,(cn) cos kx4 b sin k) + ul (—b" cos kz + al sin k:x)) .

k=1

87



o0
Teopema. Hexati nocaidosnicmv didicnuz wucen (k) maxa, wo Y ¥*(k) < 0o, a mampuuyi

A= ||/\,(€n)|| i M= ||,uk || sadosonvraroms yamosu (1). Todi das dosiavruz B = By, B € R, i
n € N y xoorcriti mowys x € R

En(CYy A Mix) = sup |f(x) - n<f;x>|=%(2(<1—A§:>>2 + (")) R+
recy, T\ =1

0o m(2n+1)+

1/2
2 2
+Z Z ((cosm(2n+1)x )\‘k m(2n+1)|> + (sinm(2n+1)x+u|(;‘1m(2n+l)‘) )¢2<l{;)> .

m=1lk=m(2n+1)—n

1. Crenanern A. . Meroast Treopun npubsmskennit: B 2 4. — Kuer: Ua—1 maremarukn HAH Ykpau-
mbl, 2002, — Y.1. — 427 c. (Tpyasr Un—ra maremarnkuy HAH Vkpaunsr; T. 40).

2. Cremaner; A. 1. Meroasr Teopun npubmmkennii: B 2 1. — Kues: Ua—1 maremaruku HAH Ykpan-
ubl, 2002, — H.2. — 468 c. (Tpyasr Un—ra maremarnkun HAH Vkpaunsr; T. 40).

[HTEP®EPEHUIA V BUITAIKY HABJIMNYKEHHS OIIEPATOPAMU

BAIIE [IVCCEHA ®VHKIIIN, BUBHAYEHUX HA JINCHIN OCI
€. C. Ciniu
Jonbacbkuii JepzKaBHU nejgaroridunii yuipepcurer, M. CJI0B SHCBK
silin-evgen@meta.ua
Y [1] O. I. Crenaners 3anpornonyBaB HACTYIHe O3HAYEHHS KJIACIB 5¢ Hexait I, — HPOCTIP
dbynkuiit f, 3ananux Ha aificuiit oci R, aki maors ckindenny HopMmy: || f||z = sup IN CET (8] dt,

aC — HiIMHOYKUHA, HEIIePEePBHUX (PYHKIII{T 3 L. 9 — muouma bynkmiii ¢ (t ), dKi 3pOCTAIOTH Ta

nenepepsHi Ha [0, 1), ¥(t) > 0, ¢¥(0) = 0, (¢ )onyKﬂa Ha [1,00), limy o ¥ (t) =0 14/ (t40) mae

obMezkery Bapianiio Ha [0;00). A := {tp € A« [[Th(t)/t dt < oo}, Iokmanemo ¢ := thyy +itha_,

Je Y1y 1Py — mapHe Ta HemapHe IPOJOBKEHHS (byHKmI/I Py € A1y € A BigNOBITHO.
Axmo f € C' MOXKHO TOJATH Y HACTYHHOMY BUTJISII:

flz)=A+ /}Rgo(x + t)% /Rﬂ(s)emdsdt c=A+ px* i,

ae A — crana, [p = lim, o [*,, ¢ @ esssup|p(t)] < 1, 10 KaxyTb, mo bynkuis ¢ =: e
tp-noximoro dbyukuii f (mus. [1]), upu upoMmy numyTh f € C*;/; Hoa f € (7;@ TAKOXK O3HAYUMO
onepamop Baane [Iyccena

Vonlfi2) = A+ 7 5 doto(a),

ae 0 <h=h(o) <o < o0,

17 Ogyt‘g(j_}%
Aon(t) = T o —h <t <o,
0, o < [t.
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Muoxkuna 20 HeoJHOpiAHA BIIHOCHO MIBHIKOCTI cHaJaHHs 70 Hysas Hyokmiid ¢ (t), Tomy
BUILIsIIOTE HacTymai migMuokuun [1]: Ao = { € A : 0 < t/(n(t) —t) < K1}, e n(t) =
Y (Ly(t) ma Fi={y € A: ' (t) < Ko}. Tym, i mani, Ky, Ko, ... — aeaxi gogarsi crai, sxi
He 3aJ1e2KaTh Bix t.

[IpeamMeToM HAIIOrO JOCTIIKEHHS € CYMU

a'hm Zaz Z'—f—(; o,h(f;x+5i)]7

ne «;(o) ta §;(0) — BeMUnHN, AKi PIBHOMIPHO OOMeXKeHi 1o 0.
Teopema 1. Hexzaii Yy € Ay, 1y € Ay, A+ =Ap NA', diticni wucaa o > h > 1 maxi, wo
0 < lim (h/o) < 1, a seaununu o; ma 6; pisnomipno obmexceni no o i h. Todi

T—00
— 4 o 2 [Tyt ad;
sup |[Xonmlla = ’MU)l(FRm lnE + ;’Z/ 1/’25 ) cos( - ) dt\)—i—
i=1 /0

feCy

O (o)], o — oo,

de
R,, = Zalcos (06; + 7)) Zalsm (06; +7))3, (1)
v = arctg¢ 0(1) — BEAUMUMNA, PIBHOMIPHO 00MedceNa uL0do T, h.
TeopeMa 2. Hexati pyrmuii; € F, i = 1,2, i 3adososvnanms ymosy Ky < nv1it)—t < Ky,

n(Pait)—t
t > 1, a seaununu a; ma d; pieﬁomipﬁo obmeotceni no o it h. Todi daa diticnux wucen o > h >1

maruz, wo n(;0) — o < 2 (6 axocmi n(y; o) moorce sucmynamu n(vy; o) wu n(tbe; o)) npu
o — 00 ma

p (15 f:2:050)l 0 = T4 g,

fecy

7o) —o

- O)([e( = h))). (2)

de seaununa R, osnauena cnissionowenmnam (1), v = arctg¢ O(1) — seaununa, pieHo-

U) ’
MipHO obmesicena uodo o, h. Hkuwo oc n(;o) — o > %, mo (2) mae micue 3a ymosu, wo
0; = O((n(¥;0) — o)), i=T,m.
BaszHaummo, 110, 3a HeBHUX yMOB, R, = 0 [2].
1. Cremnanern A. 1. Meroas! Teopun mpubanxkennit: B 2 4. — Kues: Ua—1 maremarnkn HAH Yrpan-
ubr, 2002, — 9.2. — 468 c. (Tpyast Un—ra maremarnkun HAH Vkpaunsr; T. 40).
2. Hpoza B.B. OguoBpementoe npubsmxkenne QyHKIUA 1 UX IPOU3BO/IHBIX orepaTopamu Pypbe B

cpentem // OmHOoBpeMeHHOe mpubnKeHne GOyHKINUN ¥ UX TPOU3BOAHBIX omepaTopamu Pypbe.
— Kues, 1989. — C. 46-58. — (IIpenp. / AH Vkpaunbr. In-r maremaruku; 89.17).
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HANKPAILI BIJITHIVHI HABJINYKEHHSA V3ATAJIBHEHUX

KJIACIB HIKOJILCLKOTO-BECOBA TIEPIOJANYHUX OYHKIIIN
BATTATBbOX SMIHHNX
K. B. Comaiu
CxinroeBponeiicbkuit Hamionabauit yaisepcuret imeni Jleci Vkpaiukn, JIymsk
sokava@mail.ru

JToc i iKyI0ThCs ONIHKY HaffKparux OiliHifTHIX HAO/IUKEHb K/1aciB Bp% nepioguaHux QyH-
KITi#f 6araTboX 3MIHHIX y IPOCTOPI L, IpH JedKHUX CHIBBLIHONICHHAX MiXK HapaMeTpaMu D, ¢ Ta
0. Knacu B}y C Ly(mg) BusHagaiorscst 3a gonomoromw: Qt), t = (ty,...,tq) € RS, — Maxopan-
THOI yHKIIT 11 Moyns HenepepBHOCTi [-ro mopsnaky (I € N) dyukuil f € L,(7;); ancioBux
napamverpis p i 0, 1 < p,0 < oco. Kpim Toro dynkmis (t) 3amoBoibHsie, Tak 3BaHi, yMOBH
Bapi — Creukina (S) i (5)).

O3HaInMOo TOCHaLKYBaHy anmpoKCnMaTHBHY Xapakrepuctuky. Hexait L,(m24), ¢ = (q1, q2), —
mHOKuHa GyHKIii f(z,y), ,y € R, 31 cCKiHUEHHOIO MIIIAHOK HOPMOIO

12 ) larae = I 1G9 g

e HOpMa OOTHCIIIOETHCS CIIOYATKY B IPOCTOPI Ly, (74) o 3minHiit © € R, a moTiM Bix pesysbrary
— o 3minHiit y € R B mpoctopi L, (74). s knacy dyukmii F' C Ly(mq) 03HaunMO HaliKpatie
Oltiniiine nabuzKenus nopsiaky M:

M

TM(F)grqo == sup  inf W) 1f(z,y) — Zuj(x)vj(y)thqQ,

fer u(@).o; =

ae uj € Lo, (ma), vj € Loy (7a) i To( g0 = I1F (@ 9) ] 1,00-
BayBaxKuMo, 0 y BHIAAKY ¢ = g2 = ¢ Oymemo mucatu Ty (F),.

Teopema 1. Hezati 1 <0 < oo i Qt) € oy, a > a(p,q), de

1<p<qg<2 abo

11 SP=4s

) — 204G-9+  2<y<p<on

a(p,q) = {Q—d'd} 2<p<g< o abo
Haxyy,s 1<p<2<qg< o

Todi dnsa M € N cnpasedaiusi nopadkosi cniegidHowers

QM-a)MTi,  1<p<q<2,
_1 2<p<g< abo
Q(M_é)Mifé, 1<p<2<qg<oo.

3ayeascenna. Y sunagxy Q(t) =t", r > a(p, q), reopema 1 nosesena B pobori [1].

1. Pomantok A.C., Pomanmrok B.C. Hawnyumme Guinneiinbie mpubimkenns (QyHKIUH W3 0pO-
crpancts Hukosnbckoro—Becosa // Ykp. mar. xypH. — 2012. — 64, Ne 5. — C. 685-697.
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HAI;IKPAU_LE CYMICHE HABJIN>KEHHA TTAPU CDYHKL[H;I PISHUX
KJIACIB
B. A. Copuu, H. M. Copuu
Kam’suenp-TTomiabebkuii Hamionaabauil yaiBepcnTeT iMeni IBana Orienka,
Kam’arenp-l1loginbebkuii, YKpaina
nina.sorich@gmail. com

Hexaii L., C ta L — upocropu 27-mepioiudHAX BiIIMOBIIHO BEMIpHHX Ta CYTTEBO OOMe-
JKEHUX, HelepepBHUX Ha Beiit oci i cymoBuux wa (0;27) dyukmiin  f(-) i3 nopmamu || fle =
esssup| f ()], [|flle = max [ f(@)| i [flo = [IfIh = Jo" |f(@)ldz, a US, ta UY — omummani kyri
npocTopiB Lo, Ta L, e1eMeHTH SKUX OPTOTOHAJIbHI KOHCTAHTI.

Yepes B, 5(t), Pq( ) mo3uaunmMo Bigomi siapa Bepuysii ra Ilyaccona (r > 0, 0 < ¢ < 1,
8,7 € R). Yepes Wj  (Wj,), P?, (PJ,) nosmadumo Kirach 3ropTok enementis i3 UL, (UY) i3

aapamn B, g(t), PI(t) simmosiano. Hexait

Y (@itu1iz) = (9% Brg)(@) = tara (@) + (9 P (2) — taor2(2)) ,

jte cumBost "x" — 3roprka aBOX (YHKILI.

POSFﬂHﬂaﬁTbCH 3a/Ja49a 3HAXOJAZKEHHA TOYHUX 3HAYCHDb BEJIMYHUH

Zn(so; tno14;7) HC ,
Zn(so; tn—14;T) HL ;

. “ . . . r r q
AKi TpmitMemo 3a Hafikpamie cymicHe Habmkenna Knacis Wi o ta PI_ (Wg, ta PJ)) B ipo-
cropi C' (L).

[Ipu meBHUX OOMEKEHHSIX Ha TapaMeTpu 7, (3, 7 CIpaBeaInBa PiBHICTDH

En’g(ugo)c = sup inf

(peugo tnfl.,i

Bua(U), = sup int

S062/{0 n—1,7

En,Z(ugo)C = En,2(u?)L =

= sin [(2v + 1)0,7 %ﬂ} 2, ¢@vtin

" Z (2v + 1)+t 2v+1

v= v=0

>1|~:>

sin [(21/ +1)0,m — —

ne 0, € [0;1) eaunuit Kopinb piBHSIHHS

<. cos [(2v + 1)0,m — 7] ym
—r 2v+1)n o _
n E 1) + VE 0 q cos [(QV +1)0,7 —] =0.

v=

V Gararbox BaxKJIMBUX BHIAJIKAX 3HAYeHHs BemnH F, o(UY)c, E,2(UY)r Menmi 3a cymy
Hafikpamux nabmkens knacis Wi o (W) ta P4 (PY,) oTpuMannx B KAaCHIHAX POGOTAX.

1. Crenanen A. . Merojasl reopun npubsimkernit: B 2 4. — Kues: Ua—1 maremaruku HAH Ykpau-
mbl, 2002, — Y.1. — 427 c. (Tpyast Un—rta maremarukun HAH Ykpaunsr; T. 40).
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KPUTEPIN EJTEMEHTA HAUKPAIIIOTO HABJIVKEHHS
®VHKII BATATBOX 3MIHHUX ¥ TIPOCTOPI Ly, 11

B. M. Tpaktuucska, M. €. Tkaguenko
JlainpomerpoBebkuit Harmionaapuuil yHiBepcuteT imeni Ogecs Tongapa, m. JIainpo
victoria-dp@yandezx.ua, mtkachenko2009Qukr.net
Hexait L, ,. (1 < p; < 00,1 < i < n) — npocrip aificHo3HauHUX CyMOBHHX Ha K =
L xIyx...x 1y, ne I; = [a;, b;],1 < i <n, byukniii n-3avminaux f(z) = f(z1,...,2,) i3 HOpMOO

1
P2 o Pn
Pl

e = | [ | [ | [1r@Pdn| - daa| e,

Iy I

IToknaxemo

P42 I
Pk+1 P o
— = P
Pk k+1

s = / / /|f(x)|pkdxk. doper | dw|
k

I; I

el <k<i<n.

Hexait H,, = span{p, ..., ¢n} 11 geskol cucremu JiHIRHO He3ameKHUX DyHKITii
{e1,- - vom} C Lpypnan, (1 < pi < 00,0 =1,2,...,n—1). Toni erementn muoxunu H,,
(moninomu P,,) MOMAI0TH y BULJISII

k=1

Posrsinaerses Bunagok nabamxenns GyHkuiil y Mmerpui npoctopy Ly, . 1, (1 <p; < oo,
i=1,2,...,n— 1) norinomMamu 3 MHOKUHU H,,.
Bregemo ¢dbynkiiro
Go=|f = Ppl M f = Py oo |f = Prlbei P2 | f = Prlpileg)sen(f — Br),

p1 P1y---sPn—2 P1s--sPn—1

ne Pr e Hy,.

[osuaunmo E* = {x, € I, : |f — P} l|py.. pn, =0}

Hexait f € Ly, . p. .1, ate f ¢ H,,. Toni mae micie taka Teopema.

Teopema. Jlasa mozo wob noatmom P, 6Y6 NoAHOMOM HATUKPAW020 HAOAUNCEHHA OAA
dynxuii f y mempuyi Ly, ., 1 (1 <p; <o0,i=1,2,...,n—1), neobxiono i docmammvo, 1,00
ora bydv-axozo noainoma P, € H,, eukoHysaracs ymosa

/Pm-Godml...da:n < /|Pm|p1,,_7pn1dxn.

K B

s Teopema nomupioe pesyabrar [.C. Cvuproa [1] (kpuTepiii ejeMenTa HaKpaImoro Ha-
OmzKenns B mpoctopi Ly, 1([; X I3) ) Ha BUNAI0K HaOMHKeHHs (DYHKIIH 6araTboxX 3MiHHEX.

1. Cmupmuos I'. C. Kpurepuit nosunoma Hamty4niero npub/mzKenus B mpocrpanctsax Ly 1, L1 g //
Ykp. mat. Kypu. — 1973, — 25, Ne 3. — C.415-419.
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[TPO ACUMIITOTUYHY ITOBEJIHKY TOYHUX BEPXHIX MEXK
BIIXUJIEHb BITAPMOHIYHIUX IHTETPAJIIB [IVACCOHA BIJO
OYHKIUIN 3 KIACIB WiH®

10.1. Xapkesuu, I. B. Kanpuyk
CxinnoeBporneiicbkuit Harionaabuuit yaisepcurer imeni Jleci Vipainku, Jlyibk
kharkevich.juriy@gmail.com, kalchuk _1@Qukr.net

Hexait C' — npoctip 27-n1epiofuunux HenepepBHUX (DYHKINNH, Y SKOMY HOPMa 3aJa€ThCs 33,
JOTMOMOrot0 piBHOCTI || f||o = max |f(t)].

Hexait r > 0 i § — ¢ikcoBane miiicae aucio. Ao ps

g B . B
;k <akcos (ka:—i— 5 ) + by, sin (kx—l— ))

¢ pagom Pyp’e gearol GyHKIT ¢ € L, To 1m0 dyHKII0 HazuBaoTh (1, f)-noxigHowo dbyHkiii f
B posyMminni Beitnga—Hazg 1 mosaataors vepes fg. MuoxKuHY yeix dbyHKIIH f, KOTPL 3810B0JIb-
HAIOTH TaKy YMOBY, mosHauaioTh depes Wj [1].

Adxmo f € Wg, 1 upu upomy fz € HY, 10610 f5 33/10B0/1bHsI€ yMOBY JIimung nopsaiky o:

|fa(x+h) = fz(x)| < |B|*, 0<a<1, 0<h<27m z€R,

TO KaXKyTh, MO [ HagexKuTh 10 Kiacy Wz H®.

Besnuuny
k
/ft+x { +Z(1+§<1—6_§)6 g)coskt}dt, 0 >0,

IPUHSITO HA3WBATU OirapMouiuamM inTerpasom [lyaccona dyHkiii f.
B naniit poboTi BUBYAETHCS ACHMITOTHYHA [TOBEIIHKA P 0 — 0O BEJIHYHH

EWSH Bslo = sup |f(x) = Bs(f:2)]le
fewsHe

Teopema Hexatir > 0,0 <a<1,r+a <2, 8 €R. Todi npu § — 00 Mmae micue pieHicms

o O 1 1
E(W5H; Bs).. 5(+>A(a,7') +0 (51+T + §> ,

271 < f(a) < 1,

de seaununa Ao, T) 03HaUENHE CNIBEIOHOULEHHAM

Ala,T) = / |t]* / ) cos (ut + %) du|dt
—o0 0

i OaA Hel cnpasediusa ouiHKa

[ 01), r+a<2,
A(Q’T)_{ O(lnd), r+a=2.

1. Nagy B. Uber gewise Extremalfragen bei transformierten trigonometrischen Entwicklungen, I.
Periodischer Fall, Berichte der math. phys. KL. Akademie, Leipzig, 90 (1938), 103-134.
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[TOJIVIYEHVE OLIEHOK OBJIACTU YCTONYNBOCTU
TP NCCJIEJJOBAHUN KBAJIPATUYHBIX CUCTEM

. d. Xycaunos, C. B. KampaTos
Kuesckuit nanmmonaabubiil yauBepcuTeT uMenn 1. [ [llesuernka, r. Kues
khusainov@unicyb. kiev.ua

OHUM W3 YHUBEPCAJIbHBIX METOO0B HCCJIEIOBAHUA YCTONYHMBOCTH PEIeHnl HeJMHEHHBIX
JMHAMAYIECKHX CHCTEeM sIBJIgeTCs BTOpOil Meron Jlamynosa. OOMENpPUHITHIM SIBJISETCS CBeJIe-
HUE HWCCJIeIyeMOro pelleHns K HYJIEBOMY PeIIeHHIO M HMCCIeJ0BAHME YCTORIHBOCTH HYJIEBOIO
OJIOYKEeHUsT paBHOBeCHs. B To Ke BpeMsi, ObIBAeT, UTO HeJMHEHHAs CHCTeMa He HMeeT HYJIEBOrO
peIlleHns, a UMeeTCsi HEKOTOpast 001aCTh, HAXOISAIIASICS B OKPECTHOCTU HAYA 18 KOOPIUHAT, KO-
TOpas ABJIAETCA aCUMIITOTHYEeCKH ycToiunBoii. 11 Tpebyercs mpoBecTu onenky 3toit obiactu. B
JACTHOCTH, 3HAYUTEIbHOE YUCIO0 ""CTpaHHBIX aTTpaKTOpoB' mpercTaBiasior coboil acCHMITOTHYIe-
CKH YCTOWYHMBbIE MHOXKECTBA, HAXOSIINECS B HEKOTOPO# oKpecTHOCTH HYJIsA. C HCIIOIb30BAHHEM
MeTO/Ia KBAAPATHIHBIX (DYHKIHUH JISIyHOBa MOKHO IIPOBECTH OIEHKY OOJACTH YCTORYINBOCTH,
a UMEHHO, BBIYUC/IUTH JUINIIC, BHYTPH KOTOPOTO OHU HAXOJATCS.

PacemorpuMm cucremy andpdepeHIHANIBHBIX YPABHEHNNH ¢ KBaJIPATUYIHON HMpaBOil YacTbio.
BanumeM ee B yHUBEPCAJIbHOM BEKTOPHO-MATPUIHOM BHJIE

i = Az + X' Bux, (1)
rae
r€R", Ac RV, XT = [XlT,XQT, .o XE
BT = {BIT,BZT, Bﬂ, X; € R™™, B;e R™.

Bnech X — MaTpuIbl, y KOTOPBIX Ha {—if CTPOKe CTOSAT €JMHUIBI, OCTAIbHBIE 3J1eMEeHThl HyJIe-
Bble, B;, © = 1,n — cuMMeTpuIHbIe MATPUIBL. [ cucTeM ¢ HeJIMHEHTHOCTBIO 9TOTO BHJIA MOJTHAST
npousBogaHad pYHKIUU JId1myHoBa UMeeT BUT

d T
%V(a@) —iHe+ 2 Hi = {Aw + XTBx] Hx+2"H {Ax + XTB:U] = —27Cx + S3(x)

S3(z) = 27 (X' B + BX) x. (2)

Baecy S3(x) — xybuueckast dhopma Buma (2). O6aacTb rapaHTHPOBAHHON ACHMITOTHYECKOMH
YCTOIYMBOCTH HYJIEBOI'O IIOJIOKEHHsI PABHOBECHSI HMEET BUJI BHYTPEHHOCTHU 3JUIAIICA

)\min(C)
Usz{xeR":|xy<—}.
2|H||B|

B psize ciydaes cuctema e umeer HysneBoro pemrenus, T.e. R(0) # 0 . B arom caygae dyHk-
nua Jlsuynosa V(x) = 2T Hr nossonser onenutsb obnacth npursaxkenns U, () Henruneiinoi
CHCTEMHBbI.
1. Hasugos B. ®., Xycainos 1. 4. MaxkopanTai ominku po3s’a3kiB audepeHIiajbHIX CUCTEM 3
KBa/[PaTHIHOI mpaBoio wactuHoo // Bicumk Kuiscekoro yu-ty. Cepist: ®@iznko-maremarndni

mayku, 1994. — C. 206-211.
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MATPUYHA JUOEPEHIITAJIIBHO

AJITEBPAIYHA KPAMMOBA 3AJJAYA

3 IMITYVJIbCHNMM BITJINBOM
C. M. Yyiiko, M. B. [31006a
Joubacwkkuit gepzaBuuit nejaroriaauit yaisepcuret, M. CJIOB THCHK
chugko-slav@inbox.ru
Buaii1eHo KOHCTPYKTUBHI HEOOXi HI 1 JocTaTHI yMOBH iCHYBaHHSI, a8 TAKOXK KOHCTPYKIList
y3arajabHeHOro omeparopa ['pina ajst mobyoBu po3s’si3kis [1-3]

Z(t) € Cixﬁ{[a,b] \{7:}:} = CHa,b) \ {7} } QR¥™P =12 ...,p
MaTpu9HOI mudepeHIiaabHo-aare0paiaHol KpaiioBoi 3a1a4i [4, 5|
AZ'(t) =BZ({t)+ F(t), t#7, LZ()=2A AR, (1)

Tyr
AZ(t) : Coyplla, 0]\ {mi}r} = Coxs{la, b\ {7} 1} = CH{la, ] \ {m}1} @ R

— MarpuuHHmii qudepenniatbao-anre6paiHuil onepaTop, aKuit 3a O3HAYEHHAM, I Oy/Ib-sIKUX
ckangpuux ynxuiit ¢(¢),£(t) € CH[a,b] \ {r;}1} i Byab-gKux cTanux MaTpuib =;, =, € R*A
3a0e31e4ye piBHICTH

AT (1)Z1 +(1)Z2) () = C()AE)(E) + (1) AE)(1).

Anajioriano, ajarebpaldnuii MATPUIHUI OEPATOD

BZ(t) : Couplla,b)\ {7i}1} = Clsila, B\ {7} 1}

3a O3HAYEHHAM Jjis Oyb-akux ckangpuux dbynkuii ((t), () € CHa, 0]\ {r;}7} i Oyap-axux
CTAINX MaTPHIb =1, =9 € R**? 3a6e3meuye piBHICTS

B(C(1)Z1 + £(1)=2) (1) = C(1)B(Z1)(t) + E(1)B(Z2) (1)

Tyt rakox F(t) € Cyxs{la,b] \ {7;}1} — nenepepsra npn t # 7, marpuns ta LZ(-) — xiniiiamnii
obMezKeHnnit MaTpuIHnii OYHKIIOHAI:

£Z() :Zglz() Cixﬁ{[CL’b]\{TZ}I}%RHXll? O‘#ﬁ?é’Y?éé?é/ﬁ#Vv 7‘217 27 R 2
=0

e
Gz() s Couplmin T [ RV, =0, ..., p—1, m:=a, Gz(-): Chyslmp, b — R

— JiiHifini oOMezKeHi MaTpudHi (PYyHKIIOHAIN.

1. Boichuk A.A., Samoilenko A. M. Generalized inverse operators and Fredholm boundary-value
problems (2-d edition). — Berlin; Boston: De Gruyter, 2016. — 298 p.

2. Cawmoitsenko A. M., [Tepecriok H. A. duddepennmaababie ypaBHEHUsT ¢ UMIYJILCHBIM BO3Ie-
creueM. — Knen: Buma mk., 1987. — 287 c.

3. Uyiiko C.M. Omneparop I'puna kpaesoit 3agaun ¢ uMnyiabcHbM Bosgeiicreuem // Inuddepentr.
ypasaenus. — 2001. — 37, Ne8. — C. 1132-1135.

4. Campbell S. L. Singular Systems of differential equations. — San Francisco-London—Melbourne:
Pitman Advanced Publishing Program. — 1980. — 178 p.

5. Chuiko S. M. The Green’s operator of a generalized matrix linear differential-algebraic boundary
value problem // Sib. Math. J. — 2015. — 56, No4. — P. 752-760.
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ABTOHOMHA TIEPIOJNYHA 3ATJAYA
AJILD PIBHAHHSA TUITY XIJIJIA
C. M. Yyiiko, O. B. HecmesoBa
Jloubacekuit gepzxaBuuii negaroridauii yaisepcuret, M. CJI0B THCBK
chugko-slav@inbox.ru

HocniazKeHo 3a1a9y Mpo 3HAXOJZKEHHsI YMOB iCHYBaHHsI 1 moOy10By po3B’si3KiB [1]
y(t,2): Y- e) € C0, ()], Ty(0) = 27, y(t, ") € C[0,
ABTOHOMHOIT HepioundaHOT 3aa4i j1yist ciaabKoHe HiffHOrO piBHsHHS THy Xiaia |2]

y”(t’ 5) + y(t’ 6) =& Y(y(t7 5)’ 5)' (1)

Po3B’s130K mepioguyHol 3ajadi s piBHsAHHS (1) HIIyKaeMO y MaJoOMy OKOJI MepiogudHOro
po3B 3Ky Yo(t) € C?[0, 27] MOPOAKYIOIOl TIEePIOANTHOI 330241 /1 PIBHAHHS

Yo (t) + yo(t) = 0.

Tyt Y(y,e) — Heniniiina ckansipHa (DYHKIA, 30KpeMa, MOJIHOM Bij HEBITOMOI Y Ta MAJoro
mapaMerpa €, BUSHAYEeHOTo Ha Biapisky [0, o). Hamu po3misiHyTo BUIAI0K HASIBHOCTI KPATHUX
KOPEHIB PIBHAHHS JIj18 TOPOJIZKYIOUNX aMILIITY/1

sint
—cost |-

27
F(co, Bo) := /0 H,(s) lY(yo(s,co),s) —2-Bo-yo(s,co)| ds =0, H.(t) = [
Hesinoma f(e) Busnauae nepiof [3|

T(e) :=2m(1+¢ep(e)), Pe) € Cl0,e0], B(0):= Py

po3B’a3Ky piBHsiHHS (1).

JIng 3HaxXo/ZKeHHs PO3B A3KiB TOCTABJICHOI 33/1a4l Yy YaCTUHHOMY KPUTHUYHOMY BHIIAJIKY
OTpUMaHI KOHCTPYKTHBHI HEOOX1/THI 1 JIOCTaTHI YMOBHU iCHYBaHHS, a TaKOXK OOy ToBaHa 30iKHA
iTepalmiiiHa cxeMa. 3allpOIOHOBaHA iTepallifiHa TeXHIKa J03BOJIA€ 3HAXO/KEHHS PO3B’SI3KiB aB-
TOHOMHOI TTePIOANYHOI 334241 s PIBHAHHS THIY X114, IKi € nepiotnIHuMu pyHKINIIMA. K
HPUKJIAJ, JOCJII2KEHO 3a/1ady PO 3HAXOJ/[?KEHHsI HMePIOAUIHUX PO3B’sI3KiB CJaOKOHETIHIfTHOrO
piBuanng oddinra

y'ty=e-y’.
Optepxkani HaMu apyTi HAOJIMZKEHHS 10 TepioanIHOro po3s’s3Ky piBasgaHS Jlfoddinra 3nadno
[IE€PEBEPIIYIOTh 338 TOYHICTIO HAOJIMKEHHS, OTPUMaHI 33 TPAIUMNIHHIM METOJOM IIPOCTUX iTe-
pariif, a Takoxk TexHikoio bybnosa—I'aiabopkina. s OomMiHKK TOYHOCTI 3HAKICHUX HAOIUKEHD
JI0 TIePiOAUYHHUX PO3B’a3KiB piBHsHH foddilra BUKOPUCTOBYBAJIUCH BEJIUUNHHE HEB SI30K ITUX
HaOJIMKEeHb Y BUXIJHUX DIBHAHHSIX.
1. Boichuk A.A., Samoilenko A. M. Generalized inverse operators and Fredholm boundary-value
problems (2-d edition). — Berlin; Boston: De Gruyter, 2016. — 298 p.
2. dxy6opuu B. A., Crapxunackuit B. M. Jluneiinbie quddeperinaibabie ypaBHEHUS C TEPUOJIH-
geckuMu Koahduimenramu u ux npuiaoxkenus. — Mockpa: Hayka, 1972. — 720 c.

3. Uyiiro C. M., Boitayk 1. A. ApronoMHast HeTepOBa KpaeBasd 3aJada B KPUTUICCKOM CJydae //
Heuiniitni kosmBanns. — 2009. — 12, Ne 3. — C. 405-416.
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YMOBU ICHYBAHHS € JMHOTI'O ITOJIOYKEHHS PIBHOBAT'U
BAIOAYI KOLII A1 JIIHIMHUX MATPUYHUX

ZLHQDEPEHHIAHbHO—AHFEBPATI{HI/IX PIBHAHD
C. M. Yyiiko, . B. Cucoes
Jloubacekuit aepzxaBuuii negaroridauii yaisepcuret, M. CJI0B THCHK
chugko-slav@inbox.ru

BceranosjieHo JjocraTHi YMOBY iCHYBAHHS €JIMHOIO 11OJIOZKEHHS PIBHOBAru

Z(t) € CL 4la,b) := C'la,b] @ R™F AZ'(t) =0, BZ(t)+F(t)=0

axf

zaja4i Ko s audpepennianbio-ajaredpaianux piBHAHDb
AZ'(t) = BZ(t) + F(t), Z(a)=2, AcR>F (1)

Ty [1-3]
AZ'(t) =) S Z'(R,(t), BZ(t) =Y (1) Z(t),(t)

i=1 j=1

— JIHIAH] MaTPpHYHI OllepaTopH,
Si(t), ©i(t) € Cyxala,b], Ri(t),V;(t) € Caxsla,b], F(t) € C,xsla,b]

— HellepepBHI MaTpHIl; Kpim Toro «, 3,7, € N — 10BiabHI HATYpaIbHI YUCIA.

Marpuune nudepentiaapuo-anredpaiune pisaanng (1) y3aragbHIOe TPAIUIiHHI TOCTAHOB-
KU, K JIJisl MATPUIHUX JuepeHIialbHuX PiBHAHD [4, 5|, Tak i aus qudepeniianbHo-aarebpaid-
HUX piBHsHB |2, 3, b|. BanpononoBana KOHCTPYKTHBHA CXeMa HOOYI0BU MOJIOKEHHs DIBHOBAI'H
3ata4i Kol y Bunaiky, Koy JiHiiinuit oneparop L, BiANOBIHU OIHOPIIHI YacTHH] pIBHAHHS
HEe Ma€ 0DepPHEHOTO.

HocutizKeHHS KpaioBUX 3a/1a4, 4K MATPUIHUX, TaK 1 JudepeHniaabHo-aJIredpaiaHux, IpyH-
TYEThCS Ha JOCTIIKEHHI aarebpaldHuX MATPUIHUX PiBHSHDb, 30KpeMa, pe3y/abTaTH, OTPpUMAaHI
JTST MATPUIHOTO MucbepeHIiaTbHOro piBHAHHES JIsnyHoBa [6] Ta pesyabraru J0CTiIzKeHH MAT-
pudHUX PiBHSAHB [5, 6, 7|, y Tomy uncii, piBaanb Tuny Jlsmyrosa ta CuibBecrpa.

1. Boichuk A. A., Samoilenko A.M. Generalized inverse operators and Fredholm boundary-value
problems (2-d edition). — Berlin; Boston: De Gruyter, 2016. — 298 p.

2. Campbell S.L. Singular Systems of differential equations. — San Francisco-London—Melbourne:
Pitman Advanced Publishing Program. — 1980. — 178 p.

3. Chuiko S. M. The Green’s operator of a generalized matrix linear differential-algebraic boundary
value problem // Sib. Math. J. — 2015. — 56, No4. — P. 752-760.

4. Boichuk A.A., Krivosheya S.A. A Critical Periodic Boundary Value Problem for a Matrix
Riccati Equations // Differential Equations. — 2001. — 37, No 4. — P. 464-471.
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50 JIET TEOPUU
VMITVJIBCHBIX KPAEBBIX 3AJTAY
C. M. Yyiiko, E. B. Yyiiko, A. C. Yyiiko
Jloubacckuit rocyapcTBeHHBIN negarorndeckuii yaupepcurer, T. CIaBsHCK
chugko-slav@inbox.ru

B 2017 roay ucnosmusgercda 50 jieT KOHCTPYKTUBHOM TEOPUHM UMIYJILCHBIX KPAeBBIX 3aJ1a4,
a mmenno, — b0 ser ¢ momenta myGaukanuu craren [1]. Kak wmssecrno, mcciemosanue mM-
YJIBCHBIX KPAEBBIX 3324 /11 OOBIKHOBEHHBIX UMM epeHInaIbHBIX YPABHEHUN, TPAIUIIHOHHOE
JIJIT KHeBCKOM TIKOJIBI HEeJIMHEHHBIX Kostebanuil, Ob110 HavaTo B 1937 roxy H. M. KpbLioBbsiM u
H. H. BoroitioboBbiM ¢ u3ydeHns MEXaHU3Ma, 9acoB, B KOTOPOM 3aTyxaHue KoJebaHnuil, BbI3biBa-
eMoe TPeHHeM, KOMIIEHCHPOBAJIOCH MePUOANIeCKUMI TOT9KaMu aikepa [2]. Kpome Toro, B 1937
r'o/ly pa3pbIBHbIE MEXaHUYECKHE, & TAKZKe JEKTpHIECKUe KojebaHns o0CyKAAJTUCH B U3BECTHOI
monorpadun A. A. Augpornosa, A. A. Burra u C.9. Xaiikuna [3]. 3amerum, uro uccienosa-
HUEe UMITYJIbCHBIX KPAEBBIX 3aJ1a4, Mpe/IecTBOBaBIIee MyOIuKaluy cTarbu 1], Hocuio mocra-
HOBOYHBIN XapaKTep W OTPAHUUNBAIOCH TMEPEUYUCTCHIEM MTPUMEPOB UMIYILCHBIX TMPOIECCOB B
MexaHUKe, 3JeKTponuKe, (busnonorun [3,4|; kpome Toro, uccae oBaHRe UMIYTbCHBIX KPAEBBIX
3a/1a9 OBLIO COCPETOTOYEHO IPEMMYIIIECTBEHHO Ha JINHEHHBIX cucTeMax [5).
Takum obpazom, B 2017 roxy ucnosusgercda 50 jer (popMyJTHPOBKe OOIMHUX MTOJTOXKEHUH Teo-
PUK KPaeBbIX 3aJa4 JjIs HeJIMHEHHBIX cucTeM OOBIKHOBEHHBIX UM depeHIInaIbHbIX VPaBHeHHIT
¢ UMITYTLCHBIM BO3JeHCTBUEM B (DUKCHPOBAHHBIE MOMEHTHI BpeMeru [1]. B wacrHocTu 6bau mo-
JIYUEHBI YCJIOBUS €IMHCTBEHHOCTHU pelllenus 3a/adn Koiim, a Takzke yCJI0BUS CYIIECTBOBAHUSI
€JIMHCTBEHHOI'O TIEPUOIMYECKOr0 pertenus 3aa4n Ko g HeTHHEeHHBIX cUCTeM OObIKHOBEH-
HBIX i depeHmaabubIX YPaBHEHU ¢ UMITYJILCHBIM BO3/IeiCTBHEM B (DUKCHPOBAHHBIE MOMEH-
THI BPEMEHU.
JlanbHeilliiee pa3BUTHE TEOPUHM KPAEBBIX 3aJad9 JJIsd HEJHHEHHBIX CHCTeM OOBIKHOBEHHBIX
juddepeHnnalbHbIX YpaBHEHUIT ¢ MMITYJIbCHBIM BO3/ieficTBUEM B (PUKCUPOBAHHBIE MOMEHTBI
BpeMeHH IpezK/ae Bcero csazano ¢ Mmonorpadusvu A. M. Camoitnenko u H.A. Tlepecrioka [6],
a takke A. M. Camoiinenko n A. A. Boiiuyka [7]. VccaenoBannio Teopun KpaeBbix 3a7ad Jist
JIMHEHHBIX CUCTEM OOBIKHOBEHHBIX /T hepeHInaabHbIX yPaBHEeHUN ¢ MMITYJILCHBIM BO31eHCTBH-
eM B (pHKCHPOBAHHBIE MOMEHTHI BPEMEHU B BHJE IPOM3BOJILHBIX JIMHEHHBIX (DYHKIIMOHATIOB, B
ormame or crarbu |1, 3aJaHHbIX He 00513aTEIBHO B OKPECTHOCTH MOMEHTOB UMILYJILCHOIO BO-
3/IefiCTBIS MOCBSIEHA cTaThs [8].
1. Meimkuc A. 1., Camoitiienko A.M. Cucrembl ¢ ToJYKaMK B 3a/laHHble MOMEHTHI Bpemenu //
Maremar. cbopauk. HoBas cepus. — 1967. — 74 (2). — C. 202-208.

2. Kpsuio H. M., Borosirobos H.H. Bsegenue B nenuneitayo mexanuky. — Kues: W3n-so AH
VCCP, 1937. — 365 c.

3. Amnponos A. A., Burr A. A., Xatikun C.3. Teopus konebanuii. — Mocksa: Hayka, 1981. — 568 c.

4. Fitzhugh R. Impulses and physiological states in models of nerve membrane // Biophysical
Journal. — 1961. — No 1. — P. 445-466.

5. Musnbman B. /1., Meiukuc A.JI. O6 ycroitunsocru jpuzkenns npu Haguwauu toaukos // Cub.
Mart. xypH. — 1960. — 1, Ne 2. — C. 233-237.

6. Camoitienko A. M., [Tepecriok H. A. Tuddepenimaibabie ypaBHEHUsT ¢ UMITYJIBCHBIM BO3J1€i-
crBueM. — Knen: Buma mxk., 1987. — 287 c.

7. Boichuk A.A., Samoilenko A.M. Generalized inverse operators and Fredholm boundary-value
problems. — Utrecht; Boston: VSP, 2004. — 317 P.

8. Chuiko S. M. A Generalized Green operator for a boundary value problem with impulse action
// Differential Equations. — 2001. — 37, No8. — P. 1189 — 1193.
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['PIAI-AJITOPUTMU HA KJIACAX (¢, 8)-TUOEPEHIINOBHUX
OYHKIIIN

BikTopia IlIkana
KwuiBchbkuit mamiona bHUN yHIBEPCHTET TEXHOJOTIH Ta au3aiiny, M. Knuis

vshkapa@ukr.net

JocaimKyIoThes IPLIi-aJITOPATMA Ha KJIacax LZ , eploananux GyHKuifl ogHiel 3MIHHOL ¥
upocropi L, g Jedkux cuisBiJHOlIeHb MikK napamerpamu p Ta ¢. Kiacn Lg’p Oy/10 BBeE-
meHo O.1. Cremannem (nums., Hanpukaan, |1, c. 25]). Bazwaunmo, mo y sumaaky ¢ (|k|) =
k|77, 7 >0, k € Z\ {0} porn sbirarorses 3 knacamn Betina-Hana W | (nus., manpukian, [1,
c. 25)).

Yepes B mo3HAYUMO MHOXKUHY JTOJATHHX 1 HE3POCTAIOUUX (DYHKIIIH 1), I KOXKHOI 3 SKUX
icuye Taka craga C' > 0, 1m0 % <C,teN.

L, — mpocrip BumipHux 27m-nepiogmanux GyHKIiH f 31 cTaHAAPTHOIO HOPMOIO.

Hexaii {f(k(l))}[’il — koedimientu Dyp’e {f(k:)}kez dyukii f € Ly, BIOPSIKOBaHI y IT0-
PAJIKY HE3POCTaHHS 1X MOMYJ/IB, TOAI BEIUUNHY

f(x) =Y fk(D)e™O"

=1

Gm(LZ’p)q = sup
feLy

q

HAa3MBAIOTh BeJIMYHHOIO HAO/IMKeHHA B IpocTopi L, Kiacy Lg,p 38, JIOTIOMOI'0IO T'Pijl alpoKCH-
MaHT. 3 ICTOPIEI0 JTOCIIZKEeHHS JaHOT BeJINYNHE IS JeIKNX BaXKANBUX (PYHKIOHAJIbHUX KJIACIB
MOXKHA O3HaffomuTHCs y MoHOTpadii [2].

Cdopmyaoemo orpuMani pe3yabTaTu.

Teopema 1. Hexati 1 < p < q < 2, v € B, B € R i, kpim mozo, icnye € > 0 make, wo
NOCAII08HICMY w(t)t%_%%, t € N, ne apocmae. Todi cnpasedrusa nopadkosa ouiHka

Gm<Lg,p)q = (m)mr~ 2.

Teopema 2. Hezati 1 < ¢ <2< p<oo, ¥ € B, B & R. Todi cnpasedause nacmynne
CNIBBIOHOULEHHA

Gm(Lg,p)q = w(m)

SayBarkennsi. [loknasiu B Teopemax 1, 2 ¥(|k|) = |k|™", orpumaemo BianoBiIHI pe3y/ib-

Tatn Jid ernauH G, (W) 5),, axi paninte 6y10 orpuvano B. M. Temmnaxosum y pobori [3].

1. Crenanern A. 1. Knacendukarnus n npuban:kenne nepuoandecknx dyukmmit. — Kuis: Hayk. mym-
ka, 1987. — 286 c.

2. Temlyakov V.N. Greedy approximation. — Cambridge: Cambridge University Press, 2011. —
418 p.

3. Temlyakov V. N. Greedy algorithms with regard to multivariate systems with special structure
// Constr. Approx. — 2000. — 16. — P. 399-425.

99



HAB/IMYKEHHST ®YHKIIN 3 KJIACIB
HIKOJIbCBKOIO-BECOBA LIJIMMU dYHKIISIMU

Cepriii dudenko
Tacturytr maremaruku HAH Vkpainu, m. Kuis
yan.serqiy@gmail.com
Y monoBiai MoBa Gyjie WTH MPO TOYHI 3a MOPSJIKOM OIIHKK HabJ/MKeHHsd (DYHKINH 3 KIaciB
S eB (R%) [1] 3a momomoroto ninmux GyHKIiil eKCIOHeHIiaIbHOTO THIY 3 HOCIAME iX IIepeTBope-
nog Pyp’e y cxiguacromy rinepbossignomy xpecti, p = 1.

Hexait L,(R?), 1 < ¢ < 0o, — npocrip umipunx ynkuii f(x) = f(zy,...,7,) BU3HaUeHAX
na RY, d > 1, 3i crangapruoo nopmoio || - ||,

Bekropy 7 = (ry,...,rq4), 0 <1y = -+ =71, < r,,H < --- < 74, TOCTABEMO Y BiJIO-
BigHiCTE BeKTOD ¥ = (V1,...,7%a), v = 7j/r1, § = L, d. Jna s € Z%, n € N, nokaazemo

QY = Usryen @ses e Q3 = {A = (M1, ., Aa) = (s j)z% V<N <290 €R, j=1,d}, ra

IIO3HAYUMO
G(QY) = {f € Ly(®Y : supp3f < Q.

Mnozkuna ()] mIOpoIKye B R¢, Tak 3BaHmil, cximgacruil rimep6oTivHmil XpecT.
Tnst f € Ly(RY), 1 < ¢ < 00, 03HAYUMO BeJIUUUHY

E(f.G(Q7)), = Eq;(flg:=inf [If(:)—g()llq, (1)

geG(QN)

sIKa, HA3WBAETHCSI HATK paruM HaOImKeHHIM (DYyHKIT f mianvu hyHKIISIMEA 3 MHOKITHH G(QZ)
ko F C Ly(RY) - pesikuit dynxnionanbuuii kiac, 1o noknanemo Egy (F)y = supsep Egy(f)g-
Haqi, na f € Ly(R?), 1 < g < 00, posraigaemo

Souf(x) = Sgy(f.x) = > 6i(f.m), TR,

(s,7)<n

g 63(F,2) = 57 (X, 81 X

BiAIOBiIHO mpsMe it obepHeHe neperBopenns Pyp’e dyukmii f. O3HaAYUMO TaKi BeJTHIHHI

Equ(fa = 1) = SqufC)lle ma Equ(F)q = igngz(f)q-

— xapakTepuctudna bynkiio muokuaun Q7 a Ff i FLf

Teopema 1. Hexati 1l < qg<ooir; >1— %. Todi daa 1 < 0 < 00 maroms micue nopadkosi
CNIBBIOHOULEHHA
yo1y(1_1
EQI{(S{,&BLJ = ng(S{,9B>q = 2—n(r1—1+%)n( 1)(q 0)+7
de a, = max{a; 0}.
Teopema 2. Hexatir; > 1, 1 < 0 < 0o. Todi mae micue nopadkose cnig8io0HOWEHHA

€0 (SToB) = 27 =Dp=(1=5),

Touni 3a nopstakom oninku Beqmannu (1) mis kiacis Hikoaseskoro STH (R?) (teopema 1)
BCTaHOBJIEHO B [2|. Pesynbrar Teopemu 2 € HOBUM 1 171s1 K1acis HikoabebKoro.
1. Awmanos T. U. Teopems! ipecTaBiers U BAOKeHUs 71t PYHKINOHAJBHBIX TTPOCTPAHCTB Sz(:gB (Ry)
n S B, (0<a; <2m j=1,...,n) // Tp. Mar. un-ra AH CCCP. - 1695. - 77. - C. 5-34.

2. Heping W., Yongsheng S. Approximation of functions in S/”l”vL, ST H by entire functions // Approx.
Theory and its Appl. — 1999. — 11, No4. — P. 88-93.
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KBABIJIIHIMHI JUPEPEHUIAIBLHI PIBHAHHSA I CUCTEMU
EJINITUYHOTO TUITY B JUBEPIEHTHIN ®OPMI

Mukosa IBanoBuu fpemeHKO
Hamionasauit rexaiunuit yaisepcurer Ykpainu "KIII imeni Irops Cikopepkoro" , m. Kuis

math. kiev@gmail. com
PosrigreMo B ychoMy eBKJigoBoMy mpoctopi R kBasimimiitny amdepeHmiaibny cuereMmy

€JIITUYHOIO TUILY B JIMBEPreHTHIN POpMI, BULJISILY:
0 0

At — — (a2, @) =—u* ) + V" (z, @, Vi) = f*, k=1,..,N, 1
D O R A AR, 0
7e HeBimoMoIo € BekTop-byHKMia u (1) = (ul, ....,uN)7 A > 0 miiicae 4mcno i f(x) = f* =
(fY, ..., fV)- zamana Bexrop-bynkuiga. ®yukmia b(z,u, Vu) = b*(z, u*, Vu*) — pexTop-bynxuis
noBXKUHA N TPhOX 3MIHHHX: BEKTOPa PO3MIPHOCTI [, BeKTOpa po3MipHOcTi [N, MaTpuiii po3mMip-
uocti [ X N. Bumipua marpuus a;;(z,u) posmiprocti [ X | 3310BOJIbHSIE YMOBY €INTHIHOCT.

Vzarambaennm (crabxum) poss’sskom 8 WL (R! d'z) nazusaetbes enement u (x) axuii 3a10-
BOJIbHAE IHTeIPaJbHy TOTOKHICTD!

0 0
)\(U,’U)‘I— Qjj>—U, 57—V +<b,U> = <fvv>7
<i j=1,...1 Jaajj 83:1 >

7]:

It OyIb-SIKOTO eJIeMeHTy v € W{{O(Rl, d'z). Buxoaduu 3 1pOro o3HaYeHHd 3a JiBHMH YaCTH-

N N
HAME CHCTeMH TOOYIYEMO CKATspHY dopmy hf : <>< WP(R', dlx)) X <>< W(R!, d%)) — R,
1 1

RS (u, v) = A (u,v) + (Vv oao Vu) + (b(z,u, Vu),v),
AKy OyJeMo BBayKaTH BU3HaueHolo s Beix enementis u € WFP(R' d'z), v € WH(R! d'z).
Ha xoxkuoro dikcosanoro sekrtopa u € WY dopma hf (u,v) € memepepsuuMm mimiitanmM (1o
v € W) dyukuionanom nax Wi a orxke koxxunomy u € W} craBurbes y BiAIOBLIHICTD ej1eMeHT
cupsizkenoro g0 W{ npocropy WP, to6ro icuye Bimobpaxkenns AP : WP — WP,. Oneparop
AP WP — WP, nie raknm annom: hS (u,v) = (AP (u),v).

Teopema. Hexat cucmema (1) 3adosoavrae ymosam: 1) b(x,y, z) € sumiproto 6exmopHoto
pynxuiero ceoiz apeymenmic i b € L (R); 2) eexmop-dynxuia b(z,y, z) matioce cxpisv 3a-
dosonvrae nepierocmi: |b(x,u, Vu)| < py(z) [Vul + pe(x) [u| + ps(x), dynkuii ui € PKg(A),
pa € PKg(A), us € LP(RY). 3) npupicm eexmop-pynxuii b(x,y, z) matioce ckpisv 3ado6oab-
nae ymosy: |b(z,u, Vu) — b (x,v, V)| < pg(x) |V (u—v)| + ps(x) |u —v|, de ui € PKz(A),
ps € PKg(A), modi u(z) ¢ ysazarvnenum posze’askom cucmemu (1), wo naaescums npocmo-
py WE(R!, d'z), i nexati mampuusa a;;(x) e eainmuunoro, i nexati xoedivienmu cucmemu (1)
000amK060 300080ABHANOMD YMOBAM ‘%aij(x)’ < 00, 1 YMOBU POpM-00MeNHCEHOCTL PYH-

kit b (mobmo nanescrnicms Gynkuid w; 0o 6idnosionux dyrryionasvnus xaacie, i € PKg,
(up2)’ € PKg, 3 € PKg, papis € PKg, pigpis € PKg, jis € PKg, pi2 € L? kpim mozo wucao A
€ OCAMHBO BEAUKUM, MOOMO DIALWUM \g, AKE BUSHAUGEMBCA 3 YMO06 3adayi. Todi po3e’asok
6yde nanesrcamu npocmopy WE(R!, d'x), mobmo 6yde noxpawenns siacmusocmeti pose’asky,
368YNHCEHHA KAGCY GYHKUIT DO AK020 HANENHCUMD PO3E A30K.

1. Jlageikenckas O.A., Ypanbiesa H.H. Jluneitibie n KBasnanHeHHbIE YPABHEHAS SJLTHITTHIECKOTO
tuna. — Mocksa: Hayxka, 1973. — 579 c.

2. dpemenko M.I. Kpazijiniiini piBasiaad Ta HeriHifiHl HamiBrpynu crucky. — Kuis: HTYY "KIII" |
2013. — 201 c.
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