Mownorpadus "CnnaiiH-BeniieckoBasi 00padoTKa MOTOKOB CTPYKTYPHUPOBaHHOH uHpopManun"

KomnektuB aBTOpOB: JOKTOpP (HU3MKO-MaTeMaTHUECKHX Hayk, mpodeccop, mpodeccop Kadeapst
BerancnTensHOoN MaTemaTuku CIIOIY Bypoma HMpuna ['epacumoBHa, TOKTOp (DH3MKO-MATEeMAaTHICCKIX
HayK, npodeccop, mpodeccop Kadeapsl mapamienbHex anroputMos lembsaoBud HOpuit Kazumuposuy,
JOLEHT Kadeapsl MapajuieNIbHBIX ajirOpUTMOB, KaHAMAAT (HU3MKO-MaTeMaTH4YeCKuX HayK EBmoknmoBa
Tatbsina OusieroBHa, JOUEHT Kadeaphbl HMapauiebHBIX aJrOPUTMOB, KaHIUAAT (PU3MKO-MATEMATHYSCKUX
Hayk VBanmoBa Onpra HukomnaeBHa.

Kuura mnocpsieHa crulaiiH-BCIUIECKOBOHM (BIHBIIETHOW) 00pabOTKE IMOTOKOB CTPYKTYPHPOBAHHON
yrcnoBoi MHQpopManuu. [IpeokeHsl afalTUBHBIE CXEMbl OJHOBPEMEHHOW 00pabOTKH HECKOIBKHX
MTOTOKOB, CTPYKTYpPa KOTOPBIX XapaKTepru3yeTcsl K3MEHUYMBOCTHIO KaK BO BpEMEHH, TaK U B IPOCTPAHCTBE.
BBoauTcs monATHEe OOOOLICHHOM TINAIKOCTH, Onarojaps 4YeMy YIAaeTcsi PacCMOTPETh CHHTYJISIPHBIC
CIUIAIH-BCIIECKH, a TAKXKE YCTAaHOBUTH BJIOKEHHOCTH CIUIAHOBBIX IIPOCTPAHCTB Ha BJIOKEHHBIX CETKAX.
AHanuzupyeTcs BCIuleckoBas 00padOTKa IeOYHCICHHBIX TOTOKOB C MCIOJIB30BAHHEM LEJIOUUCICHHON
apupmetnku. MccnenoBanusi pacipoCTpaHsIOTCs Ha BecbMa OOLIME CUTYallMd: Ha TMOTOKH KOHEYHBIX W
OECKOHEYHBIX BEKTOPOB, Ha IOTOKM MATpHIl, a TaKXKe Ha IIOTOKH OJIIEMEHTOB HOPMHPOBAHHBIX
npoctpancTB.  llpeacraBieHsl — aganTHBHBIE — CIUIAHH-BCIJIECKOBBIE  PA3JIOKCHHUS  IIOTOKOB,
ACCOLMMPOBAHHBIX C KJIETOYHBIM IOJpa3AesieHHEM HPOU3BOJIBHBIX IU(PQEepeHIUPYyEeMbIX MHOTO00Opa3uii
(B TOM 4HMCIIE TTIAAKUX [TOBEPXHOCTEN).

W3manme mpemHa3HauyeHO I HAyYHBIX PAOOTHHUKOB, ACHUPAHTOB W CTYACHTOB, a TAaKKe IS JIHII,
3aHUMAIOIIUXCS TTPoOIeMaMy 0OpaOOTKH YUCIOBBIX HH(POPMAIIMOHHBIX TOTOKOB.

[lepBas ry1aBa CONEP)KUT CIUIAH-BCIUIECKOBBIE (BIWBIETHBIE) pa3iOkKEHHS IPOCTPAHCTB CILIAHOB
pa3IMYHbIX IOPSJKOB HAa HEPAaBHOMEPHOHW CETKe. 34eCh MCCIENOBaHbl ACHMITOTHYECKHE CBOWCTBA
KOOPJIMHATHBIX CIUIAMHOB, [UIS HUX IOMYYECHbI ABYCTOPOHHHUE OLIEHKH M HalAEHBI JOCTATOUHBIC YCIOBUS
UX HOoJ0XuTeNbHOCTH. CIIaifHOBOE Pa3ioKeHHE — 3TO MPEeACTaBICHHE 00bEMIIIOLIECIO MPOCTPAHCTBA B
BHJIE IPSIMOM CYMMBI BJIO>KEHHOT'O MPOCTPAHCTBA U TOT'O WJIM MHOTO AONOJHEHMs K HeMy. OTcrosia BUIHA
(yHIaMeHTaIbHAS POJIb BIOKEHHOCTH MTPOCTPAHCTB MPY MOCTPOSHUH BIUBIETHOTO pasnoxkenus. [lo cux
[IOpP PaCCMOTPEHHBIE CILIAMHOBBIE MIPOCTPAHCTBA MAKCUMAJIbHOM IMIaJIKOCTH OKAa3bIBAIUCH BIIOKCHHBIMHU
Ha BJIOKEHHBIX CeTKax. B nanmpHeiieMm BBISICHSETCSA, 4TO TpeOoBaHHME OOOOLICHHOW MaKCHUMaJIbHOW
[JIAJJKOCTU TaKXe MPUBOJUT K BIOKEHHOCTH IMPOCTPAHCTB, ACCOLMMPOBAHHBIX C BIOKEHHBIMH CETKAMHU.

Bropas rmaBa mocBsmieHa cIUlaiiHaM JarpaHkeBa THIA, OOOOIIEHHOW TIIaJKOCTH W YIIOMSHYTOMY
CBOMCTBY BJIIO)KEHHOCTH CIUIAHHOBBIX MTPOCTPAHCTB.

B Tperpeit rmaBe paccMaTpuBaeTCs BCIUIECKOBOE pa3JIOKEHHE IIOTOKAa CIIOXKHOM CTPYKTYPHI,
BKJTIOYAIOIIETO HECKOJBKO MOTOKOB OJHOBPEMEHHO: MOTOK 3HAa4YeHWH (DYHKIMH M MOTOKM 3HAYCHHH
HECKOJIBKMX €€ TPOM3BOMHBIX B y37ax. JlokampHOe yKpylHEHHe/M3MelbYeHHe CIUIAHOBOH CETKH
pPacCMOTPEHO B MEPBBIX TpeX maparpadax; OHHM TOCBAIICHBI CIUIAMH-BCILIECKOBBIM PA3IIOKEHUSIM
MPOCTPAHCTB (BOOOIIE TOBOPS, HEMOJIMHOMHAIBHBIX) CILIAHOB 3PMUTOBA THIA TIEPBOH, BTOPOU W
TpeTBeﬁ BBICOTBI COOTBETCTBEHHO. ba3mc »TUX cIUtaifHOB moJIy4dacTCsa M3 alIlPpOKCUMAallMOHHBIX
COOTHOIIICHWH TP MHUHHMAIBHON KPaTHOCTH HAKPBHITHUS HOCHTEISAMHU 0a3uCHBIX QyHKIHH. [lomydaembre
0a3ucHple BOUBNETH MU GEpPeHIIUPYeMbl U HMEIOT KOMIIAKTHBI HOCHTENb, MPUYEM IIpejiaraeMble
AJITOPUTMBI BEIyT K YBEIMUCHHUIO PA3MEPHOCTH BIUBJIETHOIO MPOCTPAHCTBA COOTBETCTBEHHO HA ABE, TPU
HITH YeTBIpe €IMHULIBL. PesynbraTom SIBIIIIOTCS JIOCTaTOYHO MPOCTEIE (b opMmyIsl
JEKOMTIO3UIIUH/PEKOHCTPYKIINH.

BcemeckoBble  (BIMBNETHBIE) PA3OXKEHUS IIUPOKO HCIONB3YIOTCA TpU  00paboTKe YHMCIOBBIX
WH(POPMALMOHHBIX TOTOKOB; OOBEMBI TAKUX MOTOKOB MOCTOSIHHO BO3PACTAIOT, U 3TO SIBJISIETCS] CTUMYJIOM
K JaJbHEHIIEMY Pa3BUTHIO TEOPUHU BCILIECKOB. MCNOJb3yeMbIi B JAHHOW I1aBe MOAXOJ K IOCTPOEHUIO



BCIUICCKOB ~ OCHOBBIBAC€TCSI HA  MPUMEHEHUHM  alMpPOKCHMAI[MOHHBIX  COOTHOILICHHH, IMO3TOMY
aBTOMaTH4YecKu obecrieunBaeTcs 3(deKkTuBHas anmpokcuManus (Yamie BCEro OHa aCHMITOTHYECKH
onTHUMaibHa MO N-TIONEPeYHUKY CTaHAAPTHBIX KOMIIAKTOB). B MPOTHBOMOIIOKHOCTh KIACCHYECKUM
BOMBIIETAM YHNOMSHYTBHIH TIOJXOJ TO3BOJNISIET 0€3 JIOMONHUTENBHBIX CIOXHBIX — HCCIIeIOBaHUH
WCIOJIh30BaTh HEPABHOMEPHYIO CETKY (KaKk KOHCYHYIO, TAK M OCCKOHEUHYI0), YTO BEChbMa BaXKHO JIJISI
SKOHOMHH KOMITBIOTEPHBIX PECYPCOB B Cilydae TMOSBJICHUS OBICTPHIX H3MCHEHHM pacCMaTpUBACMBIX
HUCXOJHBIX IIOTOKOB. B KiaccumueckoM ciydae OONBIIYIO TPYAHOCTh NPEACTABISET IOCTPOCHUE
BCIUIECKOBOTO (BAWBIETHOTO) 06a3nca B TOM WJIM HHOM (YHKIHOHAIBEHOM IpOcTpaHcTBe. Vcnoabp3yeMblii
3/IeCh TIOIXOJ HE TpeOyeT IMpenBapUTEIBHOIO IMOCTPOSHUS BCIUIECKOBOTO Oasmca (IPU KEIIAHWH STOT
0a3uc MOXeT OBITh TIONYYCH MOCTIEC TPOBEICHHSI OCHOBHBIX HCCIICIOBAHHN ).

SPLINE-WAVELET PROCESSING OF STRUCTURED INFORMATION FLOWS

I.G.Burova (Affiliation: Saint-Petersburg State University), Yu.K.Dem’yanovich (Affiliation: Saint-
Petersburg State University), T.0.Evdokimova (Affiliation: Saint-Petersburg State University),
O.N.lvantsova (Affiliation: Saint-Petersburg State University)

The book is devoted to the processing of spline-wavelet flows of structured numerical information.
Adaptive schemes for the simultaneous processing of several flows are proposed. The structure of flows
is characterized by variability in both time and space. The concept of generalized smoothness, due to it
being possible to consider singular spline wavelets, and setting embedded spline spaces on embedded
grids. The wavelet designing of integer flows is very important. It uses integer arithmetic. Research
extends to very general situations: flows of finite and infinite vectors, flows of matrices, as well as flows
of elements of normalized spaces. Introduced adaptive spline-wavelet decompositions of flows are
associated with the cellular subdivision of arbitrary differentiable manifolds (including smooth surfaces).
The publication is intended for researchers, graduate students and students, as well as for persons dealing
with the problems of processing numerical information flows.

The first chapter contains spline-wavelet expansions spaces of splines of different orders on an irregular
grid. Here the asymptotic properties of coordinate splines are investigated. Two-sided estimates are
obtained and sufficient conditions for their positivity are found.

So, spline decomposition is a representation of the envelop space as a direct sum of the enclosed space
and one or another complement to it. This shows the fundamental role of embedded spaces when a
wavelet decomposition is constructed. So far, the considered spline spaces of maximum smoothness have
turned out to be embedded on embedded grids. In what follows, it turns out that the requirement of
generalized maximum smoothness also leads to the embedding of spaces associated with embedded grids.
Second chapter is devoted to splines of the Lagrange type, generalized smoothness, and the mentioned
embedded property of spline spaces.

In third chapter, we consider the wavelet decomposition of a complex flow structure, which includes
several flows simultaneously: the flow of values of a function and flows of values of several of its
derivatives at the knots. Local coarsening / refining of the spline grid is discussed in the first three
paragraphs; they are devoted to spline wavelet decompositions of spaces of (generally speaking, non-
polynomial) splines of the Hermitian type of the first, second, and third levels, respectively. The basis of
these splines is obtained from the approximation relations with the minimum multiplicity of coverage by
the supports of the basis functions. The resulting basic wavelets are differentiable and have a compact
support, and the proposed algorithms lead to an increase in the dimension of the wavelet space by two,
three, or four units, respectively. The result is fairly simple decomposition / reconstruction formulas.

Wavelet expansions are widely used in processing numerical information streams; the volumes of such
flows are constantly increasing, and this is a stimulus for the further development of the wavelet theory.
The approach to constructing waveforms used in this chapter is based on the use of approximation ratios.
Therefore, an effective approximation is automatically provided (most often it is asymptotically optimal



with respect to the N-width of standard compact sets). In contrast to classical wavelets, the above
approach allows using a non-uniform grid (both finite and infinite) without additional complex studies,
which is very important for saving computer resources in the event of rapid changes in the considered
initial flows. In the classical case, it is very difficult to construct a wavelet basis in one or another
functional space. The approach used here does not require preliminary construction of the wavelet basis
(if desired, this basis can be obtained after conducting basic research).

Momnorpadus "CniiaiiH-BCIUIECKH U X peaju3anus’

KonnektuB aBTOpOB: JOKTOpP (HU3MKO-MaTeMaTHYECKHX HayK, mpodeccop, mpodeccop Kadeaps
BerancimtensHoit MateMatrku CIIGIY Byposa HMpuna I'epacuMoBHa, TOKTOp (hHU3MKO-MAaTEMaTHYECKUX
Hayk, nmpodeccop, nmpodeccop Kadeapsl mapamienbHbix aaroputMoB Jembsnosuy KOpuit Kasumuposuy,
JOLEHT Kaenpbl mapasuiedbHBIX alTOpPUTMOB, KaHAWIAT (PU3NKO-MATeMaTHYeCKHX HayK EBmoknMoBa
Tatpsina OneroBHa.

B npeajiara€MoM HAy4YHOM U3JaHUM B Pa3JIMYHBIX AaCIIEKTaxX H3YyYaroTCsa CIJIaH-BOUBIIETHEIE
pasnoxeHus. JlaHbl CIOCOOBI MOCTPOSHHS IEMOYECK BIIOKEHHBIX MPOCTPAHCTB, B TOM YHCJE IpH
JIOKAJTbHOM YKPYITHEHHUH HEPaBHOMEPHOW CETKH, JaHbl BOWBJIETHBIC (BCILUICCKOBBIC) PA3JIOKEHHS W
PacCMOTPEHBI CTPYKTYPBI ONEPATOPOB THE3JIOBOTO CIUIAWH-BIWBICTHOTO PAa3IOKCHHS TOTYYArOMIAXCS
OpH yJaJeHHW TPYNNbl y3710B (THE3M); BBIBOAATCS COOTBETCTBYIOUIHE (HOPMYJBI JEKOMIO3ULUHN U
PEKOHCTPYKIUH. PaccMaTpuBaeTcsi HHTEPPEPEHIMOHHAS KapTUHA CIIAH-BIWBIETHOTO PA3JIOKCHUS B
cilydae TpeOeHYaTON CTPYKTYphl DIIEMEHTApHBIX THE3J] HAa HEpaBHOMEpPHOW ceTke. J[aHbl anrOpUTMEI
JCKOMTIO3UIIUK U PEKOHCTPYKIIMHU, paccMOTpeH 3(h(GekT 00pa3oBaHUs CTOSUUX BOJH, TONTYYCHBI OI[CHKH
KOMIIOHEHT BIBJIETHOr0 moToka. OOCYKNIar0TCS BOMPOCH TOCTPOCHUS aJrOPUTMOB paciapauieIMBaHus
JUIsL BOUBIIETHBIX PA3JIOXKEHUI KOHEUHO-3JIEMEHTHBIX IIPOCTPAHCTB. PacCMOTpeHBl ammpoKcUMaluu,
HCIIOJIB3YIOUINE 6I/IOpTOFOHaHI)HI)Ie CHCTEMBI (bYHKIII/IOHEUIOB " OIpyrue BOIIPOCHI, CBA3AHHBLIC CO CIIaliH-
BOUBJIETHOH 00pabOTKO# MHPOPMAITHH.

SPLINE-WAVELETS AND THEIR IMPLEMENTATION

I.G.Burova (Affiliation: Saint-Petersburg State University), Yu.K.Dem’yanovich (Affiliation: Saint-
Petersburg State University), T.O.Evdokimova (Affiliation: Saint-Petersburg State University)

In the proposed scientific publication, spline-wavelet expansions are studied in various aspects. Methods
for constructing chains of nested spaces for local enlargement of a non-uniform mesh, wavelet (splash)
expansions are given. Structures of operators of nested spline-wavelet decomposition obtained by
removing a group of nodes (nests) are considered. The decomposition and reconstruction formulas are
derived. The interference pattern of the spline-wavelet decomposition in the case of a comb structure of
elementary nests on an uneven grid is considered. Algorithms for decomposition and reconstruction are
given, the effect of the formation of standing waves is considered. Estimates of the components of the
wavelet flow are obtained. Questions of constructing parallelization algorithms for wavelet
decompositions of finite element spaces are discussed. Approximations using biorthogonal systems of
functionals and other issues related to spline-wavelet information processing are considered.



Burova, 1.G., Doronina, A.G. On approximations by polynomial and nonpolynomial integro-differential
splines (2016) Applied Mathematical Sciences, 10 (13-16), pp. 735-745. IlutupoBano 8 pa3. DOL:
10.12988/ams.2016.613

OPTAHU3AILNU: St. Petersburg State University, Mathematics and Mechanics Faculty, St. Petersburg,
Russian Federation

KPATKOE OIIMCAHMUE: The present article is one of a number of articles in which the authors study
the properties of integro-differential splines. The paper deals with the construction of integro-differential
polynomial and nonpolynomial splines of the fifth order. The order of approximation with integro-
differential polynomial and nonpolynomial splines of the fifth order are given. We use the tensor product
of polynomial and non-polynomial splines constructed in this paper for the approximation of functions of
two variables. The results of these numerical experiments are given.

Hacrtosimas crtathss - ogHa M3 psAa craTeil, B KOTOPBIX aBTOPbl HCCIEAYIOT CBOWCTBA HMHTETPO-
maddepeHIanbHBIX  crutaiiHoB.  CTaThsi TIOCBSIIEHA IOCTPOCHUIO HHTErpo-IuddepeHInaIbHbIX
IIOJINMHOMHUAJIbBHBIX nu HCITOJIMHOMHUAJIBHBIX CIUIAHOB IIATOTO TropsaKa. HpI/IBeIIeH TMMOpAI0K
AIIpoOKCUMaIun I/IHTCFpO-,Z[I/Iq}(l)epeHL[I/IaJ'IBHHMI/I IIOJIMHOMUAJIbBHBIMHA u HCITOJIMHOMUAJIBHBIMHA
CIUIaflHAMHU IISITOTO nopsaka. MEI HCIOJIB3YEM TEH30pPHOE TIIPOU3BEACHUE TIOJIMHOMUAJIBHBIX U
HEMIOJIMHOMHUAJIBHBIX CHHaﬁHOB, IMOCTPOCHHOC B STOH CTaTheC, A HpI/I6J'H/I>KCHI/I$I (l)yHKI_II/Iﬁ ABYX
NMEPCMCHHBIX. HpI/IBe)_IeHLI PE3YJIbTAaThl 3TUX YUCJICHHBIX 3KCIICPUMCHTOB.

Burova, 1.G., Poluyanov, S.V. On approximations by polynomial and trigonometrical integro-differential
splines (2016) International Journal of Mathematical Models and Methods in Applied Sciences, 10, pp.
190-199. Llutuporano 9 pas.

OPTAHUM3AITMU: Mathematics and Mechanics Faculty, St. Petersburg State University, St. Petersburg,
Russian Federation

KPATKOE OIIMCAHMUE: Here we construct continuously differentiable approximation using middle and
left basis integro-differential splines of fifth order. The goal of this work is the presentation of some new
formulas which are useful for the approximation of the functions with one and two variables. Here we
construct the basic one-dimensional polynomial and trigonometrical integro-differential splines of the
fifth order approximation. For each interval we construct the approximation separately. In order to
construct the approximation in each interval we need the values of the function, its first derivative in the
points of interpolation, and the value of the integral of the function over the interval. If we don’t know the
values of the first derivative of the function in the points of interpolation and/or the value of the integral
of the function over the interval then we use the expressions which were obtained for this instance and the
error of the approximation will be of the fifth order. The one-dimensional case can be extended to
multiple dimensions through the use of the tensor product spline constructs. The examples of the
approximations functions of two variables are included. The spline approximation schemes discussed in
this paper allow us to control the effect of knot placement on the accuracy of spline approximation.
Numerical examples are presented.

31ech MBI CTPOWIM HEMpPEpBIBHO MU PepeHIIUpyeMyI0 anmpoKCHMAIII0 C TIOMOINBIO CpegHe- u
JIeBOOA3NCHBIX HMHTETPO-Tu(HepeHITMANBHBIX CIUIAHHOB TATOTO mopsnaka. lleapio maHHON paboTHI
SIBIIIETCS TIPEACTABIICHHE HEKOTOPHIX HOBBIX (POPMYJ, KOTOPBIE MOJIE3HBI TS TPHOMImKeH!S QYHKINH ©
0Z[HOI71 n JAByMA IICPCMCHHLIMU. 3I[CCI> MbI CTPOUM OCHOBHBIC OIHOMCPHBLIC IOJMHOMHAJILHBIC H
TPUTOHOMETPUYECKUE HHTETpO-AuddepeHIMaibHble CIUIAHbl msToro npuommkeHus. s kaxmoro
HUHTCpBala IMOCTPOMM alIlPpOKCHUMAINIO0 OTACJIBHO. ,}1]151 MOCTPOCHHA aNIlpOKCHUMAllMKM B KaXJIOM
WHTEpBaJie HaM NOTpeOyroTcs 3Ha4eHUs! (QYyHKINH, ee MepBas MPOU3BOAHAS B TOUKAaX MHTEPHOJAINH U
3HaueHne MHTerpaina QyHKIUU 1o MHTepBalty. Eciin HaM HEW3BECTHHI 3HAYEHHS MEPBOM MPOU3BOTHOMN
(GyHKIEM B TOYKAX HWHTEPIOJSIIMA M / WIM 3HAYCHHWE WHTETpaia (YHKIMH 10 WHTEPBAIY, TO MBI
HCIIOJIb3YEM BBIPAXXCHUS, ITOJYUCHHBIC IJIA 3TOr0 Ciiy4das, U NOTPCIIHOCTb HpI/I6J'II/I>KeHI/I6 6y,[[6T IIATOIO
nopsiaka. OXHOMEpHBIH cCilydail MOKET OBITh pacIIMpeH A0 HECKOJIbKHMX HW3MEPEeHHH 3a CyYeT
HMCIOJIb30BAHUS  CIIAMHOBBIX KOHCprKLII/Iﬁ TCH30PHOI'0  IMPOU3BCCHUS. HpI/IBeZ[CHLI IMPUMEPLI
AMIMMPOKCUMAIIMOHHBIX (I)YHKIII/Iﬁ ABYX IEPEMCHHBIX. CxeMbl alrpoKCcumMaluu CHHaﬁHOM, O6CY)KL[3€MLIC B



JTOH CTaThbeC, MO3BOJIAIOT HAM KOHTPOJMPOBATH BJIMAHUC PAa3MCIICHUA y3Jla HA TOYHOCTb alllIpOKCUMAllN
CILTAITHOM. HpI/IBe)_'[eHLI YHUCJIOBLBIC ITPUMCPHI.

Dem’yanovich, Y.K., Gerasimov, I.V. Local Coarsening of Simplicial Subdivisions (2016) Journal of
Mathematical Sciences (United States), 216 (2), pp. 219-235. ITutuposano 2 pa3. DOI: 10.1007/s10958-
016-2896-9

OPI'AHU3AILINU: Mathematics and Mechanics Faculty, St. Petersburg State University, St. Petersburg,
Russian Federation

KPATKOE OITMCAHHUE: We construct two types of simplicial subdivisions admitting an embedded
local coarsening. In both cases, we propose coarsening algorithms and prove that the obtained simplicial
subdivision is regular. For subdivisions of the second type we show that the local coarsening algorithm is
recursive.

Mbl cTpouM [iBa TUINA CHUMIUIMLMAIBHBIX MOJPA3JACICHUN, TOMYCKAIOMIMX BJIOKEHHOE JIOKAJIbHOE
yKpyrmHeHue. B o0oux ciydasx Mbpl mpeiaraeM aarOpUTMBI YKPYITHEHHUS M JOKa3bIBaeM PEryJIsipHOCTD
IMOJIYYCHHOI'O CUMILIMIHUAIIBHOI'O IMOAPa3aCIICHUS. I[J'I?I HOI[paS,I[CJ'ICHI/Iﬁ BTOpPOr'o THIIA MBI ITIOKAa3bIBA€M,
YTO AJITOPUTM JIOKAJIBHOI0 YKPYIHEHUS PEKYPCHUBEH.

Burova, 1.G. Application of non-polynomial splines to solving differential equations (2020) WSEAS
Transactions on Mathematics, 19, pp. 531-548. DOI: 10.37394/23206.2020.19.58

OPTAHU3AIINN: Department of Computational Mathematics, St. Petersburg State University, 7/9
Universitetskaya nab., St. Petersburg, 199034, Russian Federation

KPATKOE OIIMCAHUE: The application of the local polynomial and non-polynomial to the
construction of methods for numerically solving the heat conduction problem is discussed. The non-
polynomial splines are used here to approximate the partial derivatives. Formulas for numerical
differentiation based on the application of the non-polynomial splines of the fourth order of
approximation are constructed. Particular attention is paid to polynomial, trigonometric, exponential,
polynomial-trigonometric and polynomial-exponential splines. This approach allows us to construct
explicit and implicit difference schemes. The main focus of the paper is on implicit difference scheme.
New approximations with splines of the Lagrange and Hermite type with new properties are obtained.
These approximations take into account the first and second derivatives of the function being
approximated. Numerical examples are given.

O6CY)I(,Z[3€TC$I MPUMCHEHUE JIOKAJIbHBIX IIOJJMHOMHUAJIBHBIX W  HCEIOJIWMHOMUAJIBHBIX (I)yHKLII/Iﬁ K
MOCTPOCHUIO METOAOB YHMCJICHHOI'O PCIICHUSA 3aavu TCIUIOIIPOBOAHOCTH. HenommuomuanbHbIE CILIAMHEL
HUCTOJIB3YIOTCA 3ACCh I alllIPOKCMMAIMU YaCTHBIX MPOU3BOJHBIX. HOCTpO@HLI (I)OpMyJ'IbI YHUCJIICHHOI'O
nuddepeHINpoBaHNsl Ha OCHOBE NPUMEHEHHS HEMOJMHOMHAJbHBIX CIUIAHHOB YETBEPTOrO IMOPSIKA
AIIMpoOKCUMaIuu. 000606 BHUMAaHUEC YACTACTCA IMOJIMHOMHAJIBHBIM, TPUTOHOMETPUUCCKUM,
OKCIIOHCHIHWAJIBHBIM, ITOJIMHOMUAJIBHO-TPUTOHOMETPUYCCKUM ¢ TMOJIMHOMHUAJIbHO-3KCIIOHCHIINAJIbHBIM
crmaiitHaMm. Takoit moaxon IIO3BOJIICET CTPOUTH SABHBIE W HEABHBIC PA3HOCTHBIC CXEMBI. OCHOBHO@
BHUMAHHE B CTaThe YACHACTCS HESIBHOW pa3HOCTHOW cxeme. [lomydeHBI HOBBIC MPHOIMKEHHS CO
crutaitHamu Tumna Jlarpamka u DpMuTa ¢ HOBBIMH CBOMCTBaMH. DTH MPUOIMKEHN ST YIUTHIBAIOT TIEPBYIO U
BTOPYIO IIPOU3BOIHEIE allIPOKCUMHUpPYeMOi QyHKINHU. [IpiBeIeHBI YUCIIOBBIEC TIPUMEPHI.

Burova, 1.G., Zhilin, D.E. Polynomial and non-polynomial splines with the fourth order of approximation
(2020) Applied Mathematics and Information Sciences, 14 (4), pp. 533-545. DOI:
10.18576/JSAP/140402

OPTAHU3AIINMU: St. Petersburg State University, 7/9 Universitetskaya nab., St. Petersburg, 199034,
Russian Federation

KPATKOE OITMCAHME: This paper addresses the construction of polynomial and non-polynomial
splines of the fourth order of approximation. Smooth non-polynomial splines of the minimal defect are
constructed using preliminarily constructed Hermite-type splines. The estimates of the approximations are
given and the constants they include are calculated.



B ZLaHHOﬁ CTaTbC PACCMATPUBACTCA IMOCTPOCHHUC IMOJMHOMHUAJIBHBIX U HCIIOJIMHOMMUAJIBHBIX CILIAHOB
YCTBCPTOro MopdaaKa anrmpoOKCUMaluu. FJ'Ia,Z[KI/IC HEIOJIMHOMMAIbHBIC CIIJIaiHBI MUHHMAJIBHOTO ,Z[C(l)eKTa
CTPOATCA C HUCIOJB30BAHUCM IMPEABAPUTCIBHO IMOCTPOCHHBIX CILIAfHOB THIIA SpMI/ITa. ,HaHI)I OLCHKH
HpPI6J]H)KGHHﬁ 1 BBIYUCJICHBI BXOJAIINE B HUX KOHCTAHTHI.

Burova, 1.G. Construction of non-polynomial splines of the first level with fourth order of approximation
(2020) AIP Conference Proceedings, 2293, ctatest N2 420016. DOI: 10.1063/5.0031655
OPI'AHU3AIIMU: St. Petersburg State University, 7/9 Universitetskaya nab., St.Petersburg, 199034,
Russian Federation

KPATKOE OITMCAHME: Interpolation using Hermite polynomial cubic splines is well known and often
used. Here we propose an approximation with the non-polynomial splines with the fourth order of
approximation. The splines uses the values of the function and the first derivative of the function in the
nodes. We call the approximation as first level approximation because it uses the first derivative of the
function. This approximation has the properties of polynomial and trigonometric functions. Here we also
have constructed a non-polynomial interpolating spline which has continuous the first and second
derivative. This approximation uses the values of the function at the nodes and the values of the first
derivative of the function at the ends of the interval [a, b]. Estimates of the approximations are given and
the constants included in them are calculated. Numerical examples are given.

I/IHTepHOHHHI/IH C UCIIOJIB30BAHUEM ITOJIMHOMHUAJIIBHBIX Ky61/1qec1<1/1x CIUIAaHOB 3pMI/ITa XOpOIIO U3BECTHA
U 4acTO HCIIOJIB3YETCA. 3,Z[CCB MBI Ip€miara€M amnmpoKCUMalWi0 HEIMOJIWHOMHAJIBHBIMU CcIJIaifHaMH C
YeTBEPTHIM TOPSIKOM anmpokcuMmarmu. CIJlaifHbl HMCTONB3YIOT 3HA4YeHUs (QYHKIUM ¥ TEepBYIO
MPOM3BOJHYI0 (DYHKIIMU B y37aX. Mbl Ha3plBaeM 3TO NMPUOIMKEHHE MPHUOIMKEHHEM IMEPBOU BBICOTHI,
MMOTOMY 4YTO OHO HUCIOJIB3YCT NEPBYIO ITPOU3BOJHYTO (byHKLII/II/I 9T0 HpI/I6J'II/I)KeHI/Ie 06na;[aeT CBOMCTBaMH
MOJIMHOMUAJIBHBIX U TPUTOHOMETPUUCCKUX (byHKL[PIfI. 3,Z[CCI> MbI TaKKC MOCTPOUIIN HEMOJIMHOMHATBLHBIN
WHTEPIOJUPYIOLMI CIaiiH, y KOTOpOro HEMNpephlBHBI IepBas M BTopas MPOU3BOAHASA. OITO
MpHOJIMIKEHUE WCTIONB3YEeT 3HAYCHUS] PYHKIUH B y3JIaX W 3HAYEHHS MEPBOH MPOU3BOAHON (QYHKIMU Ha
KOHIIaX WHTEpBajia [a, b]. Jlaubl oneHKW TPUOIMKCHUA W BBIYHCICHBI BXOJSIINE B HUX KOHCTAHTHI.
IIpuBeeHbI YUCIOBBIE TPUMEPHI.

Burova, 1.G. On approximations of the sixth order with the smooth polynomial and non-polynomial
splines(2020) Proceedings - 2nd International Conference on Mathematics and Computers in Science and
Engineering, MACISE 2020, CTaThs Ne 9195628, pp. 297-300. DOI:
10.1109/MACISE49704.2020.00062

OPTAHU3AIIUU: St. Petersburg State University, Dept. of Computational Mathematics, St. Petersburg,
199034, Russian Federation

KPATKOE OIIMCAHUE: This paper discusses twice continuously differentiable and three times
continuously differentiable approximations with polynomial and non-polynomial splines. To construct the
approximation, a polynomial and non-polynomial local basis of the second level and the sixth order
approximation is constructed. We call the approximation a second level approximation because it uses the
first and the second derivatives of the function. The non-polynomial approximation has the properties of
polynomial and trigonometric functions. Here we have also constructed a non-polynomial interpolating
spline which has the first, the second and the third continuous derivative. This approximation uses the
values of the function at the nodes, the values of the first derivative of the function at the nodes and the
values of the second derivative of the function at the ends of the interval [a, b]. The theorems of the
approximations are given. Numerical examples are given.

B crathe oOcyxknaroTcsi OBaKAbl HeNmpepblBHO auddepeHnupyeMble W TPUKIBI HEHNPEPHIBHO
muddepeHupyeMble TPUOIMKEHNST C MOJMHOMHAIBHBIMH M HETOJIMHOMHAIBHBIME CIUTaiHamu. J{iist
MOCTPOCHUST TMPHONMIKEHUSI CTPOUTCS TOJHMHOMUAIBHBIA W HEMOJMHOMHUANBHBIA JIOKaJbHBIA 0a3uc
BTOPOH BBICOTHI MPHOIMKEHHS IIESCTOTO IMOpsiaka. MBI Ha3bIBaeM 3TO MPHOIMKECHHE MPHOIMKCHIEM
BTOPO BBICOTHI, TIOTOMY 4YTO OHO WCIIONB3YeT TEPBYI0 M BTOPYIO IPOU3BOAHBIE (HYHKIIHH.



HenonnnomuansHoe mpuGimkeHne o0JafacT CBOMCTBaMHM MOJMHOMHUANBHBIX M TPUTOHOMETPHUYECKHX
¢yHKUMA. 37eck MBI TaKkKe MOCTPOMIIM HEMOJMHOMHANBHBI WHTEPIONMPYIOMNI CIlaliH, KOTOPBIN
UMEeT MEePBYI0, BTOPYIO M TPEThIO HENPEPBIBHYIO MPOU3BOIHYIO. JTO NPHONMKEHUE HCIOIb3yeT
3Ha4YeHUs QYHKUUH B y3JaX, 3HAUCHUS MEPBOW MPOM3BOAHON (YHKIUM B y3J1aX M 3HAYCHUS BTOPOI
MPOM3BOMHON (YHKIMHM Ha KOHIAX WHTepBana [a, b]. [IpuBeneHbl Teopembl 00 aNmpOKCHMAIIHH.
IIpuBeneHb! YNCIOBBIE IPUMEDHI.

Dem’yanovich, Y.K., Burova, [.G. Spaces of the haar type on arbitrary irregular grids (2020) WSEAS
Transactions on Systems and Control, 15, pp. 592-600. DOI: 10.37394/23203.2020.15.59
OPI'AHU3AILINU: Mathematics and Mechanics Faculty, St. Petersburg State University, St. Petersburg,
Russian Federation

KPATKOE OITMCAHME: The paper deals with Haar-type spaces on arbitrary irregular grids. The choice
of non-uniform grids determines the characteristics of the Haar-type space that can be used to construct
the wavelet decomposition. Thus, it becomes a possible adaptive choice of the design space depending on
the incoming flow. In contrast to the classical approach, this paper considers the possibility of the
adaptive compression of the initial flow. The complexity of the algorithm is directly proportional to the
length of the initial number flow. Numerical examples are presented.

PaboTta mocesimeHa mpocTpaHCTBaM THIa Xaapa Ha IMPOU3BOJBHBIX HEPETYJSIPHBIX ceTkax. Bribop
HCOAHOPOAHLIX CCTOK ONPCACIEACT XapaKTCPUCTUKH TIPOCTPAHCTBA THUIIA Xaapa, KOTOpPBIC MOKHO
HUCIOJIB30BaTh [JId MOCTPOCHHUA BGfIBJICT-pElSHO)KGHHﬂ. Taxkum o6pa30M, CTAaHOBUTC BO3MOKHBIM
aI[aHTHBHBIP'I BLIGOp IIPOCTPAHCTBA MMPOCKTUPOBAHNA B 3aBUCHMMOCTH OT BXOIAIICTO ITOTOKA. B otimune
OT KJIACCHYCCKOI'0 mmoaxoaa, B I[ﬁHHOfI CTaTbE pacCMaTrpuBaACTCA BO3MOXHOCTH aJallTUBHOTO CXKaTUA
HCXOAHOT'O IIOTOKA. CII05KHOCTB aJropurMa IHIpsAMO IIpornopHHuOHalIbHa JJIWHE HCXOJHOI'0 YHCJIOBOI'O
IIOTOKAa. HpI/IBCI[eHLI YN CJIOBBIC ITIPUMCEPHI.

Burova, I.G., Muzafarova, E.F. Approximations with polynomial, trigonometric, exponential splines of
the third order and boundary value problem (2020) International Journal of Circuits, Systems and Signal
Processing, 14, pp. 460-473. Ilutuposano 2 pa3. DOI: 10.46300/9106.2020.14.61

OPI'AHU3AILINU: St. Petersburg State University, 7/9 Universitetskaya nab., St.Petersburg, 199034,
Russian Federation

KPATKOE OITMCAHME: This paper is devoted to the construction of local approximations of functions
of one and two variables using the polynomial, the trigonometric, and the exponential splines. These
splines are useful for visualizing flows of graphic information. Here, we also discuss the parallelization of
computations. Some attention is paid to obtaining two-sided estimates of the approximations using
interval analysis methods. Particular attention is paid to solving the boundary value problem by using the
polynomial splines and the trigonometric splines of the third and fourth order approximation. Using the
considered splines, formulas for a numerical differentiation are constructed. These formulas are used to
construct computational schemes for solving a parabolic problem. Questions of approximation and
stability of the obtained schemes are considered. Numerical examples are presented.

Hacrosimass pa®oTa moCBAIEHA IMMOCTPOCHUIO IJIOKANBHBIX MPHONMKEHUH (QYHKIMA OJHOH W JIBYX
NEpEMCHHBIX C HMCIOJb30BAHUCM IIOJIMHOMHUAJIBHBIX, TPUTOHOMETPHUYCCKHUX W ISKCIIOHCHIHUAJIBbHBIX
CIUIAIfHOB. DTH CIUIalHBI MOJIE3HBI Ul BU3yalU3allM MOTOKOB rpaduyeckoil naopmannu. 31ech MBI
TaKke 00Cy)XJIaeM pacrapajuleMBaHHe BbIYUCIEHUH. HexoTopoe BHUMaHHE YIENAETCS IMOIyYEHHUIO
JBYCTOPOHHHUX OIICHOK MPUONMKEHUH C HMCIOIb30BAaHHEM METOJOB MHTEpBalIbHOro aHammuza. Ocoboe
BHUMAHUC YACIACTCA PCIICHUIO Kpaesoﬁ 3aJa4yl C HCIIOJBb30BAHUEM ITIOJIMHOMHAJIIBHBIX CIIAHOB |
TPUTOHOMETPHUYCCKHUX CIIAMHOB TPETHETO W YETBEPTOTO TOpPsAKa MpHOImkeHus. [lo paccMOTpeHHBIM
CIUTalHaM TIOCTPOEHBI (pOpMyIBI YnciaeHHOTO AuddepeHIrpoBaHnus. DT (OPMYIBI UCTIONB3YIOTCS IS
MOCTPOCHUA BBIYUCIUTCIIBHBIX CXEM PCIICHUA napa6onnqem<oﬁ 3aJa4du. PaCCMOTpeHLI BOIIPOCHI
alIpoKCUMaIum 1 yCTOﬁ‘-IHBOCTH MOJTYYCHHBIX CXCM. HpI/IBCI[GHBI YHCJIOBBIC TIPUMEPHI.



Burova, I.G., Muzafarova, E.F., Narbutovskikh, I.I. Approximation by the third-order splines on uniform
and non-uniform grids and image processing (2020) WSEAS Transactions on Mathematics, 19, pp. 65-73.
Hutuposano 2 paz. DOI: 10.37394/23206.2020.19.7

OPI'AHU3AILIMU: St. Petersburg State University, 7/9 Universitetskaya nab., St. Petersburg, Russian
Federation;

Saint Petersburg Lyceum 554, St. Petersburg, Russian Federation; St. Petersburg, Russian Federation
KPATKOE OIIMCAHHUE: This work is one of a series of papers that is devoted to the further
investigation of polynomial splines and trigonometric splines of the third order approximation.
Polynomial basis splines are better known and therefore more commonly used. However, the use of
trigonometric basis splines often provides a smaller approximation error. In some cases, the use of the
trigonometric approximations is preferable to the polynomial approximations. Here we continue to
compare these two types of approximation. The Lebesgue functions and constants are discussed for the
polynomial splines and the trigonometric splines. The examples of the applications of the splines to image
enlargement are given.

Jannass pabora sBISETCS OMHOM W3 cepud padOT, TOCBAMICHHBIX IaIbHEHIIEMY WCCIICIOBAHHIO
ITOJIMHOMHUAJIbHBIX CIUTalfHOB u TPUTOHOMETPHUUICCKUX CILJIAHOB TPETHETO HpI/I6J'II/I)K€HI/I$I.
ITonnHoMManbHBIE Oa3UCHBIE CIUIAWHBI OOJE€€ W3BECTHHI U IMO3TOMY 4Yall€ HCHOJIb3YHOTCH. O)_IHaKO
HCIIOJIb30BAHHUEC TPHUTIOHOMCTPUUYCCKUX 0a3UCHBIX CINIAfiHOB 4acCTo AacT MCHBIIYIO OI.LII/I6Ky
AIIMpOKCUMAIIUH. B HCKOTOPBIX Cly4dadX HCIIOJIb30BaAHUEC TPUTOHOMCTPUUCCKUX HpI/I6JII/I)KCHPII>'I
NpEANTOYTUTEIIBHEC MMOJIMHOMUAJIBHBIX HpI/IGJII/I)KeHI/If/'I. 3[[601: MBI IPOJOJIKAaEM CpaBHHUBATHL 3TU JBa TUIIA
npubmkeHus. OyHKIMH U KOHCTaHTHI Jlebera oOcyxmaroTcst Uil TONMHOMHANIBHBIX CIUIAHHOB U
TPUTOHOMETPUYECKUX CIUIAKHOB. [IpuBeneHpl NpUMeEpbl NPUMEHEHUS CIUIAHHOB JUISl YBEIUYCHMS
H300pa’KCHHUS.

Burova, 1.G., Domnin, N.S. On the solution of the fredholm equation with the use of quadratic integro-
differential splines (2019) Lecture Notes in Electrical Engineering, 574, pp. 35-41. ITutuposan(sr) 1 pas.
DOI: 10.1007/978-3-030-21507-1_6

OPI'AHU3AIIMU: St. Petersburg State University, 7/9 Universitetskaya nab., St. Petersburg, 199034,
Russian Federation

KPATKOE OIIMCAHMUE: Currently there are a number of papers in which certain types of splines are
used to solve the Fredholm equation. Now much attention is paid to the application of a new type of
spline, the so-called integro-differential spline to the solution of various problems. In this paper we
consider the solution of the Fredholm equation using polynomial integro-differential splines of the third
order approximation. To calculate the integral in the formula of a quadratic integro-differential spline, we
propose the corresponding quadrature formula. The results of numerical experiments are given.

B Hacrosimee Bpems cymiecTByeT psii paboT, B KOTOPBIX JUIs pelleHHs ypaBHeHus @Dpearoibma
WCIIOJIB3YIOTCSl OTIpe/ieJIieHHble TUIBI crijlaifHoB. Ceifdac 0o0iblIoe BHUMAHHE YNENSIeTCS MPUMEHEHHUIO
CIUTalHa HOBOTO THMA, TaK Ha3bIBAEMOTO WHTETpO-Aru(depeHnansHoro cIjiaifHa, Uis pemieHus
pa3nuYHBIX 3a1a4. B maHHOM cTaThe MBI paccMaTpuBaeM pelieHue ypaBHeHus Opearoibma ¢ MOMONIBIO
TTOTMHOMHATBHBIX HMHTETPO-AU(PHEepPeHITHAIBHBIX CIUIAHHOB TPETheTro IMopsiaka NpuOmmwkeHus. [
BBIYHCIICHHST WHTeTrpajla B (QopMmysie KBaJpaTUYHOTO HHTErpo-auddepeHnnaibHoro — cruiaiiHa
npeajiaracrtcd COOTBCTCTBYIOIAA KBaJApaTypHas q)OpMyJ'Ia. HpI/IBeI[eHI:I PE3yJibTaTbl YHCJICHHBIX
9KCIIEPUMEHTOB.

Burova, 1.G., Muzafarova, E.F. Interval estimation using integro-differential splines of the third order of
approximation (2019) WSEAS Transactions on Mathematics, 18, pp. 153-160. ITutuposato 4 pas.
OPI'AHU3AILINU: St. Petersburg State University, 7/9 Universitetskaya nab., St.Petersburg, Russian
Federation

KPATKOE OIIMCAHMUE: Interpolation by local splines in some cases gives a better result than other
splines or interpolation by classical interpolation polynomials. Integro-differential splines are one of the
types of local splines that use, in addition to the values of the functions at the nodes of the grid, integrals



over grid intervals. To construct an approximation on a finite interval, in order to improve the
approximation quality, we use left or right integrodifferential splines near the ends of this interval. At
some distance from the ends, besides the left or right splines, we can also use the middle integro-
differential splines. Sometimes it is not necessary to calculate the approximation of the function at
intermediate points. Instead of calculating the approximation in many points it is sufficient to estimate
only the upper and lower boundaries of the variety of the approximation on this interval. The paper
discusses the estimation of the boundaries of approximation of functions using left, right and middle
trigonometrical integro-differential splines of the third order of approximation. The process of
constructing the basic splines is discussed. The approximation theorems are given. Unimprovable
constants in the approximation inequalities are given. Numerical examples of construction of the
approximations and interval estimation are given.

HaTepnonsuus JIOKaJIbHBIMU CIJIalHAMUA B HEKOTOPBIX ClIydasX JaeT JYy4YIIUd pe3yibTar, YeM JApyrue
CILIAMHBI WM  HUHTCPIIOJIALUA KIIACCUYCCKUMH  MHTCPHOJAIWOHHBIMHU  I[TOJIMHOMAaMHU. I/IHTerO-
III/I(I)(bepeHI_II/IaHBHBIe CIUIAMHBI - 3TO OIUH W3 THUIIOB JIOKAJIBHBIX CHHaﬁHOB, KOTOPBIE HCIIOJB3YIOT,
ITOMHAMO 3HA4YCHWH (YHKIMA B y37aX CETKH, WHTETpalbl 10 WHTEpBaNaM CeTKW. [l mocTpoeHms
AIMmpoOKCUMAIIMl Ha KOHEYHOM HMHTCPBAJIC, 4TOOBI YIyHlInTh Ka49€CTBO l'IpI/I6J'II/I)KeHI/I$[, MBI UCIIOJIB3yEM
JICBBIC WJIN IIPABBIC HHTCFpOI[PI(i)(bCpeHLII/IaHLHHe CIIafiHBI Ha KOHIAax 3TOro MHTCpBaJa. Ha HCKOTOpOM
pacCToOsIHUMU OT KOHIIOB MPOMCIKYTKA, KpPpOMC JICBOI'O WJIM IPAaBOT0, Mbl MOXCM TAaKXXC HCIIOJb30BATH
cpeaHue I/IHTero-I[I/I(l)Q)epeHIII/IaJ'ILHLIe CIIJIafiHEI. I/IHOFI[a HET H€O6X0):[I/IMOCTI/I BbIYUCIIATH HpI/I6J'II/I)KCHI/Ie
q)yHKHI/II/I B IMPOMCXKYTOUYHBIX TOYKax . BMmecTo BBIUMCIICHUS afmnpokCuManum BO MHOIMX TOYKax
AOCTATOYHO OILIEHUTHL TOJIBKO BCPXHIOIO W HUWKHIOIO T'pPaHUIbI p33H006p331/IH HpI/IGJ'II/I)KeHI/IH Ha 3TOM
uHTepBajie. B craThe paccMaTrpuBaeTCs OIEHKA T'paHUI] NpUOIMKeHHs (YHKIUNA C MOMOIIBIO JIEBBIX,
MPaBbIX M CPEAHMX TPHUTOHOMETPHUCCKHX HHTETPO-Iu(PEepeHIIHaTbHBIX CIUIAHHOB TPETHETO IMOPSIAKA
AIMpOKCUMaAIInH. HpI/IBGILCHLI AITPOKCUMAIIMOHHBIE TCOPEMBI. HpI/IBGILCHLI HEYITYyUYIIa€MbI€ KOHCTaHTBI
B alllIPOKCUMAIIMOHHBIX HCPABCHCTBAX. HpI/IBe,Z[GHBI YHUCJICHHBIC MMPUMCPBI TOCTPOCHUSA aHHpOKCI/IMaLII/Iﬁ
1 MHTCPBAJIbHBIX OLICHOK.

Burova, 1.G., Doronina, A.G. Errors of approximation with polynomial splines of the fifth order (2019)
Lecture Notes in Electrical Engineering, 489, pp. 39-46. DOI: 10.1007/978-3-319-75605-9_6
OPI'AHU3AILINU: St. Petersburg State University, 7/9 Universitetskaya nab., St. Petersburg, 199034,
Russian Federation

KPATKOE OITMCAHUE: This paper is a continuation of a series of papers devoted to the construction
and investigation of the properties of integro-differential polynomial splines of the fifth order. It is
supposed that values of function in grid nodes and values of integrals over intervals are known. Solving
the system of linear algebraic equations, we find basic splines. An approximation of the function in this
paper is constructed on every grid interval separately using values of the function in two adjacent grid
nodes and the values of three integrals over intervals, and basic splines. We call this approximation an
integro-differential spline and we call these basic splines integro-differential basic splines. The properties
of interpolation with integro-differential polynomial basic splines are investigated. A comparison of the
properties of integro-differential approximations for a different choice of integrals is presented. A
comparison of the integro-differential approximation with approximation using polynomial splines of the
Lagrangian type is made. Numerical examples are presented.

I[aHHaSI CTaTbs ABJIACTCA IMPOAOJIKCHUCM CEpUU pa60T, IMOCBAIICHHBIX MOCTPOCHHUIO W HCCJICIOBAHUIO
CBOWCTB MHTETPO-IU(PPepeHINANTBHBIX TOJMHOMHATBHBIX CILIAHHOB MATOrO mopsiaka. [Ipennonaraercs,
YTO HU3BCCTHBI 3HAYCHUSA ®YHMHH B y3j1aX CCTKHM M 3HAYCHHUA HHTCIPAJIOB II0 HMHTCPBAJIaM. Pemas
CHUCTEMY IJIMHEHHBIX anreOpanuecKuX ypaBHEHHWI, HAaXOJAWM OCHOBHBIE CIUIAHHBI. ATMIMPOKCHMAIUSA
(I)YHI(I_II/II/I B DTOH CcTaTbe CTPOUTCA Ha KaXI0M HMHTEPBAJIC CETKHU OTACIIBHO C UCIIOJIB30BAHUEM 3HaYCHUI
(I)YHKI_II/II/I B JABYX COCCIHUX Yy3JIaX CCTKH U 3HAUYEHUH TPpEX HHTCIPAJIOB IO HUHTEpBAJIAaM H 0a30BBIX
CIuTaiiHOB. MBI Ha3pIBa€M 3TO MPUONIKEHHE MHTErpo-anddepeHInanbHpIM CIIAMHOM, a 3TH 0a30BbIe
CIUIAHBI - HMHTErpo-IudQepeHInaIbHBIME  0a30BBIMH  CIUlaiiHamu. Mccrepyrotess — cBoiicTBa
HUHTCPIOJIANN I/IHTel“pO-L[I/I(b@epeHHHaﬂLHHMI/I [MOJMHOMHAJIBHBIMU 0a3MCHBIMH CILIAHHAMH. HpI/IBe):[eHO



CpaBHEHHE CBOWCTB MHTETPO-An((epeHINaIbHBIX TPUOIKCHUIA PYU Pa3idnyHOM BBIOOpE MHTETPAJIOB.
[IpoBeneno  cpaBHeHue  uHTErpo-auddepeHIranbHOr0  OpUOMMKEHHsT € NpHONMKEHHEM
MOJMHOMHATBHBIMU CIIJIAHAMH JIarpaH)keBoro Tuma. [IpuBeieHbl MpUMepEbI

Burova, I.G., Narbutovskikh, I.I., Muzafarova, E.F. Image processing and the spline approximation of the
third and fifth order (2019) International Journal of Circuits, Systems and Signal Processing, 13, pp. 550-
557. HutuposaHo 2 pas.

OPI'AHU3AILIMMU: St. Petersburg State University, 7/9 Universitetskaya nab., St. Petersburg, 199034,
Russian Federation

KPATKOE OIIMCAHHUE: Local splines and it’s cubic polynomial splines, which are used traditionally,
are used in solving many image processing problems. In this paper, we consider the use of local quadratic
polynomial and trigonometric splines of the third order of approximation, as well as polynomial splines of
the fifth order of approximation for image processing. The paper proposes an algorithm to increase the
image (or its part) without loss of quality using local polynomial splines of the third and fifth order of
approximation and trigonometric splines of the third order of approximation. This paper also developed
an algorithm for compressing and restoring images using the considered splines. The theoretical
background and results of numerical experiments are presented.

JIokanbHbIE CILUIAaWHBI U KyGI/I‘-IeCKI/IC IIOJIMHOMUAJIBHBIC CHHafIHLI, KOTOPBIC UCTTIOJIB3YIOTCA TPAAULIMOHHO,
HUCHOJIB3YIOTCSA TpU PEUHICHHA MHOTUX 3aJa4 06pa6OTKI/I I/1306pa)KCHI/II\/'I. B Z[aHHOﬁ CTaTheC
paccMaTpuBaCTCA UCIIOJIB30BAHUEC JIOKAJIbHBIX KBAAPATUYHBIX TOJUHOMHUAIIBHBIX U TPUTOHOMETPUUCCKUX
CIIJIAifHOB TPETHLECTO MOpAAKa alIIpoKCUMalr, a TaKKE IOJMHOMHUAJIIBHBIX CIUIAMHOB MSITOrO nmopgaaka
anmpoKCUMaIK Uil 00paboTkM wn300paxkeHWd. B craTthe mpeayaraercs airOpUTM yBEITUYECHUS
n300pakeHus (MM €ro YacTh) 0e3 MOTepH KadecTBa C HCIIOIH30BAHHUEM JIOKAIBHBIX TOJIHHOMHATBHBIX
CILJIAITHOB TPETHETO U MATOTO0 MNOPAAKOB alllIPOKCUMallUM U TPUTOHOMETPUYECKUX CIUTAafHOB TPETHETO
nopsJka amnmnmpoKCUMaliuu. B I[aHHofI CTaThbE€ TaKXKE pa3pa60TaH AJTOPUTM CIXKATHUS U BOCCTAHOBJICHUSA
H306pa)KeHI/Iﬁ C HCIOJIb30BAHUEM PACCMOTPCHHBIX CIUIAHOB. HpI/IBe)_'[eHLI TCOPECTUICCKNUEC OCHOBBI U
PE3YIbTaThl YUCJICHHBIX 3KCIICPUMCHTOB.

Burova, I.G., Muzafarova, E.F., Narbutovskikh, I.1. Local splines of the second and third order, complex-
valued splines and image processing (2019) International Journal of Circuits, Systems and Signal
Processing, 13, pp. 419-429. Ilutuposato 4 pas.

OPI'AHU3AIINU: St. Petersburg State University, 7/9 Universitetskaya nab., St. Petersburg, 199034,
Russian Federation

KPATKOE OITMCAHMUE: This paper is devoted to the local complex-valued spline interpolation in a
circle and image processing using local polynomial and non-polynomial splines. We consider local
complex-valued spline interpolation, constructed by using tensor product. For constructing the tensor
product we use local basis splines of two variables: A radial variable and an angular variable. The
approximation is constructed separately in each elementary segment, formed by two arcs and two line
segments. For the approximation of a complex-valued function we use the values of the function in
several nodes near this elementary segment and the basis splines. The order of the approximation depends
on the properties of splines of one variable which we use in the tensor product. In this paper we suggest
using local exponential, local trigonometrical and local polynomial splines of the second and third order
of approximation. The local spline interpolation is the most convenient for the approximation and
visualization of functions and they may be applied to solving various problems. In this paper we focus on
the problem of enlarging images using the local splines.

JlaHHas cTaThs MOCBAIIEHA JIOKAJbHON KOMIIEKCHO3HAYHOM CIIIATHOBOM MHTEPIIONISLIMM B OKPYXHOCTH
u 06pa60T1<e I/I306pa)i(eHI/II71 C HUCHOJIB30BAHUCEM JIOKAJIBHBIX ITOJIMHOMHUAJIIBHBIX W HCIIOJIMHOMHMAJIIBHBIX
cIu1aifHOB. MBI paccMaTpuBacM JIOKAJIbHYHO KOMIUICKCHYIO CHJI&IZH-I/IHTCPHOJ’IHLII/IIO, MMOCTPOCHHYKO C
MMOMOLIbIO TCH30PHOTO IHPOU3BCACHU. HJ’IH MOCTPOCHHA TCH30PHOI'0 IMPOU3BCACHUA MbI HCIIOJb3YyCM
JIOKaJbHbIE Oa3MCHBIE CIUIAHHBI ABYX NEPCMCHHBIX! paﬂHaHLHOﬁ HCpGMCHHOﬁ n yFJ'IOBOﬁ nepeMeHHoﬁ.
AHHpOKCI/IMaHI/I}I CTPOUTCA OTACJIIbHO Ha KaXKAOM 3JICMCHTAPHOM OTPE3KCE, 06p330BaHHOM AByMs JyraMun



U ABYMS OTpe3KaMu NpsMbIX. (s anmpokcuMmanuyd KOMIUIEKCHO3HAYHOW (DYHKIUU WCIIONB3YIOTCS
3HauYeHUS (PYHKIIMH B HECKOJIBKUX y37aX BOJM3H 3TOTO 3JIEMEHTAPHOTO CETMEHTa U 0a3UCHBIX CILIAHHOB.
[Topsimok anmpoKcUMAaITUK 3aBUCUT OT CBOMCTB CILUIAHOB OJHOM NMEPEMEHHOM, KOTOPBIE MBI UCIIOJIb3YEeM
B TEH30PHOM TPOM3BEICHUU. B maHHONW cTaThe MBI TIpPEeAjiaraéM HCIOIb30BaTh JIOKAJIbHBIC
OKCTIOHCHIIUAJFHBIC, JIOKAJbHBIE TPUTOHOMETPHUYCCKAEC W JIOKAJbHBIC IOJIMHOMHUAIBHBIC CIUTAHHBI
BTOPOTO M TPETHETO MOPSIKA alIPOKCHUMannu. JIokanpHas CIIaifH-WHTEPIIONANUS Hanbonee ynoOHa s
anMpPOKCUMAIINH W BU3yalnHu3alnyu (QYHKIIUH U MOXET MPUMEHSTHCS TSl PEIICHHS pa3iIndHBIX 3a1ad. B
9TOW CTaTbe MBI COCPENOTOYMMCS Ha TPOOJIEeMe yBETUYCHUS H300PaKEHHWH C ITOMOIIBIO JIOKAITBHBIX
CILUTaiHOB.

Burova, I.G., lvanova, E.G., Kostin, V.A., Doronina, A.G. Trigonometric splines of the third order of
approximation and interval estimation (2019) WSEAS Transactions on Applied and Theoretical

Mechanics, 14, ctates N2 20, pp. 173-183. Ilutuposano 3 pas.

OPTAHUM3AIINUU: St. Petersburg State University, Department of Computational Mathematics, 7/9
Universitetskaya nab., St.Petersburg, 199034, Russian Federation

KPATKOE OIIMCAHUE: It is useful to apply interval estimates to improve the evaluation of reliability
results of calculations, and therefore the evaluation of the reliability of mechanical structures. In this
paper, interval estimates are used to establish the range of variation of a function and its derivatives As is
known, the problem of the simultaneous approximation of a function and its derivatives cannot be solved
using classical interpolation polynomials. In this paper, we consider the approximation of a function and
its first derivative by using polynomial and trigonometric splines with the third order of approximation. In
this case, the approximation of the first derivative turns out to be discontinuous at the nodes of the grid.
The values of the constants in the estimates of the errors of approximation with the trigonometric and
polynomial splines of the third order are given. It is shown that these constants cannot be reduced. To
solve practical problems, it is often important not to calculate the values of the function and its derivatives
in a number of nodes on the grid interval, but to estimate the range of change of the function on this
interval. For the interval estimation of the approximation of function or its first derivative, we use the
technique of working with real intervals from interval analysis. The algorithms for constructing the
variation domain of the approximation of the function and the first derivative of this function are
described. The results of the numerical experiments are given.

ITonesno NPUMCHATL HUHTCPBAJIBHBIC OICHKU MJId YJIYUHICHUSA OLCHKH IOOCTOBCPHOCTU PE3YJILTATOB
pacuceToB U, CJICAOBATCIIBHO, OLCHKU HAJACKHOCTHU MEXAHUYCCKUX KOHCprKLIHfI. B »Toii cTaThe
HUHTCPBAJIbHBIC OLCHKU MCHOJB3YIOTCA /I YCTAHOBJICHHA [JUalla3oHa UW3MCHCHUA (bYHKHI/II/I u cc
npou3BoaHbIX. Kak n3BecTHO, MpobiemMa OJHOBPEMEHHOrO MPHONMKEHUST QYHKIUN H €€ TPOU3BOIHBIX
HE MOXKET 6I)ITB peii€Ha ¢ MOMOMIIBIO KITACCUYCCKUX MHTCPIOJIAINOHHBIX ITOJIMHOMOB. B oTo0M cTathe MBI
paccMaTpuBaeM IpHOIKeHHe (PYHKIMHM W €€ TIepBON MPOU3BOTHON C MOMOIIBIO ITOTHHOMHATBHBIX H
TPUTOHOMETPUYECKHX CIUIAHHOB C TPETHUM MOPSAKOM MPHOMIKEeHUs. B 3TOM ciydae ammpoxcuManus
nepBoﬁ HpOH3BO,Z[HOﬁ OKa3bIBACTCA paSpBIBHOﬁ B y3jlaX CCTKH. HpI/IBe,I[eHI)I 3HAYCHUSA KOHCTAHT B
OLICHKax OLINOOK AlIMPOKCUMAllUU TPUTOHOMCTPUYCCKUMU U IMOJIMHOMHUAJIbHBIMU cIUIaiiHaMu TPETHETO
nopsiaka. HOKa3aHO, YTO OTU NOCTOAHHBIC HC MOTYT OBITh YMCHBUICHBI. I[J'ISI pemCHUA NPAKTUYCCKUX
3aJa4 4acTo 6I)IBaeT BAa>XHO HE€ BBIYUCIIATH 3HAYCHUSA (I)yHKIlI/II/I 1 €€ IMPOU3BOJAHBIX B pAAC Y3JIOB Ha
CCTOYHOM MHTCPBAJIC, a4 OLICHUTDH AHUAIlIa30H U3MCHCHU A ®YHKHHH Ha 3TOM HMHTCPpBAJIC. JIJIH HHTepBaHLHOﬁ
OLICHKH TpHUOMIKeHUs] (QYHKIUH WM €€ TEepPBOM MPOW3BOTHOW MBI HCIONB3YEeM INpHEM paboThl ¢
peansHBIMH HHTEpPBaJIaMU U3 HHTEPBAILHOTO aHam3a. ONMUCaHbl alTOPUTMBI TTIOCTPOCHHS BapHAITOHHON
obOmactn mpubIkeHuss GYHKIMA W TEPBOW NPOM3BOAHON dSToM (yHKImu. llpuBeneHsl pe3yibTaThl
YHCJICHHBIX SKCIICPUMCHTOB.

Burova, 1.G., Ryabov, V.M., Kalnitskaia, M.A., Malevich, A.V. The interpolation method for calculating
eigenvalues of matrices (2019) WSEAS Transactions on Systems and Control, 14, cratest N2 13, pp. 104-
111. utupoBaHo 5 pas.
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Russian Federation

KPATKOE OIIMCAHMUE: The problem of solving systems of linear algebraic equations (SLAEs) is
connected with finding the eigenvalues of the matrix of the system. Often it is necessary to solve SLAEs
with positive definite symmetric matrices. The eigenvalues of such matrices are real and positive. Here
we propose an interpolation method for finding eigenvalues of such matrices. The proposed method can
also be used to calculate the real eigenvalues of an arbitrary matrix with real elements. This method uses
splines of Lagrangian type of fifth order and/or polynomial integro-differential splines of fifth order. To
calculate the eigenvalue, it is necessary to calculate several determinants and solve the nonlinear equation.
Examples of numerical experiments are given.

[IpoGiieMa pelieHUs: CUCTEM JMHEHHBIX anreOpandeckux ypaBHenuil (CJIAY) cBsizaHa ¢ HaxOXKIACHUEM
COOCTBEHHBIX 3HAuYCHMM MaTpullel cUcTeMbl. Yacto HeoOxoaumo pemiath CJIAY ¢ MONOXKHUTEIBHO
OIpeaACICHHBIMU CUMMETPUYHBIMU MaTpULlaMU. CO6CTB€HHBIG 3HAUCHHA TaKHUX MaTpUI] JlGﬁCTBHTGJIBHLI
1 IIOJOXHUTCIIbHBI. 31[60]; MBI IIp€aaracM METOA HHTCPHOJIAINU I HAXOXKIACHHUA CO6CTBCHHLIX
3HAYCHUHA Takux Matpuil. [IpemraraeMeiii METOM TakKe MOXKET OBITh WCIIOIB30BAH IS BBIYUCICHHS
HeﬁCTBHTeHBHBIX COOCTBEHHBIX 3HAYECHUIA HpOPISBOJ'IBHOfI MaTpulsbl € I[GﬁCTBPITCHLHLIMI/I JjleMeHTamu. B
9TOM MCTOJAC UCIIOJIB3YHOTCH CIIJIAHHEI JIarpaH’>XCBOT'0 TUIIA IISATOTO MOPAAKA U / WY TOJIMHOMHUAJILHBIE
I/IHTGFPO-Z[I/I(b(bepeHL[I/IaJ'IBHLIe CIJIaliHBI TISTOTrO nopsjaka. Yro0bl BBIYHCIUTE COOCTBEHHOE 3HA4YCHUC,
H€06XOI[I/IMO BbIYUCIINTh HECKOJIBKO OHpCHGHHTeHCﬁ U pCHIUTH HEeJIMHENHOoe YpaBHCHUE. HpI/IBeI[eHLI
IPpUMEPLI YUCJICHHBIX 3KCIICPUMCHTOB.

Dem’yanovich, Y.K., Burova, 1.G., Evdokimova, T.O., Lebedeva, A.V., Doronina, A.G. Embedded
spaces of Hermite splines (2019) WSEAS Transactions on Applied and Theoretical Mechanics, 14, pp.
222-234.

OPI'AHU3ALMU: Saint Petersburg State University, Universitetskaya nab, 7-9, St. Petersburg, 199034,
Russian Federation

KPATKOE OITMCAHUE: This paper is devoted to the processing of large numerical signals which arise
in different technical problems (for example, in positioning systems, satellite maneuvers, in the prediction
a lot of phenomenon, and so on). The main tool of the processing is polynomial and nonpolynomial
splines of the Hermite type, which are obtained by the approximation relations. These relations allow us
to construct splines with approximate properties, which are asymptotically optimal as to N-width of the
standard compact sets. The interpolation properties of the mentioned splines are investigated. Such
properties give opportunity to obtain the solution of the interpolation Hermite problems without solution
of equation systems. The calibration relations on embedded grids are established in the case of deleting
the grid knots and in the case of the addition of the last one. A consequence of the obtained results is the
embedding of the Hermite spline spaces on the embedded grids. The mentioned embedding allows us to
obtain wavelet decomposition of the Hermite spline spaces.

Orta cTaThd TMOCBsIMEHAa 00paboTke OONBIIMX MOCIEIOBATEIBHOCTEH HYHCIIOBBIX CHUTHAJIOB, KOTOPHIE
BO3HHKAIOT B PA3JIMYHBIX TEXHUYCCKHUX 3agavdax (HaanMep, B CUCTEMax IIO3UIIMOHHUPOBAHUA, MAaHEBPAX
CITyTHUKOB, TIPH MPOTHO3HPOBAHWN MHOXECTBA sSBIICHUN U T. A.) OCHOBHBIM MHCTPYMEHTOM 00paOOTKH
SIBISIOTCSI IMOJIMHOMHUAIBHEIE U HEMOJUHOMHUAJILHBIE CIUIAMHBI THIIA apMI/ITa, KOTOPBIC MOJYYAKOTCA C
MIOMOLIBIO alIITPOKCUMAIIMOHHBIX COOTHOIIICHUM. DTH COOTHOIIEHHS IT03BOJISIOT CTPOUTH CIJIaliHBI CO
CBOMCTBaMU HpI/I6J'II/I)K6HI/I$I, ACUMIITOTHYECCKHU OITHUMAJIbHBIMU IIO N-HOHCpG‘IHI/IKy CTaHAaPTHBIX
KoMnakToB. MccieioBaHbl MHTEPHOJISALIMOHHBIE CBOMCTBA yKa3aHHBIX CIUIaHOB. Takue CBOMCTBA JarOT
BO3MOKHOCTD IMOJIYYUTh PCIICHUEC WHTCPIIOJIAIIMOHHBLIX 3a1a4 3pMI/ITa oe3 peuICHusA CUCTEM ypaBHeHHﬁ.
Ha BCTPOCHHBIX CETKAX yCTaHABJIMBAIOTCA KEUII/IG]I)OBO‘IHBIC COOTHOIICHUSA KaK B CjIydac yaaJICHUA y3Jjia
CECTKHU, TaK M B ClIydac Z[OG&BJ'ICHI/IH IOCJICOHETO. CJ'IC,I[CTBI/ICM IMOJIYYEHHBIX PE3YJIbTATOB ABJIAIOTCSA
YCJIOBUS BJIOKCHHOCTH IPOCTPAHCTB CILJIAHOB apMI/ITa aCCOIMHPOBAHHBIX C BJIOJKCHHBIMU CCTKAMMU.
VYka3aHHOE BIJIOKEHHUE MTO3BOJISIET MOJIYy4YUTh BEUBIETHOE PA3IOKCHUC CILJIAaMHOBBIX MpOCTPAHCTB BpMI/ITa.



Burova, 1.G., Evdokimova, T.O., Rodnikova, O.V. Integro-Differential Polynomial and Trigonometrical
Splines and Quadrature Formulas (2018) Computational Mathematics and Mathematical Physics, 58 (7),
pp. 1011-1024. DOI: 10.1134/S0965542518070047

OPI'AHU3AIIMMU: St. Petersburg State University, St. Petersburg, 199034, Russian Federation
KPATKOE OIIMCAHMUME: Abstract: This work is one of many that are devoted to the further
investigation of local interpolating polynomial splines of the fifth order approximation. Here, new
polynomial and trigonometrical basic splines are presented. The main features of these splines are the
following: the approximation is constructed separately for each grid interval (or elementary rectangular),
the approximation constructed as the sum of products of the basic splines and the values of function in
nodes and/or the values of its derivatives and/or the values of integrals of this function over subintervals.
Basic splines are determined by using a solving system of equations which are provided by the set of
functions. It is known that when integrals of the function over the intervals is equal to the integrals of the
approximation of the function over the intervals then the approximation has some physical parallel. The
splines which are constructed here satisfy the property of the fifth order approximation. Here, the one-
dimensional polynomial and trigonometrical basic splines of the fifth order approximation are constructed
when the values of the function are known in each point of interpolation. For the construction of the
spline, we use the discrete analogues of the first derivative and quadrature with the appropriate order of
approximation. We compare the properties of these splines with splines which are constructed when the
values of the first derivative of the function are known in each point of interpolation and the values of
integral over each grid interval are given. The one-dimensional case can be extended to multiple
dimensions through the use of tensor product spline constructs. Numerical examples are represented.

Ora pa60Ta - OJlHA U3 MHOTHUX, TIOCBAILECHHBIX JallbHEHIIIEMY MCCJIEIOBAHUIO JIOKAJbHBIX
HUHTEPIOJAIMUOHHBIX ITOJIMHOMUAJIBHBIX CINIAfHOB MATOTO HpI/I6J'II/I)KCHI/I$I. 3,Z[CCI> IIpE€aACTaBJICHbBI HOBBIC
MOJIMHOMHUAJIBHBIE W TPUTOHOMETPUYECKUEC OasoBble cruraiiHpl. OCHOBHBIMH OCOOEHHOCTAMH DTHX
CIIAHOB SIBIISIOTCS CJICOYIOIIHE: alllIPpOKCUMALUA CTPOUTCSA OTACIIBHO IJI Ka)XJA0TO0 MHTCPBAJla CECTKU
(I/IJ'II/I SJICMCHTApPHOT' O Hp}IMoyFOHLHI/IKa), AlIpoOKCUMalusd CTpOUTCA KaK CyMMa HpOI/I3BCI[eHI/II71 OCHOBHBIX
CIJIAHHOB M 3HAYCHUM (byHK]_II/II/I B y3j1aX Hu / WA 3HAYEHHHA ee OpoOu3BOJHBIC H / WA 3HAYEHHS
WHTETPAIOB 3TOH (PYHKIMHU 1O MOAbIHTEpBaiaM. ba3oBble CITaifHbl ONPEAEISIFOTCS C MOMOIIBIO PELICHUS
CHUCTEMBI YpaBHEHHH, KOTOPbIE MPEJOCTABIAIOTCS HabopoM (yHKIMiA. MI3BeCTHO, YTO KOTJa WHTETrpaibl
(GyHKIEM TI0 WHTEpBajaM paBHBI HWHTErpajaM OT MNpUOMKEeHUS GYHKIAA TI0 HWHTEpBaJIaM, TO
MPUOIIIKEHNE WMEET HEKOTOopylo  (usmyeckyro mapamienb. [locTpoeHHBIE 371eCh  CIUTAHHBI
YAOBJIETBOPAIOT CBOﬁCTBy IATOTO HpI/I6J'II/I)I(6HI/IH. 3,[[605 OAHOMCPHBIC IIOJIMHOMHAJIBHBIC u
TPUTOHOMETPHUICCKHUC 0a30BBIE CIUIAMHBI IISITOrO nopsaaka HpI/I6J'II/I>KeHI/I$I CTPOATCA, KOrJa 3HAYCHU
(1)YHKI_II/II/I HU3BCCTHBI B Ka)K}_IOf/i TOYKC MHTCPHOJJIALUU. I[J'Ii[ MMOCTPOCHHUA CIJIaiHa HCIOJIb3YOTCA
JUCKPETHBIE AHAJIOTM IIE€PBOM IIPOM3BOJHOM M KBaJApaTypsl € COOTBETCTBYIOIIHMM IIOPSIAKOM
anmnpokcuManud. Mpl CpaBHMBaeM CBOMCTBA 3THUX CIUIAMHOB CO CIUJIallHAMH, KOTOpPBIE CTPOSTCS, KOrJa
3HAYEHUs NEPBOM MPOU3BOJAHON Q)yHKuHH M3BECTHBI B KaXKJJOM TOUKE MHTEPIIONSALMNY U 3aJaHbl 3HAUCHUS
WHTETpalia Mo KaxaI0My HHTepBally ceTKd. OTHOMEPHBIH Ciydail MOXKET OBITh PACIIHPEH O HECKOIBKHIX
U3MEpPEHUN 3a CUET UCIIOJIL30BAHMS CIUIAHHOBBIX KOHCTPYKIIMHA TEH30PHOTO POU3BEICHHUS.

Burova, I.G., Muzafarova, E.F., Zhilin, D.E. About adaptive grids construction (2018) WSEAS
Transactions on Mathematics, 17, pp. 340-351. LlutupoBano 2 pas.
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KPATKOE OIIMCAHHME: One of the important tasks of interpolation is the good selection of
interpolation nodes. As is well known, the roots of the Chebyshev polynomial are optimal ones for
interpolation with algebraic polynomials on the interval [-1,1]. Nevertheless, there are still some
difficulties in constructing the grid of nodes when the number of points tend to infinity. Here we offer the
formula for constructing the interpolation nodes for a rapidly increasing function or decreasing function.
The formula takes into account the local behavior of the function on the previous three grid nodes, and it



is based on the interpolation by local quadratic polynomial splines. Particular attention is paid to the
interpolation of functions on radial-ring grids.

OZ[Ha M3 BAXHBIX 3a/la4 UHTCPIIOJIAIUA - XOpOIHI/Iﬁ BI:.I60p Y3JI0B MHTCPIIOJIAIUH. Kaxk HU3BECTHO, KOpHHU
MHOI'O4JICHA YeoOrnI1IeBa SABJISAIOTCSA OIITUMaJIbHBIMU JUISL HUHTCPIOJIALINN anre6paﬂqec1<nMH
MHOTOWIeHaMu Ha uHTepBase [-1,1]. Tem He MeHee, CymIECTBYIOT TPYAHOCTH C TIOCTPOCHHEM CETKU
Y3II0B, KOT/Ia KOJIMYECTBO TOYECK CTPEMHUTCS K OCCKOHEUHOCTH. 3/eCh MBI mpeiaraeM (QopMyiry st
TTOCTPOCHHUS Y3JIOB MHTEPITOJIMK I OBICTPO BoO3pacTraromiel mim yObiBaromiedt ¢pyaknnn. dopmyna
YUYHUTBIBACT JIOKAJIBHOC IIOBEIACHUEC CI)YHKLII/II/I Ha TpeX MNpeAbIAyIIMX Y3JlaX CETKM W OCHOBaHa Ha
HUHTCPHOJANUN JIOKAJIbHBIMU KBaJAPATUYHBIMU MOJIMHOMHUAJIBHBIMU ciutaiinamu. Oco0oe BHHUMAaHHE
YACTIACTCA UHTCPIOJIAINN (l)yHKLII/If/'I Ha paauaibHO-KOJIBIEBBIX CETKaX.

Burova, 1.G., Kalnitskaia, M.A., Malevich, A.V. On the numerical solution of system of linear algebraic
equations with positive definite symmetric ill-posed matrices (2018) WSEAS Transactions on
Mathematics, 17, pp. 13-19. Ilutuposan(sr) 1 pas.
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KPATKOE OIIMCAHMUME: In this paper, we present the results of a numerical solution to ill-posed
systems of linear algebraic equations (SLAEs) with positive definite symmetric matrices by a
regularization method. In the paper it is shown that for the regularization of a computational process by
the Tikhonov method it is sufficient to replace matrix of the system by matrix of special type.

B Z[aHHOﬁ CTaTbC MPEACTABJICHBI PE3YJILTAThI YUCJICHHOI'O PCHICHUSA HCKOPPEKTHBIX CHUCTEM JIMHENHBIX
anreopamdeckux ypaBHeHuU (CJIAY) ¢ MOJTOXKUTEIHHO ONMPEICICHHBIMU CUMMETPUIHBIMA MaTpPHUIIAMH
METOAOM pETyJIApU3allnu. B cratbe IIOKa3aHO, 4YTO I PEryjisapru3alliid BBIYHUCIHUTEIBHOTIO IIpoHeEcca
METOAOM TuxoHoBa AOCTATOYHO 3aMCHUTHL MATPHUIy CUCTEMbBI HA MaTpUIly CIICHUAJIBHOT'O THIIA.

Burova, 1.G., Domnin, N.S., Vezhlev, A.E., Lebedeva, A.V., Pakulina, A.N. On the solution of the
Fredholm equation of the second kind (2018) WSEAS Transactions on Mathematics, 17, pp. 319-328.
Hutuposano 4 pas.

OPTAHU3AIINU: St. Petersburg State University, 7/9 Universitetskaya nab., St.Petersburg, 199034,
Russian Federation

KPATKOE OIIMCAHUE: - The present paper is devoted to the application of local polynomial integro-
differential splines to the solution of integral equations, in particular, to the solution of the integral
equations of Fredholm of the second kind. To solve the Fredholm equation of the second kind, we apply
local polynomial integro-differential splines of the second and third order of approximation. To calculate
the integral in the formulae of a piecewise quadratic integro-differential spline and piecewise linear
integro-differential spline, we propose the corresponding quadrature formula. The results of the numerical
experiments are given.

HaCTOHHIaSI pa60Ta IIOCBJIIIICHA NIPUMCHCHUTIO JIOKAJIBHBIX ITOJIMHOMHAJIBHBIX HUHTETPO-
mudGepeHITanbHBIX CIUTAWHOB K PEIICHUI0 WHTETPAIBbHBIX YpaBHEHWH, B YAaCTHOCTH, K PEIICHHIO
HUHTETpaJbHbIX ypaBHeHU dpearonsma BToporo poaa. ns pemenus ypaBHeHus Opearoibma BTOPOTO
poaa MPpUMCHANOTCA JIOKAJIbHBIC ITOJIMHOMUAJIBHBIC I/IHTGFpO-,Z[I/I(l)(l)epeHLII/IaIIBHLIe CIUIaliHEBI BTOpOro u
TPETHEI0 NOpsAAKa alllPOKCUMalUU. I[J'ISI BBIYUCJICHHA UHTCTpalia B (bopMynax KyCOYHO-KBaJApaTUIHOT' O
UHTETpO-Tu(PepeHINaTBPHOTO CIUIAiiHa M KyCOYHO-JIMHEHHOTO MHTErpo-auddepeHnransHoro cruaiina
mpeyiaraeTcsi COOTBETCTBYIOWIAss KBaaparypHas Qopmyna. [IpuBeneHsl pe3ynbTaThl YHCIEHHBIX
9KCIIEPUMEHTOB.

Burova, I.G., Rodnikova, O.V. Integro-differential polynomial and trigonometrical splines and quadrature
formulae (2017) WSEAS Transactions on Mathematics, 16, pp. 11-18. IlutupoBaso 9 pas.
OPTAHU3AIINU: St. Petersburg State University, 7/9 Universitetskaya nab., St.-Petersburg, 199034,
Russian Federation



KPATKOE OIIMCAHME: This work is one of many that are devoted to the further investigation of local
interpolating polynomial splines of the fifth order approximation. Here, new polynomial and
trigonometrical basic splines are presented. The main features of these splines are the following; the
approximation is constructed separately for each grid interval (or elementary rectangular), the
approximation constructed as the sum of products of the basic splines and the values of function in nodes
and/or the values of its derivatives and/or the values of integrals of this function over subintervals. Basic
splines are determined by using a solving system of equations which are provided by the set of functions.
It is known that when integrals of the function over the intervals is equal to the integrals of the
approximation of the function over the intervals then the approximation has some physical parallel. The
splines which are constructed here satisfy the property of the fifth order approximation. Here, the one-
dimensional polynomial and trigonometrical basic splines of the fifth order approximation are constructed
when the values of the function are known in each point of interpolation. For the construction of the
spline, we use the discrete analogues of the first derivative and quadrature with the appropriate order of
approximation. We compare the properties of these splines with splines which are constructed when the
values of the first derivative of the function are known in each point of interpolation and the values of
integral over each grid interval are given. The one-dimensional case can be extended to multiple
dimensions through the use of tensor product spline constructs. Numerical examples are represented.

OTta pa60Ta - OJHAa H3 MHOI'uX, IIOCBAIICHHBIX ,Z[aﬂbHeﬁIHeMy HUCCIICAOBAHHUIO JIOKAJIbHBIX
HUHTCPHOJAIUOHHBIX TMOJMHOMUAIBHBIX CIUIAafHOB MATOTO HpI/I6J'H/I>KeHI/I$1. 3I[CCI: MpEeACTaBJICHbBI HOBBIC
MMOJIMHOMHUAJIBHBIC U TPUTOHOMCTPUYCCKUC 6a3013me CIUIAMHBI. OCHOBHLIG OCO6€HHOCTI/I 9THUX HIJINICB
CJICOYIOIIME: alllIpOKCUMaIus CTPOUTCA OTACIIBbHO MJISA Ka)XI0T'0 MHTEpBaa CETKU (I/IJ'II/I QJICEMCHTApPHOTI'O
MPSIMOYTOJIBHUKA), allIPOKCUMAIIAS CTPOUTCS KaK CyMMa MPOM3BeIeHUI 0a30BbIX CIUIAfHOB M 3HAYEHUI
(hyHKIUH B y371aX W / WM 3HAYSHHUH €€ MPOU3BOIHBIX M / WIIM 3HAYEHUH WHTETPaJIOB OT 3Ta (YHKIHS 10
MOABIHTCPBAJIAM. Ba3oBrle craiiHbl OINPEACTAOTCS C TIOMOLIBIO PEHNICHUA CUCTEMBI ypaBHeHI/Iﬁ, KOTOpBIC
MIPEIOCTABISAIOTCS Ha0opoM GyHKImiA. 3BecTHO, YTO KOT1a MHTETpasbl (DYHKIMH 10 WHTepBajaM paBHbBI
HUHTCrpajaM OT HpI/I6J'H/I)KeHI/I$I (1)YHKI_II/II/I o HUHTCpBaJIaM, TO HpI/I6J'II/I)K6HH€ HUMCET HCKOTOPYIO
(1)I/I3I/IHGCKyIO napaieib. HOCTpOCHHLIe 3€Ch CTIJIafiHBI YAOBJICTBOPAOT CBOfICTBy IIATOIO HpI/I6J'H/I)KCHI/I$L
3[IGCI> OOHOMCEPHBIC TMOJIMHOMUAIBHBIE W TPUTOHOMETPHUYCCKHUC 6330BI)IC CIUIAUHBI MSITOTO nopsaka
NPHUOIMKEHUST CTPOSATCS, KOTJAa 3HAaueHUs (PYHKIMH H3BECTHBI B KaXKAOW TOYKE HHTEPHOSIHA. [y
MOCTPOEHUS CIUIaifHa MCIOJIB3YIOTCS AUCKPETHBIE aHajJOTW MEePBOM IPOU3BOJHOM M KBaApaTyphl C
COOTBETCTBYIOIIUM TOPSIIKOM amnmpoKCcUManui. Mpbl CpaBHMBaeM CBOMCTBA OSTHX CIUIAHOB CO
CHHaﬁHaMH, KOTOPBIC CTPOATCA, KOrJda 3HAYCHUA HepBOﬁ HpOPISBOI[HOﬁ (1)yHKLII/II/I HN3BECTHHI B Ka)I(,I[Oﬁ
TOYKE HHTCPIOJALMUN W 3aJdHbl 3HAYUCHUSA HHTCTpPAJIa IO KaXXIAOMY HMHTCpPBATy CCTKHU. O,Z[HOMepHBII‘/JI
cnyqaﬁ MOKET OBITh paciip€H OO0 HCCKOJIbKHUX I/I3MepeHI/Iﬁ 3a CYET MCIIOJBL30BAHUS CIIAaMHOBBIX
KOHCTPYKIUI TEH30pHOr0 IpousBeeHus. [IpeacTaBieHsl YuCI0BbIE IPUMEPSI.

Burova, I.G., Doronina, A.G., Miroshnichenko, 1.D. A Comparison of Approximations with left, right and
middle Integro-Differential Polynomial Splines of the Fifth Order (2017) WSEAS Transactions on
Mathematics, 16, pp. 339-349. ITutupoBano 5 pas.

OPI'AHU3AIIMU: Department of Mathematics and Mechanics, St. Petersburg State University, 7/9
Universitetskaya nab., St.-Petersburg, 199034, Russian Federation

KPATKOE OITMCAHUE: This paper deals with the construction of integro-differential polynomial
splines of the fifth order on a uniform grid of nodes. It is supposed that values of function in nodes and
the values of integrals over intervals are known. The properties of the left, the right and the middle
integro-differential polynomial splines are investigated. The approximation with these splines is
constructed on every grid interval separately. The results of numerical approximation by the left, the right,
and the middle integro-differential splines show that the middle splines are preferable. Errors of
approximation of the left, the right and the middle integro-differential polynomial splines of one variable
of the fifth order are given. The approximation of functions of two variables is constructed using the
tensor product. Numerical examples are presented.



B cratbe paccMmarpuBaeTcs NOCTPOCHHE HHTErpo-IU(QepeHIMANBHBIX MOJMHOMHAIBHBIX CILIaiHOB
MATOrO MOPsIIKAa HAa PaBHOMEPHOH ceTke y3ioB. [Ipenmnonaraercs, 4To U3BECTHHI 3HAUYCHHUS (QPYHKIHH B
y31ax M 3HA4EeHUs MHTErpajioB MO HMHTepBajaM. lcciemnoBaHbl CBONCTBA JIEBBIX, MPABBIX M CPETHUX
UHTETpO-TM(pPepeHINATBHBIX TOJTUHOMHUAIBHBIX CIUIAHHOB. ATNPOKCMMANWsi JSTHMHU CIUITAHHAMHA
CTPOHUTCS Ha Ka)X/IOM HHTEpBaJieé CETKH OTIENbHO. Pe3ynbTaTel YHCIIEHHOW ammpOKCHUMAIWU JIEBBIM,
IpaBbIM U CpPeIHUM HHTErpoauddepeHanbHbIMU CIUIAHHAMHM IIOKa3bIBAIOT, YTO CPEAHHUE CIUIANHBI
npeanouTuTensaee. [IpuBeeHbl MOrPeMHOCTH alIPOKCUMALUY JIEBOTO, IPABOTO0 U CPEIHEr0 MHTErpo-
middepeHInaNbHBIX ~ NOMMHOMHAIBHBIX  CIUIAHHOB ~ OAHOM  NEPEeMEHHOM  IATOro  IOpsAKa.
AnnpoxkcuManus (GYHKOUH [ABYX IEPEMEHHBIX CTPOMTCS C IOMOILBIO TEH30PHOTO MPOM3BEICHHMS.
[IpuBeneHbl TpUMEpBHI.

Dem’yanovich, Y.K. Orthogonal Basis for Wavelet Flows (2016) Journal of Mathematical Sciences
(United States), 213 (4), pp. 530-550. DOL: 10.1007/s10958-016-2723-3
OPTAHU3AIINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHME: We present an orthogonal basis for discrete wavelets in the case of comb
structure of the spline-wavelet decomposition and estimate the time of computation of this decomposition
by a concurrent computing system with computer communication surrounding taken into account.
Mel npeaAcCTaBIIeM OpTOFOHaHLHLIﬁ 0asuc A1 JUCKPETHBIX BEUBJICTOB B ClIy4ac rpe6quaT01‘/'1
CTPYKTYPhbI CIUIaliH-BEMBJIIETHOTO PAa3JI0KCHUA U OLICHMBACM BPEMS BBIUMCICHHA 3TOr0 Pas3jIOKCHUSA HaA
[apaJuICIbHON BBIYMCIIUTEIBHON CUCTEME C YUETOM OKPYKarOIEe KOMMYHUKALIHOHHOMN CPEJIbI.

Burova, 1.G., Muzafarova, E.F. Approximation with Polynomial and Trigonometric Splines of the Third
Order and the Interval Estimation (2020) Proceedings - 24th International Conference on Circuits,
Systems, Communications and Computers, CSCC 2020, ctates Ne 9402649, pp. 117-120. DOI:
10.1109/CSCC49995.2020.00028, Scopus, SJIR2020 0.13

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHHME: This work is one of a series of papers that is devoted to the further
investigation of polynomial and trigonometric splines of the third order approximation. Polynomial basis
splines are better known and therefore more commonly used. However, the use of trigonometric basis
splines often provides a smaller approximation error. Here we discuss the interval estimation with the
polynomial or trigonometric basis splines which are useful for the approximation of functions with one or
two variables. For each grid interval we construct the approximation separately. We construct the interval
estimation of approximation also separately on the each grid interval. The one-dimensional polynomial or
trigonometric basis splines of the third order approximation are constructed when the values of the
function are known in each point of interpolation. Numerical examples are represented.

Jannass paboTa sBISETCS OOHOW W3 CEPUU CTAaTeH, TOCBSIICHHBIX NaJbLHEHIIIEMY WCCIICIOBAHUIO
MTOTMHOMHATBHEIX W TPUTOHOMETPHYCCKHX  CIUIAHHOB  TPEThETO  TMOPSAKA  MPHOTMKCHUS.
[TonmmHOMHMANBEHBIE OA3WCHBIE CIUIAWHBI 0OOJIe€ W3BECTHHI U MOATOMY 4Yallle HCHOJb3yrTcs. OgHako
HCIIOJIb30BAHNEC TPHUIOHOMETPUUYCCKUX 0OasHUCHBIX CIUIANHOB qacTo Aa€T MCHBIIYIO O]J_II/I6Ky
AIIPOKCUMAIIUH. 3,E[CCI> MBI 06cy>KL[aeM HUHTCPBAJIbHYIO OLICHKY C IMOMOIIBIO NOJMHOMHAJIBHBIX WIIA
TPUTOHOMETPUYECKUX 0a3UCHBIX CIIJIAHOB, KOTOPBIC TONE3HBI TS MPUOIKEeHUs (QYHKIMA C OHOW Win
JBYMS IIEPEMEHHBIMU. JlJI Ka)10r0 MHTEpBajla CETKU IIOCTPOUM alMPOKCUMALUIO OoTAenbHO. [TocTpoum
HWHTCPBAJIBHYIO OLCHKY alIllpOKCUMallW TAKXKE OTACIBbHO Ha KaXXIOM HHTCPBAJIC CCTKH. O,Z[HOMepHI)Ie
IMOJIMHOMHAJIBHBIC HWJIM TPUTOHOMETPUUCCKUC 6a3I/ICHBIe CIUIAMHEI TPETHET0 IOpAaKa HpI/I6HI/I)KeHI/I$I
CTPOATCSA, KOTAa 3HA4YeHHWs (PYHKIMHM W3BECTHBI B KaKIOH TOYKe WHTEpHONAIWU. llpemcraBieHbI
YHCJIOBBIC ITPUMCPBHI.

Burova, 1.G., Ryabov, V.M. On the solution of fredholm integral equations of the first kind (2020)
WSEAS Transactions on Mathematics, 19, pp. 699-708. ITutuposas(s) 1 pa3, Q4 Scopus, STR2020 0.21



OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHMUE: As it is well known the problem of solving the Fredholm integral equation of
the first kind belongs to the class of ill-posed problems. The Tikhonov regularization method is well
known. This method is usually applied to an integral equation and a system of linear algebraic equations.
The authors firstly propose to reduce the integral equation of the first kind to a system of linear algebraic
equations. This system is usually extremely ill-posed. Therefore, it is necessary to carry out the Tikhonov
regularization for the system of equations. In this paper, to form a system of linear algebraic equations,
local polynomial and non-polynomial spline approximations of the second order of approximation are
used. The results of numerical experiments are presented.

Kax u3BecTHO, 3aj1a4a peleHuss MHTErpajJbHOro ypaBHeHUs PpearosbMa MEPBOro poia OTHOCUTCS K
KJIACCY HEKOPPEKTHBIX 3a1a4. MeToa peryssipusaiui THXOHOBa XOPOIIO U3BECTCH. DTOT METO OOBIYHO
MPUMEHSETCSl K MHTETPAIbHOMY YPaBHEHHIO U CUCTEME JIMHEWHBIX alNreOpandecKux ypaBHEHUH. ABTOPHI
B IEPBYIO OYECPCb IpeCjiaratoT CBECTU MHTErpaJibHOC YpaBHECHUC IIEPBOIo poJga K CUCTEME JIMHEHHBIX
anreOpanvecKuX ypaBHEHHA. JTa CUCTeMa OOBIYHO KpaifHe HeKoppekTHa. CieoBaTeIbHO, HEOOXOIIMMO
MIPOBECTH THXOHOBCKYIO PETYISAPU3AIMNIO CHCTEMBI ypaBHeHHWH. B manHo# pabote mis GopMupoBaHUs
CHUCTEMBI JIMHEHMHBIX anre6pa1/1quKI/Ix ypaBHeHI/Iﬁ HCIIOJIB3YIOTCA  JIOKAJIbHO-TIOJIMHOMUAJIBHBIC U
HCEIIOJIMHOMHUAJIbHBIC CHHaﬁH-aHHpOKCHMaHHH BTOpPOI'o nopsaaka AlMpOKCUMaAIIUu. HpI/IBC,[[eHLI
PE3YIbTaThl YUCJICHHBIX 3KCIICPUMCHTOB.

Dem’yanovich, Y.K. Adaptive Haar Type Wavelets on Manifolds (2020) Journal of Mathematical
Sciences (United States), 251 (6), pp. 797-813. DOI: 10.1007/510958-020-05130-3 ITutuposan(sr) 1 pas.
OPI'’AHU3AILIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHMUE: We consider embedded Haar type spaces associated with cell subdivisions of a
smooth manifold. We use an adaptivity criterion connected with a nonnegative set function possessing
certain monotonicity properties. We propose an algorithm for constructing embedded spaces satisfying
the adaptivity criterion. To construct the wavelet decomposition, we apply the nonclassical approach and
obtain the adaptive wavelet decomposition of the Haar type space on the manifold. Some model examples
are given.

Mpbl paccMaTpuBaeM BIIO)KEHHBIE MPOCTPAHCTBA THUIAa Xaapa, acCOIMUPOBAHHBIE C KJIETOYHBIMU
oApas3aCICHUAMU TJIIaAKOI'O MHOFOO6pa3I/I$I. MEI HCIIOJIB3yEM KpI/ITepI/Iﬁ aZIalITUBHOCTH, CBSI3aHHBIN C
HCOTpHHaTeHLHOﬁ (I)YHKHHCﬁ MHOXXCCTBA, 06nauafomel71 OMPCACIICHHBIMHA CBOMCTBAMH MOHOTOHHOCTH.
Hpe}maraeTCH AJITOPUTM  TMOCTPOCHUSA BJIOXKCHHBIX IIPOCTPAHCTB, YAOBJICTBOPAIOIMIUX KPUTCPHUIO
AJalITUBHOCTH. IIJIH MMOCTPOCHUA BCfIBJICT-pZBIIO)KGHHSI MBI TIPHUMCHACM HEKJIACCUYECKUU moaxog u
MoJIydaeM aJIaliTUBHOE BEHBIIET-Pa3ioKeHNE POCTPAHCTBA THIAa Xaapa Ha MHOroooOpasuu. [IpuBeneHs
HEKOTOPLIC MOJCIIBHBIC TPUMCPLI.

Dem’yanovich, Y.K. Wavelets in Generalized Haar Spaces (2020) Journal of Mathematical Sciences
(United States), 251 (5), pp. 615-634. DOI: 10.1007/s10958-020-05120-5 IlutupoBan(si) 1 pas.
OPTAHU3AIINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIIMCAHUE: We consider wavelet decompositions of Haar type spaces on arbitrary
nonuniform grids by methods of the nonclassical theory of wavelets. The number of nodes of the original
(nonuniform) grid can be arbitrary, and the main grid can be any subset of the original one. We proposie
decomposition algorithms that take into account the character of changes in the original numerical flow.
The number of arithmetical operations is proportional to the length of the original flow, and successive
real-time processing is possible for the original flow. We propose simple decomposition and
reconstruction algorithms leading to formulas where the coefficients are independent of the grid and are
equal to 1 in absolute value.



Me1 paccMmaTpuBaeM BEHBIET-pa3lioKEHHs] IPOCTPAHCTB TUIA Xaapa Ha MPOU3BOJIBHBIX HEOJHOPOAHBIX
CETKaX METOAaMH HEKJIACCUYECKOH TEOpHH BCIUIECKOB. KONMMUYECTBO Y3IIOB MCXOAHOHN (HEOTHOPOIHOMN)
CETKU MOXKET OBITh MMPOU3BOJIBHBIM, & OCHOBHAS CETKA MOXET OBITh JIIOOBIM ITOJMHOXECTBOM UCXOIHOM.
[IpemmaratoTcs anTOpPUTMBI JCKOMITO3HIINY, YIUTHIBAIOIINE XapaKTep M3MEHEHHUS UCXOTHOTO YHCIOBOTO
noTtoka. KonuuecTBo apupMeTHUECKUX ONEepalui MPOIMOPIUOHATIBHO UIMHE MCXOJHOIO MOTOKA, U IS
HCXOJHOTO TMOTOKAa BO3MOXKHA TOCJIENOBaTeNbHass 00pabOTKa B pealbHOM BpEeMEHH. MBI mpeiaraem
MPOCTBIE AJTOPUTMBI JIEKOMITO3UITMN M PEKOHCTPYKIMH, MPHBOJIAMNE K (QopMyrnaM, B KOTOPBIX
KO3 UITUEHTHI HE 3aBUCST OT CETKH W PaBHBI 1 110 MOJYITIO.

Dem'yanovich, Yu.K., Evdokimova, T.O., Ivantsova, O.N., Lebedinskii, D.M., Ponomareva, A.Y.
Singular splines (2020) AIP Conference Proceedings, 2293, cratest N2 420029, DOI: 10.1063/5.0031734
OPI'AHU3AILINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIIMCAHME: Singular splines are required for approximation of functions with point
singularities. This paper develops a concept ofgeneralized smoothness in the case of the mentioned
splines. Generalized smoothness is defined as equality of values for two functionals with local supports.
The splines are constructed by the suitable approximation relations. The last ones are obtained by
application of the concept to the right part of the relations (i.e. to generating vector function). Sufficient
conditions of coordinate spline existence are established. The generalized smoothness of the coordinate
splines has as a consequence of embedded spline spaces constructed on embedded grids.

CUHTYJSpHBIE CIUIAHBI HEOOXOMWUMBI JUTSl TPUOMMKEHNS (DYHKIUH C TOYEUHBIMH OCOOEHHOCTSIMH. B
I[aHHofI CTaTbC pPa3BUBACTCA KOHLCIIIUA 0606H.ICHHOI>1 NIaAKOCTU B CJIy4dac YIOMSHYTBIX CIUIalfHOB.
O606H_I€HH.':1$I TJIIaAKOCTh ONPCACIIACTCSA KaK PaBCHCTBO 3HAYCHUH ABYX (byHKLII/IOHaJ'IOB C JIOKaJIbHBIMH
HocuTenamu. CriaiHbl CTPOATCA € TMOMOLIBIO MTOAXOAAIHNX ANIIPOKCUMAIIUOHHBIX COOTHOIIICHUM.
[locnennue mnody4aroTcss NPUMEHEHMEM 3TOr0 TOHATHS K TMpaBoil dYacTh OTHOUIeHHH (T.e. K
MPOM3BOASAIICH BEKTOP- (D YHKITHH). YcTaHoBIEHBI JOCTaTOYHBIC YCJIOBHUS CYILISCTBOBAHUS
KOOPAMHATHOTO cruiaiiHa. OOO0OIIeHHAs TJIaJKOCTh KOOPAMHATHBIX CIIAMHOB SIBJIICTCS CJICACTBUEM
BJIOXKCHHOCTHU IIPOCTPAHCTB CHHaﬁHOB, IIOCTPOCHHBIX HAa BJIOKCHHBIX CETKaX.

Dem'yanovich, Y.K., Safonova, T.A., Terekhov, M.A. Wavelet Decomposition for Generalized Haar
Spaces (2020) Proceedings - 24th International Conference on Circuits, Systems, Communications and
Computers, CSCC 2020, cratess N2 9402623, pp. 121-125. DOI: 10.1109/CSCC49995.2020.00029
OPTI'AHU3AILINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OIIMCAHUME: This paper is devoted to the numerical information flows and piecewise
constant splines connected with them. The spline spaces and their wavelet decompositions are discussed.
The approximation relations for such splines turn into the decomposition of the unit. In the case of a
uniform grid, the coordinate splines of this type are often called the Haar functions. The numerical flows
are associated with irregular spline grids. The spaces of the piecewise constant splines associated with an
irregular grid are called spaces of the Haar type. This paper discusses the calibration relations, embedding
of the Haar type spaces and their wavelet decompositions. The structure of the
decomposition/reconstruction algorithms are done. The cases of the finite and the infinite flows are
considered.

HaHHaﬂ CTaTbhsa IOCBAIICHA YMCJIOBBIM I/IH(l)OpMa]_[I/IOHHI:IM INOTOKaM M CBsA3aHHBIM C HHUMHU KyCOYHO-
MOCTOSHHBIM ~ cijaiiHaM.  OOCyXIaroTcst — CIUIAMH-POCTPAHCTBA W HMX  BEUBJIET-Pa3IOKEHUS.
AHHpOKCI/IMaHI/IOHHHC COOTHOIICHUS IJI1 TaKUX CIJIaliHOB mpeBpaar0oTCsa B ICKOMIIO3UIIUTIO € TUHUIIBI. B
cllydae paBHOMEpPHOH CETKHM KOOPJMHATHBIE CIUIAWHBI ATOTO THUIA YacTO HA3hIBAIOT (QYHKIUSMH Xaapa.
YucnoBble TOTOKK CBSI3aHbI C HEPETYJSIPHBIMU CIUTaH-ceTKaMmu. [IpocTpaHcTBa KyCOYHO-TIOCTOSIHHBIX
CILIATHOB, CBSI3aHHBIX C HEPETYJSIPHOM CETKOW, Ha3bIBaIOTCS MPOCTpaHCTBaMHM Tuna Xaapa. B aToii
CTaTheC 06CY)KILaIOTC$I KaJ’II/I6pOB0‘IHBIe COOTHOLICHUS, BIIOKCHUE IPOCTPAHCTB THUIIA Xaapa U UX BEUBIIET-



PAa3IOKCHUAL. CocTaBieHbI AJITOPUTMBL  ICKOMITIO3ULIUA / PECKOHCTPYKIHHU. PaCCMOTpeHBI ClIy4dau
KOHEYHOT0 U OECKOHEUHOI'O IOTOKOB.

Dem'yanovich, Y.K., Burova, 1.G.Adaptive Approximation by General Haar's Spaces (2020) Proceedings
- 24th International Conference on Circuits, Systems, Communications and Computers, CSCC 2020,

CTaThsI Ne 9402490, pp. 147-152. DOI: 10.1109/CSCC49995.2020.00034
OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHUWE: Embedded spaces of Haar type on arbitrary irregular grids are discussed. The
mentioned spaces are selected adaptively depending on the initial numerical flow. To expand the criteria
for adaptability, two types of pseudo-measure are introduced. One type of pseudo-measure is defined on
the segments of the real axis, and the other type is set on the subsets of the initial grid. Introduced
concepts are used to construct embedded the Haar spaces with adaptivity properties in the norms of the
spaces C. The approximate properties are determined by constructed spaces. The computational
complexity of the obtained algorithm is investigated. The complexity is directly proportional to the length
of the initial number flow.

OO6cyXIatoTcsl BIOXKEHHBIE MPOCTPAHCTBA THMa Xaapa Ha MPOM3BOJBHBIX HEPETYJSIPHBIX CETKaXx.
YkazanHbIe IIpoOCTpaHCTBa BBI6I/IpaIOTC$I aJalITUBHO B 3aBHUCHUMOCTHU OT HCXOJHOI'O YHMCJIIOBOI'O ITOTOKA.
UToOBI pacmmpuTh KPUTEPUN ATANITABHOCTH, BBOMATCS NIBAa THIA TceBAOMEpHI. OIUH THII TICEBIOMEPHI
OIpEACTIACTCA Ha CETMECHTAX HCﬁCTBHTCHBHOﬁ oCcH, a ,Z[pyl“Oﬁ THIl YCTaHaBJIMBACTCA Ha NMOAMHOKECTBaX
I/ICXO,Z[HOf/i CCTKHU. BBe,Z[eHHBIe MOHATHA UCIIOJIB3YOTCA AJIsI MIOCTPOCHUS BJIOKCHHBIX MMPOCTPAHCTB Xaapa
CO CBOWMCTBaMH aJIalITABHOCTU B HOPMBI HPOCTPAHCTBA C. HpI/I6J'II/I>KeHHI>IC CBOMCTBA OIIpeACTIAOTCA
MOCTPOCHHBIMH MPOCTPAHCTBAMMU. I/ICCJ'IGI[OBaHa BbIUYMCJIUTECIIbHASA CJIOKHOCTH IOJYUCHHOI'O aJlrOpUT™Ma.
CH0XKHOCTD IpsAMO IMPONOPHHUOHAJIBbHA NJJIMHE UCXOAHOI'O YUCJIOBOI'O IOTOKA.

Dem'yanovich, Y.K., Evdokimova, T.O., Ivantsova, O.N., Lebedinskii, D.M., Ponomareva, A.Y. On
Construction of Singular Splines (2020) Proceedings - 24th International Conference on Circuits, Systems,

Communications and Computers, CSCC 2020, cratess N2 9402424, pp. 135-139. DOIL:
10.1109/CSCC49995.2020.00032

OPTAHU3AIINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIIMCAHMUME: One of the approaches to the problem of approximating functions with a
singularity is the creation of an approximating apparatus based on splines with the same feature. For
spline-wavelet decomposition of spline spaces it is important that the property of the embedding of these
spaces is associated with the embedding grids. In this paper the approximation relations are considered to
determine coordinate splines with a predefined singularity. The concept of generalized smoothness is
introduced. It allows us to consider functions with singularity as generalized smooth functions.
Corresponding approximation relations are constructed. The existence and uniqueness of coordinate
splines with the mentioned feature are established. The linear shells of the coordinate splines are spaces
with the property of embedding on embedding grids.

OmHMM W3 TOAXOMOB K Tpobieme TpUONMKEeHHS (QYHKIUA C OCOOEHHOCTBHIO SIBIISIETCA CO3IaHHE
AIMPOKCUMUDPYIOIICTO alrapaTta Ha OCHOBC CIUIAWHOB C TakOW K€ OCOOEHHOCTBIO. I[J'ISI CILJIaliH-
BEHBIIETHOT'O Pa3I0KCHUA IPOCTPAHCTB CILTalfHOB BaxXHO, 4TOOBI CBOMCTBO BJIOKEHUS DTUX MMpOCTPAaHCTB
OBUIO CBSI3aHO C BIIOKEHHBIMHU CceTKaMH. B I[aHHOﬁ CTaTbC paCCMATpHUBAIOTCA AIINIPOKCUMAIITMOHHBIC
COOTHOIICHHSI JIJISl OMNPEJACICHHUS KOOPIWHATHBIX CIUIAMHOB C 3aJlaHHONM OCOOCHHOCTBIO. BBoauTCs
MOHATHE O0OOIIEHHON TIIAJAKOCTH. DTO MO3BOJSIET paccMaTpUBaTh (YHKIUH C OCOOCHHOCTBIO Kak
00o01ieHHbIe Thaakue QyHKIUU. [T0CTPOCHBI COOTBETCTBYIOIINE ANPOKCUMAIIMOHHBIC COOTHOIIICHHS.
YcTaHOBIEHO CYIIECTBOBAHUEC U €AMHCTBCHHOCTH KOOPIAMHATHBIX CIUIalfHOB C YKa3aHHBIM IIPpU3HAKOM.
Jlunetinpie 000J0YKH KOOPIWHATHBIX CIIAHOB - 3TO MPOCTPAHCTBA CO CBOHCTBOM BJIOKEHHOCTH Ha
BJIIOKCHHBIX CE€TKaXx.



Dem’yanovich, Y K., Lebedinskii, D.M., Lebedinskaya, N.A. Two-Sided Estimates of Some Coordinate
Splines (2016) Journal of Mathematical Sciences (United States), 216 (6), pp. 770-782. I{utupoBano 2
pa3. DOI: 10.1007/s10958-016-2941-8

OPTAHU3AITINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIIMCAHMUE: Two-sided estimates for the continuously differentiable coordinate splines of
the second order are established, and sufficient conditions of their nonnegativity are provided. The results
obtained are applied to trigonometric splines.

YcraHOBIIEHBI IByCTOPOHHHE OLICHKU ISl HETIPEPBHIBHO AH(QPepeHInpyeMbIX KOOPAHMHATHBIX CIUIAHOB
BTOpOro IMopsaAka W HOPUBEACHbBI JOCTATOYHBIC YCJIOBHA HX HCEOTPULATCIBHOCTH. HOHY‘IGHHLIG
PE3YIbTAThI HPUMEHAIOTCA K TPUTOHOMETPUUCCKHUM CIUIaHaM.

Dem'Yanovich, Y.K. On Adaptive Splines (2020) Proceedings - 2nd International Conference on
Mathematics and Computers in Science and Engineering, MACISE 2020, cratest N2 9195543, pp. 304-
307. DOI: 10.1109/MACISE49704.2020.00064

OPTAHU3AIINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITUCAHMUE: The paper discusses various methods of adaptive spline approximations for the
flow of function values. The number of K knots in the adaptive grid determines the required amount of
memory for storage of compression results. The number of M knots of the original grid characterizes the
number of operations required to obtain adaptive compression. In the case of access to the derivative
values the number of digital operations is proportional to the number M. If it does not have access to the
last ones then the number of required operations has the order of M2 (in the general case). If additionally
the approximated flow is convex, then the number of required operations has the order of M log2M. In all
cases the result requires the computer memory amount of the order of K.

B crathe oOcyxmaroTcs pasmUYHBIE METOMABI AJAaNTHBHBIX CIUIAHH-alPOKCUMAIINA TIOTOKA 3HAYCHHUU
¢bynakuii. KonwgectBo K y3710B B afanTHBHON CeTKe OmpenesseT HEOOXOAUMBIM O00beM MaMATH IS
XpaHCHHUA PC3YJIbTATOB CXKATHA. KoanuectBo M y3J10B I/ICXO,I[HOI;'I CCTKU XapPaKTCPU3YCT KOJIHUYCCTBO
onepaunﬁ, HCO6XOI[I/IMI:IX JJI MIOJIYUYCHHA aOallTUBHOIO CIKATUA. B ClIyda€ OOCTyIla K IMPOU3BOJHBIM
3HAYECHHUSIM KOJMYECTBO HUPPOBBIX OMEpaIUii MPONopuruoHanbsHo ynciny M. Ecnu oH He mMmeeT gocTyma K
MOCJICIHUM, TO KOJIMYECTBO TpeOyeMbIX omepalmii umeeT mnopsaok M2 (B obmem ciydae). Eciun
JIOTIOJTHUTENBHO aMMPOKCHMUPYEMBIA MOTOK BBITYKIIBIA, TO KOJIHYECTBO TpeOyeMbIX Omeparfii uMeeT
mopsiok M log2M. Bo Bcex citydasx Uil OTydeHHS pe3ybTaTa TpeOyeTcss 00beM MaMsITH KOMIBIoTepa
nopsiaka K.

Demjanovich, Y.K. On complexity of adaptive splines (2020) International Journal of Circuits, Systems
and Signal Processing, 14, pp. 607-615. LutupoBano 3 pa3. DOIL: 10.46300/9106.2020.14.78
OPI'AHU3AILIMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHMUE: The paper discusses various methods of adaptive spline approximations for the
flow of function values. It is considered an adaptive compression algorithm, which, for a priori given, has
the properties 1) the complexity of the algorithm is proportional to the length of the original flow, 2) by
the piecewise linear interpolation of the compression result, it is possible to restore the original flow with
an accuracy of 3) the compression result is close to optimal and has O(M) of arithmetic operations. The
effectiveness of this approach is demonstrated on rapidly changing initial flows of numerical information
in the digital experiment . In addition, the paper presents an exact two-sided estimate for the number
O(M2) of arithmetic operations for the optimal solution of the problem of compressing an informational
numerical flow of length M with the possibility of recovering this flow with a predetermined accuracy.
Provided that the original flow is convex, a compression algorithm is developed with an accurate



twosided estimate of the number O(Mlog2M) and with the possibility of recovery with a prescribed
accuracy.

B crathe 00cyxHaroTcsi pa3nudHble METOABI AIaNTHUBHBIX CIUIaH-allpOKCHMAIMK MOTOKa 3HAUYCHHH
¢yHkuuii. PaccMaTpuBaeTcsl afanTHBHBINA arOPUTM CXKATHS, KOTOPBIA alpuOpH 00JIaIaeT CIIEAYIOIUMH
cBOMcTBaMu: 1) CIOXHOCTH aIrOpUTMa MPOMOPHHOHAIBHA JyTHHE M HCXOJHOTO MOTOKA, 2) M0 KyCOYHO-
JMHEHHON MHTEPIOJIIINY Pe3yiIbTaTa CKaTHs BO3MOXKHO BOCCTAHOBJICHHS UCXOJHOTI'O I10TOKA C allpHOpPU
3aIaHHON TOYHOCTBIO 3) PEe3yNbTaT CxKaTHA OMM30K K onTuMainbHoMy U uMmeeT O (M) apudMeTHIecKx
onepauuii. D(H(PHEeKTUBHOCTh ITOTO MOAXOAA AEMOHCTPHPYETCS Ha OBICTPO MEHSIOIIMXCS HadalbHBIX
MOTOKaX 4HMCIOBOW MH(popMauuu B nudpoBoM 3kcnepumeHTte. Kpome Toro, B craTthe NHpeacTaBlieHa
TOYHasl JBYCTOPOHHsIsSI oueHKa konndyectBa O (MxM) apupMeTndeckux omepauuii it ONTHMAaJIbHOTO
pelleHusT 3aJadd  CKaThid WHPOPMALUMOHHOTO YHCIOBOrO TOTOKAa JUIMHBI M ¢  BO3MOYHOCTBIO
BOCCTaHOBJICHHS ATOI'0 IIOTOKA C 3aJlaHHOM TOYHOCTBIO. IIpu ycClI0BHH, YTO UCXOAHBINA MOTOK SIBJISIETCS
BBIMYKJIBIM, Pa3paboTaH  aJrOpPUTM CKaThs C TOYHOH JByXcTopoHHeil onenkod ¢ O (Mlog M)
apupMeTHdecKnxX JeHCTBMM W C BO3MOXHOCTBIO BOCCTAaHOBJEHHS C 3a/JIaHHOW TOYHOCTBIO.

Demjanovich, Y.K., Evdokimova, T.O., lvancova, O.N., Lebedinskii, D.M., Ponomareva, A.Y. On
wavelet decomposition of the singular splines (2020) International Journal of Circuits, Systems and
Signal Processing, 14, pp. 571-579. LurupoBano 3 pa3. DOIL: 10.46300/9106.2020.14.73
OPI'AHU3AIIMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIMMCAHME: One of the approaches to the problem of approximating functions with a
singularity is the creation of an approximating apparatus based on splines with the same feature. For the
wavelet decomposition of spline spaces it is important that the property of the embedding of these spaces
is associated with embedding grids. The purpose of this paper is to consider ways of constructing spaces
of splines with a predefined singularity and obtain their wavelet decomposition. Here the concept of
generalized smoothness is used, within which the mentioned singularity is generalized smooth. This
approach leads to the construction of a system of embedded spaces on embedded grids. A spline-wavelet
decomposition of mentioned spaces is presented. Reconstruction formulas are done.

OnHuM W3 TOAXOJOB K MpobiiemMe mpuONMxKeHuss (YHKIUH C OCOOCHHOCTBIO SIBISCTCS CO37aHue
arMmpoOKCUMHUPYIOLIETO annapaTa Ha OCHOBE CILUIAMHOB C TAKUM e Mpu3HakoM. [ BeHBIeT-pa3noKeHus
MIPOCTPAHCTB CIUIAafHOB Ba)XKHO, YTOOBI CBOMCTBO BIOKCHHOCTH STHUX TPOCTPAHCTB OBLIO CBS3aHO C
BCTpAUBACMBIMHU CCTKAMMU. L[eJ'IB ,Z[aHHOfI CTaTbu - PACCMOTPECTH CIIOCOOBI MMOCTPOCHUS NPOCTPAHCTB
CIJIAIiHOB C BaHaHHOﬁ 0COOEHHOCTBIO U NOJYy4YHUTh HX BeﬁBHeT-paBJ’IomeHHe. 3,I[GCB HCIIOJIb3YCTCA
IIOHATUC 06061LI€HHOﬁ TJIIaAKOCTHU, B paMKax KOTOpOfI YKa3aHHas1 0COOEHHOCTB SIBJISIETCS O606].LI€HHO
rnaakoi. Takol moaxoJ MPUBOAUT K MOCTPOEHUIO CUCTEMBI BJIOYKEHHBIX IPOCTPAHCTB HA BIIOKEHHBIX
cerkax. I[IpencraBieHO CIUIAMH-BEMBIETHOE PA3JI0XKEHUE YHNOMSHYTBIX HPOCTpaHCTB. lIpencraBieHsl
(hopMyIIBI PEKOHCTPYKLIHH.

Demjanovich, A.Y.K., Safonova, T.A., Terekhov, M.A., Belyakova, V., Le, B.T.N. The generalized haar
spaces and their adaptive decomposition (2020) International Journal of Circuits, Systems and Signal
Processing, 14, pp. 548-560. IlutmpoBano 3 pa3. DOIL:  10.46300/9106.2020.14.71
OPI'AHU3ALIMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OITMCAHMUE: This paper is devoted to the numerical information flows and adaptive
decompositions of the general Haar functions connected with them. The aim of this paper is to propose an
adaptive wavelet decomposition using an adaptive compression algorithm for a flow of numerical
information of length M with complexity O(M) and with a given precision of €> 0. The numerical flows
are associated with irregular spline grids. This paper discusses the calibration relations, the embedding of
the general Haar spaces and their wavelet decompositions. The structure of the decomposition/
reconstruction algorithms are done. The cases of the finite and the infinite flows are considered. The
paper discusses various methods of adaptive Haar approximations for the flow of function values.



Assuming that the values of the first derivative of the approximated function is known (exactly or
approximately), the complexity of using an adaptive grid is estimated for a priori specified approximation
accuracy. The number of K knots in the adaptive grid determine the required amount of memory for
storage of the compression results. The number of M knots of the initial grid characterizes the number of
operations required to obtain the adaptive compression. In the case of access to the derivative values (or
their approximations) the number of digital operations is proportional to the number M. If it does not have
access to the last ones then the number of required operations has the order of M2 (in the general case). If
additionally, the approximated flow is convex, then the number of required operations has the order of M
log2M. In all cases the result requires the computer memory amount to be of the order of K.

HaHHaﬂ CTaTbhsd IIOCBAILICHA YHCIIOBBIM I/IH(l)OpMa]_II/IOHHBIM MOTOKaM W aJallTUBHBIM Pa3JI0XKCHUAM
CBS3aHHBIX C HUMH oOmux ¢yHkuuii Xaapa. Llembro naHHOM CcTaThu SABNSETCS TNPEATIOKEHHUE
aZJalITUBHOI'O BCﬁBHeT-paSHO)KCHHH C HCIIOJIb30BAHHWEM aJIrOpUTMa aAallTUBHOI'O CXKaTWA JIsd IIOTOKa
yrcioBod mHpopManuu 1uHBI M co cinoxHocteio O (M) m 3amaHHON TouHOCThIO €> (. UmcmoBbie
MOTOKM CBSI3aHBI C HEPETYJSIPHBIMH CIUIAHHOBBIMM CeTKaMH. B 3ToW cTatbe 00CyXImarorcs
KaJTMOPOBOYHBIC COOTHOIIICHHS, BIIOKCHHE OOITUX IMPOCTPAHCTB Xaapa M WX BEUBJICTHBIC Pa3IOKCHUS.
CocTaBJIEHBI AITOPUTMBI  ICKOMIIO3UIIUA / PEKOHCTPYKIHU. PaCCMOT‘peHH ClIydah KOHCYHOIO H
OECKOHEYHOI'0 IOTOKOB. B crathe 060y>K,Z[aIOTCH pa3JIndHbIC MCTOAbI AAalITUBHBIX aHHPOKCI/IMaLII/Iﬁ
Xaapa ans moTtoka 3HayeHWd QyHkomid. [lpenmonaras, 4ro 3HadeHUS NEPBOW IPOU3BOAHOM
anmnpoOKCUMHUpYeMol (YHKUIMH HW3BECTHBI (TOYHO WM TNPHONMKEHHO), CIO0KHOCTh HCIOJIb30BAHMUS
aJJalITUBHON CETKH OLEHMUBAETCA ISl alpUOpU 3aJaHHOM TOYHOCTH AalpOKCHMAIIUU. Komuuecteo K
y3JI0B B QJallTUBHOM CETKE OMpeJeNsieT HeoOXOAWMBIH 00beM MNamsTH Il XpaHSHHS pe3yJIbTaTOB
cxaruda. KomamgectBo M y310B HCXOMHON CETKHM XapaKTEpU3yeT KOJIMYECTBO ONEpaIii, HEOOXOIUMBIX
A IIOJIYY€HHA aJallTUBHOI'O CXKaTHs. B ClIyda€ OoCTymna K 3HAaUYCHUAM IIPOHU3BOIHBIX (I/IJ'II/I K HX
MPUOIIKEHUSIM) KOIMYECTBO MU(POBEIX OMEpanuii MponopiuoHaibHo yucny M. Eciam Her mocTtyma k
MIOCIIETHUM, TO KOIMYECTBO TpeOyeMBIX omepanuii mmeeT mopsgaok MxM (B obmem cimydae). Ecim
JOIIOJITHUTCIBHO H3BCCTHO, 4YTO aHHPOKCHMpreMLIﬁ IIOTOK BBIHYKHLIﬁ, TO KOJIHUYCCTBO Tpe6y€MBIX
omepauuii umeer mnopsamok MxlogM. Bo Bcex cnywasx g XpaHEHMSl pesylibTata Tpedyercs
KOMIIBIOTEpHAA MaMATh NMMOPSAKa K.

Dem'yanovich, Y.K. Embedding of spaces and wavelet decomposition (2020) St. Petersburg
Mathematical Journal, 31 (3), pp. 435-453. DOI: 10.1090/SPMJ/1607

OPI'AHU3AILIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIIMCAHMUE: Necessary and sufficient conditions of generalized smoothness (called
pseudosmoothness) are found for coordinate functions of the finite element method (FEM). Embedding of
FEM spaces on embedded subdivisions is discussed. Approximation relations on a differentiable manifold
are considered. The concept of pseudosmoothness is formulated in terms of the coincidence of values for
linear functionals on functions in question. The concept of maximum pseudosmoothness is introduced.
Embedding criteria for spaces on embedded subdivisions are given. Wavelet expansion algorithms are
developed for the spaces mentioned above.

Haﬁ}.‘[eHH HCO6XO,I[I/IMLI€ n JOCTAaTOYHBIC YCJ10BHUA 0606IHCHHOﬁ TJ1aAKOCTH (HaBLIBaeMOﬁ
MICEBJIOTJIAJIKOCThIO) JJIsl KOOPIAUHATHBIX (DYHKIUI MeTona koHeuHbIX 3nemeHToB (MKD). O0cyxknaercs
BIIOKeHUE TpocTpancTB MKD Ha BIIOKEHHBIX MOJpa3fiefieHusX. PacCMOTpeHbl anmpoKCHMAI[HOHHBIE
COOTHOIIICHHS Ha TUddepeHIIupyeMoM MHOTrooOpasuu. [loHATHE TICeBAOINAAKOCTH (HOPMYIUPYETCS B
TEPMHUHAX COBIMAJICHH 3HAUCHUH JTMHEHHBIX (YHKIIMOHAIOB Ha paccMaTpuBaeMbIX (QyHKIHIX. BBoauTcs
MOHATUE MaKCUMaJbHOM TMCEeBAOIIAAKOCTH. IIpuBEJEHB KpUTEpUU BIOKEHUS IPOCTPAHCTB Ha
BIIOKEHHBIX TOJpa3aeiaeHnax. i ymOMSIHYTHIX BBIIIE POCTPAHCTB pa3padOTaHBI AlTOPUTMBI BEHBIIET-
PAa3IOKCHUH.

Dem'Yanovich, Y.K., Fefelov, A.A. Finding and visualizing of limit cycles (2020) CEUR Workshop
Proceedings, 2556, pp. 108-111.



OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OITMCAHUE: The article reflects a study aimed at using a parallel computing system for
automated retrieval and visualization of cycles of a quadratic system of two differential equations. The
study was conducted in the sevendimensional space of parameters - system coefficients and initial data of
the Cauchy problem. It is very important for sustainable operation of transport systems. To implement the
calculations, supercomputers of Moscow State University were remotely used. Visualization of the results
carried out on Hewlett Packard personal computers. The developed software model is applicable to
weaning and visualization of cycles for different systems of two differential equations.

B CTaThe OpeaACTaBJICHO HUCCICA0OBAaHUCEC, HaIrpaBJICHHOC Ha HCITOJB30BAaHHUEC napaJmenLHoﬁ
BBIYHCIIMTEIILHON CHCTEMBI A1 aBTOMATHYCCKOro IOHWCKa W BHU3yaJIM3alluU IUKIIOB aBTOHOMHOH
CUCTeMBl JBYX Ju(QepeHIMalbHbIX ypaBHeHUH. lcciegoBaHue TPOBOJUIOCE B CEMHUMEPHOM
MPOCTPAHCTBE IMApaMETPOB — CHUCTEMbl KOI(D(HUIIMEHTOB W HaYajbHBIX JaHHBIX 3amayn Korm.
UccnenoBarnne MokeT OBITH HCHOJB30BAaHO, B YACTHOCTH, Ui OpPTaHHW3AMHA YCTOWYHMBOW pabOTHI
TPAaHCHOPTHBIX cUCTeM. [Ipy  TIPOBEJEHHWH PACUETOB HCIOJIB30BAIUCH CylepkoMnboTepsl MIY B
AUCTAHIIMOHHOM PEXUME. anyanmaulxm PpE3YJIbTAaTOB MNPOBECJACHA Ha IMEPCOHAJIBHBIX KOMIIBIOTEpAX
Hewlett Packard. PazpaGorannas mporpamMmHas MoAeib NPUMEHHMMA JUIS OTBICKAaHHS M BHU3YyaJIM3allld
IUKJIOB IIPpU UCCJICAOBAHNU PA3JIMIHBIX CUCTCM IBYX ,Z[I/I(l)(l)epeHLII/IaHLHBIX ypaBHCHHﬁ.

Dem’yanovich, Y.K. Splines of Variable Approximation Order and Their Wavelet Decompositions
(2020) Journal of Mathematical Sciences (United States), 244 (3), pp. 401-418. DOI: 10.1007/s10958-
019-04626-x

OPI'’AHU3AILIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHUE: We construct spline (finite element) spaces of variable approximation order
and find necessary and sufficient conditions for pseudosmoothness of such splines. We study embedding
of the spline spaces on embedded subdivisions and construct the corresponding wavelet decompositions.
The constructions are based on the approximation relations defined on a cell subdivision of a
differentiable manifold under the assumption that the multiplicity of the covering by supports of the
coordinate functions is variable, which causes the variable approximation order. The spline spaces
possess the adaptive approximation property. The notion of pseudosmoothness lead to new families of
embedded spaces.

Ml CTpOUM CIJIAHOBBIE (KOHC‘IHO-3J’ICMCHTHH€) MMPOCTpaHCTBA MEPEMCHHOI'O MOPsAAKA alllIPOKCUMAINN
1 HaxXxoauM H606XOZ[I/IMLI€ U JOCTATOYHBIC YCJIOBUSA ICCBAOITIAAKOCTU TAKUX CIJIaHOB. MBI n3ydacm
BJIOJKCHUC TIIPOCTPAHCTB CIUIAMHOB Ha BJIOXKCHHBIX noapasaciicHudx MW CTpOUM COOTBECTCTBYIOUIME
BGfIBJICT'I)EBJIO)KCHHH. HOCTpOCHI/ISI OCHOBAHbI Ha alIllIPpOKCUMAIIMOHHBIX COOTHOIICHUAX, ONPCACIICHHBIX
Ha KJIETOYHOM pa30ueHuM IUPPEPEHIIUPYEMOro MHOT000pa3vs B TMPEANONOKECHUH, YTO KPAaTHOCTh
MOKPBITHSI HOCHUTENSIMH KOOPAWHATHBIX (YHKIWHA T€peMEHHas, YTO OOYCIaBIMBAeT MepeMEeHHBIN
TopsIoK ammpokcuMariui. CIUTaiH-poCTpaHCcTBa 00Jadal0T CBOMCTBOM aIalTHBHOM ammpOKCHMAITHH.
ITonsarue IICEBAOTIAAKOCTH ITPUBOAUT K HOBBIM CEMENCTBAM BJIOKEHHBIX IIPOCTPaHCTB.

Dem’yanovich, Y.K. Algorithms for Wavelet Decomposition of of the Space of Hermite Type Splines
(2019) Journal of Mathematical Sciences (United States), 242 (1), pp. 133-148. ITutuposano 3 pa3. DOI:
10.1007/s10958-019-04470-z

OPI'AHU3AILINMN: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHHMUE: For the space of (not necessarily polynomial) Hermite type splines we develop
algorithms for constructing the spline-wavelet decomposition provided that an arbitrary coarsening of a
nonuniform spline-grid is a priori given. The construction is based on approximate relations guaranteeing
the asymptotically optimal (with respect to the N-diameter of standard compact sets) approximate
properties of this decomposition. We study the structure of restriction and extension matrices and prove



that each of these matrices is the one-sided inverse of the transposed other. We propose the
decomposition and reconstruction algorithms consisting of a small number of arithmetical actions

Jnst mpocTpaHcTBa CIUIAHHOB THNa DpMmuTa (HE 00s53aTeNbHO MOJMHOMHANBHBIX) MBI pa3pabaThiBacM
AJITOPUTMBL  TTOCTPOCHU A CIUIaliH-BEUBIECTHBIX paSJ]O)KCHI/Iﬁ npu yCJIOBHUH, YTO MPOM3BOJIBHOC
YKPYIIHEHUE HEOJHOPOJHOM CIUIAfHOBOM CETKM 3apaHee 3agaHo. KOHCTpyKuus OCHOBaHa Ha
AIMIPOKCUMAITMOHHBIX COOTHOMICHUAX, TAPAHTUPYIOIIUX ACUMIITOTUYCCKH OITHMAJIbHBIC (OTHOCI/ITCHLHO
N-mormepeyHnKa CTaHAAPTHRIX KOMITAKTOB) CBOMCTBA MPHONIMKEHUS ATOTO PA3IOXKEHUS. MBI mM3ydaem
CTPYKTYPY MATpHUILbI CYKCHUS W MATPHUIbI IPOAOJLKCHUS U NOKA3bIBACM, YTO KaxKAasl U3 3TUX MaTpUll
SIBIIIETCS. OJIHOCTOPOHHEW OOpaTHOW JUIsi TpPaHCIOHMPOBaHHON BTopoi. [lpemmaratorcs anropuTMbl
ACKOMIIO3UIIMU U PCKOHCTPYKIIUU, COACPIKAIINEC U3 HEOOJIBIIIOE KOJIMYECTBO apI/I(l)MeTI/IquKI/IX ,I[GI)'ICTBI/Ifl.

Dem’yanovich, Y .K., Ivantsova, O.N., Khodakovskii, V.A. Positivity of Minimal Coordinate Splines
(2016) Journal of Mathematical Sciences (United States), 219 (6), pp. 936-958. DOI: 10.1007/s10958-
016-3156-8

OPTAHU3AIIUU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OIIMCAHHUE: We obtain sufficient positivity conditions for continuously differentiable
minimal coordinate splines of the second order in a general case. These conditions are used for
constructing positive exponential continuously differentiable coordinate splines. We establish the
positivity of hyperbolic and fractional-rational minimal coordinate splines without any restrictions on a
grid.

[Tomrydens! 1ocTaTOYHBIE YCIOBHS IMOJIOKUTENIEHOCTH HEMPEPHIBHO MU PEPEHIUPYEMBIX MUHUMAITBHBIX
KOOPIWHATHBIX CIUIAHOB BTOPOTO IOpsIKa B 0OIIEM clry4ae. Ot YCIOBHSL HCIIOJIB3YIOTCS IS
IOCTPOCHUA TTOJIOKUTECIIBHBIX 3KCIIOHCHIHUAJIBHBIX HETIPEPBIBHO zm(b(bepeHquyeMHX KOOPpANHATHBIX
CIIaHOB. VcranaBanuBaeTcs IIOJIOXKHUTCIBHOCTD l“I/Il'Iep6OJ'II/I‘IeCKI/IX n ,Z[p06HO-paLII/IOHaJ'II>HI>IX
MHUHHUMAJIBHBIX KOOPAWHATHBIX cIUIaiiHoB 0€3 KaKuX-I100 OI’paHI/I‘leHI/Iﬁ Ha CCTKY.

Dem'yanovich, Y.K. Parallelization of spline-wavelet decomposition (2019) WSEAS Transactions on
Mathematics, 18, pp. 241-249. ITutuposano 3 pas.

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIIMCAHUE: A discrete spline-wavelet decomposition of the first order is discussed in the
framework of the nonclassical approach. The purpose of this paper is to estimate the calculation duration
for the discrete spline-wavelet decomposition with the use of two sorts of computers: One-Processor
System (OPS) and Parallel Multi-processor System (PMS). The main object is the grid functions, which
are named flows. The finite dimensional spaces of the initial flows, wavelet flows and main flows are
introduced. These spaces are associated with the original and the enlarged grids, respectively. Estimates
for the duration of the calculations are given with taking into account the properties of a communication
computer environment. The presentation is accompanied with illustrative examples. We consider the grid
functions whose domain is a grid on the real axis (for example, on the set of integers). This approach is
convenient when processing flows are sequences of numbers. Then we discuss a grid enlargement and
construct an embedded discrete spline space. Using a projection operator, we obtain a wavelet
decomposition and give an illustration example of the mentioned decomposition. Taking into account the
obtained algorithms we consider their implementation with OPS and PMS. In the situation of the
unlimited concurrency the duration (runtime) of calculation with PMS does not depend on the data
volume (i.e. it does not depend on the length of the initial flow), on the other hand, the duration of the
calculation with OPS is directly proportional to the data volume.

B paMKax HCEKJIACCHUYCCKOIro mnoaxoaa 060y)K,Z[a€TC$I JAUCKPCTHOC CIIJIAMH-BEMBIIETHOE PA3JI0KCHUC
NEpBOro mopsdaka. ]_ICJ'ILIO ,Z[aHHofI CTaTbU SBJIAICTCA OLCHKA MPOAOJDKUTCIBHOCTU pacdyeTa JUCKPECTHOTO
CIUIaliH-BEMBIIET-PA3JIOKEHUSA C MKCIOJIB30BAHUEM KOMIIBIOTEPOB JIBYX THUIIOB: OJHOIPOLECCOPHON
cuctembl (OPS) u mapamienbHol MHOTOMpoOIecCOpHOi cucteMbl (PMS). I'maBHbIN OOBEKT - CETOUHBIC



(yHKIIUM, KOTOpBIE HAa3bIBAIOTCS IIOTOKaMH. BBeIEHBI KOHEYHOMEPHBIE MPOCTPAHCTBA HAYabHBIX
MIOTOKOB, BEUBJIETHBIX MOTOKOB M OCHOBHBIX IOTOKOB. OJTH MPOCTPAHCTBA CBSI3aHbI C HMCXOAHOH U
VKPYIIHEHHOW CETKaMU COOTBETCTBEHHO. IIpuBeneHBI OIEHKH NPOJOLKUTEIFHOCTA BBIUMCICHHUHN C
YYETOM CBOWCTB KOMMYHHMKAallMOHHOW KOMIIbIOTEpHOM cpeabl. [lpeseHTauuss compoBOXKIaeTCs
HarJIIIHBIMU TIPpUMCPAMU. Mel paccMaTpuBa€M CETOUYHBLIC ®YHKHHH, O6JIaCTB OIpeaACICHNUA KOTOPLIX
mpeAcTaBisieT co00i CeTKy Ha JACHCTBUTENBHON OCH (HAalpuUMep, Ha MHOXKECTBE IENBIX dmceln). Takoi
moaxoa yao0eH, Koraa TOTOKH 00pabOTKH TIPEACTABIISIOT COOO0 MOCIeN0BAaTEIFHOCTH YHCEN. 3aTeM MBI
o0CyXKaaeM pacIIipeHue CETKH U CTPOUM BIIOKEHHOE JAMCKPETHOE MPOCTPAHCTBO CIUTAWHOB. Mcmonn3ys
olepaTop TPOEKIMH, MbI TIOJy4YaeM BEWBIIET-pa3lioKeHHEe U JaeM WJUIIOCTPATUBHBIA TMPUMED
YOOMSIHYTOrO paznoxeHus. C y4eToM MOJyUYEeHHBIX alrOpUTMOB paccMaTpuBaeM ux peanusanuio ¢ OPS
n PMS. B cutyanuum HeEOrpaHHYEHHOro Mapajulen3Ma HPOAOIKUTENBHOCTh (BpeMs BBIIOIHEHUS)
pacueTa ¢ ucrnonb3oBanue PMS He 3aBUCHT OT 00beMa JIaHHBIX (T.€. HE 3aBHCUT OT JJIMHBI HAYAIBHOTO
MIOTOKAa), C JPYrod CTOPOHBI, OT MPOAODKHTEIFHOCTH pacuerta ¢ momompio OPS  mpsmo
MPOIOPIIMOHATIFHA 00BbEMY TAHHBIX.

Dem’Yanovich, Y.K. Smoothness and embedding of spaces in FEM (2019) WSEAS Transactions on
Mathematics, 18, pp. 46-54. LlutupoaHo 2 pa3.

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHUE: The smoothness of functions is absolutely essential in the case of space of
functions in the finit element method (FEM): incompatible FEM slowly converges and has evaluations in
nonstandard metrics. The interest in smooth approximate spaces is supported by the desire to have a
coincidence of smoothness of an exact solution and an approximate one. The construction of smooth
approximating spaces is the main problem of the finit element method. A lot of papers have been devoted
to this problem. The embedding of FEM spaces is another important problem; the last one is extremely
essential in different approaches to approximate problems, speeding up of convergence and wavelet
decomposition. This paper is devoted to coordinate functions obtained with approximate relations which
are a generalization of the Strang-Michlin’s identities. The aim of this paper is to discuss the pseudo-
smoothness of mentioned functions and embedding of relevant FEM spaces. Here we have the necessary
and sufficien conditions for the pseudo-smoothness, definitio of maximal pseudo-smoothness and
conditions of the embedding for FEM spaces define on embedded subdivisions of smooth manifold. The
relations mentioned above concern the cell decomposition of differentiable manifold. The smoothness of
coordinate functions inside the cells coincides with the smoothness of the generating vector function of
the right side of approximate relations so that the main question is the smoothness of the transition
through the boundary of the adjacent cells. The smoothness in this case is the equality of values of
functionals with supports in the adjacent cells. The obtained results give the opportunity to verify the
smoothness on the boundary of support of basic functions and after that to assert that basic functions are
smooth on the whole. In conclusion it is possible to say that this paper discusses the smoothness as the
general case of equality of linear functionals with supports in adjacent cells of differentiable manifold.
The results may be applied to different sorts of smoothness, for example, to mean smoothness and to
weight smoothness. They can be used in different investigations of the approximate properties of FEM
spaces, in multigrid methods and in the developing of wavelet decomposition.

Iankocts QyHKIUE abCcOMOTHO HEOOXOAMMA B ClIydae MPOCTPAHCTBA (YHKIMH B METOAE KOHEYHBIX
anementoB (MKD): Hexondopmubiii MKD MeyieHHO CXOAMUTCS M HUMEET OICHKH B HECTaHAAPTHBIX
MeTpukax. VHTepec K TIAIKUM TNPHUOIMHKEHHBIM IPOCTPAHCTBAM MONICPKHUBACTCA CTPEMIICHHEM K
COBIIAACHUIO TJIIaAKOCTHU TOYHOT O u HpI/I6J'II/I)KeHHOF0 PpEUICHMA. HOCTpOEHI/IC TJIaJKNX
AN POKCUMUPYIOIINX IPOCTPAHCTB - OCHOBHAS ITPOOJIeMa METOla KOHEYHBIX IIEMEHTOB. JTOM MpodiieMe
IIOCBAIIICHO MHOI'O pa60T. Brioxenne MMPOCTPAaHCTB MKD - CIIIC OJHa Ba)XHas r[p06J1eMa; IIOCJICOHEC
‘IpeBBBI‘{afIHO BAXHO B pa3JIMYHBIX MMOAXOAaX K HpI/I6J'H/I>KCHHLIM 3aa4aM, YCKOPCHUIO CXOAWMMOCTH U
BGfIBJICT-p&?;JIO)KCHHIO. I[aHHaH CTaThs MOCBAILICHA KOOPANHATHBIM (byHKIII/IHM, MOJIy4YCHHBIM C ITIOMOIIBIO
ANMpPOKCMAIIMOHHBIX COOTHOIICHUH, KOTOPBIC SBISIOTCS 0000IeHHeM ToxnecTB CtpeHra-MuxiuHa.



Lenpto maHHOW cTaThu SABISETCS OOCYKACHWE TCEBAOTIAAKOCTH YIMOMSHYTHIX (DYHKIMH M BIIOXKEHUS
COOTBETCTBYIOIMX MpocTpaHcTB MKD. 3nmech MBI MMeeM HEOOXOIMMBIE WM JIOCTATOYHBIC YCIOBHSI
MICEBOTTIAIKOCTH, OINpeAesiCHHEe MaKCUMAJIbHON TMCEBIOTIAJAKOCTH M YCIOBHUS BioxkeHus st MKO-
MPOCTPAHCTB, OIPEACICHHBIC Ha BJIOXKCHHBIX IMOJAPA3ACJICHHUSIX IJIAJKOT0O MHOT000pasus. YKa3aHHBIC
BBIIIIE COOTHOIICHHSI OTHOCATCS K KJICTOYHOMY paszloXeHuio muddepeHInpyeMoro MHOT000pasusl.
I'maaxocTs KOOPAWHATHBIX (YHKIWHA BHYTPH SYEEK COBMAAAET C TIAIKOCTHIO MPOHU3BOJSIICH BEKTOP-
(yHKIIMM TIpaBOM YacTH AammpOKCMAIMOHHBIX COOTHOIIEHHUH, MO3TOMY TJIABHBIA BOIMPOC - TUIABHOCTH
Iepexo/ia 4epe3 IPaHHIY COCEOHUX sS4eeK. ['JagKkocTh B JAaHHOM CIIy4ae - 3TO PaBEHCTBO 3HAUYEHUM
(hYHKIIMOHAJIOB C HOCHTEISIMH B COCEeTHHMX sdeiikax. I[lomydeHHBIE pe3ynbTaThl AAalOT BO3MOXHOCTh
MPOBEPUTH TJIAJIKOCTh HA TPAHMIIE HOCHUTENS Oa3MCHBIX (YHKIMH ¥ TOCJIE 3TOTO YTBEPIKAATh, YTO
0a3oBble (YHKIMH B IEJIOM TJIaJIKKe. B 3akioueHre MOXXHO CKa3aTh, YTO B JIAHHOW CTaThe TJIaJIKOCTh
paccMmaTpuBaeTcs Kak OOLIUIl Cilydall paBeHCTBA JMHEHHBIX (DYHKIIMOHAJIOB C HOCHUTEISMH B COCEIHHMX
siueiikax  quddepeHIupyeMoro MHOrooopasus. Pe3ynbraTel MOryT OBITh NPUMEHEHBI K Pa3IHMYHBIM
BHJIaM TJIAJIKOCTH, HATIPAMED, 711 0003HAUYCHHS YCPETHEHHOM TIIaIKOCTH W B3BEIICHHON TIagkocTH. Mx
MOXKHO HCITOJIb30BaTh B Pa3IMYHBIX HCCIENOBAHMIX MPHUOIIKEHHBIX CBOWUCTB mpoctpanctB MKD, B
MHOTOCETOYHBIX METO/IaX W MPH pa3pabOTKe BEHBIET-Pa3IOKECHHS.

Dem’yanovich, Yu.K., Miroshnichenko, I.D., Musafarova, E.F. On splines’ smoothness (2019) WSEAS
Transactions on Mathematics, 18, pp. 129-136. ITutuposano 4 pas.

OPTAHU3AIINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHME: The aim of this article is to discuss the generalized smoothness for the splines
on g-covered manifold, where q is the natural number. By using mentioned smoothness it is possible to
consider the different types of smoothness, for example, the integral smoothness, the weight smoothness,
the derivatives smoothness, etc. We find the necessary and sufficient conditions for calculation of basic
splines with a’priori prescribed smoothness. The mentioned smoothness may contain no more than q
(locally formulated) linearly independentconditions. If the number of the conditions is exactly g, then the
discussed spline spaces on the embedded grids are also embedded.
Lenpto maHHOW CTaThU SBISAETCS OOCYKIeHHWE OOOOMIEHHOM TIaJAKOCTH CIUTAMHOB Ha (-KPaTHOM
IIOKPBITUH MHOF006paSI/I${, ra€ q - HaTypaJbHOC YMCIIO. I/ICHOHLSYS[ YKa3aHHYIO TJIaAKOCTb, MOYKHO
YUUTBIBATD PA3JIMYHBIC THUIBI I'IAAKOCTH, HAIIPUMEP, UHTCTPAJIBHYIO TJIAAKOCTb, BECOBYIO IJIaJKOCTh,
TJIIaAKOCTb MPOU3BOAHBIX U T. I[ Mel Haxoaum H€06XOI[I/IMLIC " OOCTATOYHLIC YCJIOBUS HJIS1 BBIYHCICHUA
0a30BLIX CIUIAHHOB C 3apaHee 3a,[[aHH01>i TJ1aAKOCTBIO. . VYkazanHas TJIIaAKOCThL MOXKET COACPIKATH HE
Oosiee q (JIoKabHO CHOPMYNHMPOBAHHBIX) JTMHEHHO HE3aBUCHUMBIX yciioBui. Ecnu xonmyecTBo yciioBui
POBHO (, TO OOCyXJaeMble IMPOCTPAHCTBA CIUIAHHOB Ha BJIOKCHHBIX CETKaX TAKKE OKa3bIBAIOTCS
BIIOJKCHHBIMMU.

Dem’yanovich, Y .K., Prozorova, E.V. Smoothness of Functions in Spaces of the Finite Element Method
(2018) Journal of Mathematical Sciences (United States), 235 (3), pp. 262-274. Ilutuposan(sr) 1 pas.
DOI: 10.1007/s10958-018-4073-9

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OINIMCAHME: We find necessary and sufficient conditions for the generalized smoothness of
the coordinate functions obtained from the approximate relations. We show that for the coordinate
functions the smoothness on their supports is equivalent to that on the boundaries of supports. We obtain
conditions for the continuity of Courant type finite element approximations and conditions for the
uniqueness of a linear space of such approximations.

Hatinenpl HEoOXOAMMBIE W JIOCTATOYHBIC YCIOBUS OOOOIICHHOW TIAJAKOCTA KOOPAMHATHBIX (DYHKITHIHA,
MOoJIydJacMbIX M3 alIPOKCUMAIIMOHHBIX COOTHOIIIEHUI. HOK333H0, 4YTO I KOOpAWHATHBIX (I)yHKL[I/Iﬁ
TJIIaAKOCThL Ha MX HOCUTECIIAX 3KBHBAJICHTHA TIAAKOCTU Ha TIpaHUIAX HOCHUTEIICH. HOHy‘lCHI:.I yCJ10BUA



HENPEPbIBHOCTH KOHEYHO-3JIEMEHTHBIX NpUOMKeHnd Tuna KypaHta W yclnoBHsS €IMHCTBEHHOCTHU
JMHEHHOTO MPOCTPAHCTBA TAKUX MPUOIMKEHHH.

Dem'Yanovich, Y.K., Belyakova, O.V., Le, B.T.N. Uniqueness of Space of Hermite Type Splines (2018)
Proceedings - 2018 International Conference on Applied Mathematics and Computational Science,

ICAMCS.NET 2018, «crates N2 8955759, pp. 178-183. IlutupoBano 2 pa3. DOL:
10.1109/ICAMCS.NET46018.2018.00037

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OIIMCAHMUE: The smoothness of functions is quite essential in applications. This
smoothness can be used in functional calculations, in the construction of the finite element method, in the
approximation of those or other numerical data, etc. The interest in smooth approximate spaces is
supported by the desire to have a coincidence of smoothness of exact and approximate solutions. A lot of
papers have been devoted to this problem. The continuity of the function at a point means equality of the
limits on the right and left; generalization of this situation is the equality of values of two linear
functionals (at the prescribed function) with supports located on opposite sides of the mentioned point.
Such generalization allows us to introduce the concept of generalized smoothness, which gives the ability
to cover various cases of singular behavior functions at some point. The generalized smoothness is called
pseudo-smoothness, although, of course, we can talk about the different types of pseudo-smoothness
depending on the selected functionals mentioned above. Splines are often used for processing numerical
information flows; a lot of scientific papers are devoted to these investigations. Sometimes spline
treatment implies to the filtration of the mentioned flows or to their wavelet decomposition. Often a
discrete flow appears as a result of analog signal sampling, representing the values of a function, and in
this case, the splines of Lagrange type are used. In some cases, there are two interconnected analog
signals, one of which represents the values of some function, and the second one represents the values of
its derivative. In this case, it is convenient to use splines of the Hermite type of the first height for
processing. In all cases, it is highly desirable that the generalized smoothness of the resulting spline
coincides with the generalized smoothness of original signal. The concepts, which are introduced in this
paper, and the theorems, which are proved here, allow to achieve this result. The paper discusses the
existence and uniqueness of spline spaces of the Hermite type of the first height (under condition of fixing
the spline grid and the type of generalized smoothness). The purpose of this paper is to prove the
uniqueness of the Hermite type spline space of the first height (not necessarily polynomial) having the
maximum pseudosmoothness. In this paper we use the necessary and sufficient criterion of the pseudo-
smoothness obtained earlier.

B mpmioxeHusX odeHb BaKHA TIAAKOCTh (DYHKIHNA. DTa TIATKOCTh MOXKET OBITh HCIIOJIb30BaHA B
(I)YHKI_II/IOHaJ'IBHBIX pacu€rax, nmpu IIOCTPOCHUN METOAAa KOHCYHBIX 3JIEMCHTOB, IIPHU allllpOKCUMAIMU TEX
HJIN HHBIX YHUCJIOBBIX JAaHHBIX W T. I[ HHTGpGC K TJIaaKum HpI/I6J'II/I)I(eHHLIM IpoCTpaHCTBaM
MOAKPCIIACTCA KCJIAaHUCM HUMCTL COBHAJACHUC TJIAAKOCTH TOYHBIX H HpI/I6J'H/I>KeHHLIX peH.IeHPIfI. Ortou
np06neMe IIOCBAIICHO MHOI'O pa60T. HerepI:IBHOCTI: q)yHKLII/II/I B TOYKC O3HA4YaCT PaBCHCTBO
MpeeNbHbIX 3HAaUYCHUU ClpaBa U CJEBA; O0001EeHNEM ATOM CUTyallUM SIBJISETCS PAaBEHCTBO 3HAYECHUM
IBYX JTHHEHHBIX (QYHKIIMOHAJOB (HA 33JaHHON (QYHKIMH) C HOCHUTEISIMH, PACTIONIOKEHHBIMU IO pa3HbIC
CTOPOHBI OT YKa3aHHOUM Touku. Takoe 00001eHnEe TTO3BOMIICT BBECTH MOHATHE 000OIIEHHOHN TIaaKOCTH,
KOTOPOE€ MaeT BO3MOXXHOCTh OXBAaTHUTh PAa3IMYHBIC CIIy9aW CHHTYJSIPHOTO TOBEACHHUS (QYHKIWA B
HekoTopoir Touke. OOOOIIEHHAs TIaAKOCTh HAa3bIBACTCS IICEBAOTIIANKOCTBIO, XOTS, KOHEYHO, MOXKHO
TOBOPUTHL O PA3JIMYHBIX THUIIAX ICEBAOIIAAKOCTH B 3aBHUCUMOCTU OT BLI6paHHI>IX (1)yHKLII/IOHaJ'IOB,
YIOOMSHYTBIX BBIIIC. CronaiHpl 49acTo HCIIOJIB3YIOTCA I 06pa6OTKI/I YUCJIOBBIX I/IH(l)OpMaI_[I/IOHHBIX
IIOTOKOB, OTHM HUCCIICAOBAHUAM IIOCBAILICHO MHOXCCTBO HAYUYHBIX pa60T. I/IHOFZ[a CHHaﬁH-O6pa6OTKa
mojipa3yMeBaeT (prIbTPAIlMI0 YIOMSIHYTBHIX TOTOKOB WJIM MX BEUBIET-pa3iiokeHue. YacTo ITUCKPETHBIM
IOTOK IOABJIACTCA B PE3IYJIBTATC AUCKPETHU3AllMW AHAJIOTOBOI'O CUrHaja, MpEeACTaBIAIOUICTO 3HAYCHHA
(YHKIIMH, U B 3TOM ClIy4ae HCIOJB3YIOTCS CIUlaiHbl Tuna Jlarpamxka. B HEKOTOPBIX cilydasx ecTh /Ba
B3aMMOCBA3AaHHBLIX aHAJIOIOBBIX CUTHAJIA, OOWH U3 KOTOPBIX IMMPEACTABIACT 3SHAUCHUA HCKOTOpOﬁ Q)YHKI_II/II/I,



a BTOpPOH TMpeACTaBIseT 3HAYCHHUS €€ NPOu3BOAHOH. B a3ToM ciywae s oOpaboTku ymoOHO
WCITIOJIb30BaTh CIUIAHHBI THITA DPMHUTA MEPBOM BBICOTHI. BO Bcex cilydasx OYEHb JKENaTelIbHO, YTOOBI
0000IIIeHHAs TJIAJKOCTh PE3YJIbTUPYIONIETO CIUIaliHa coBMajana ¢ 000OIICHHON IIaKOCThI0 UCXOIHOTO
curHana. IIoHATHSA, KOTOphIE BBOJSTCS B JTOH CTaThe, U TEOPEMBI, KOTOpHIC 3[ECh TOKA3BIBAIOTCS,
MO3BOJIAIOT JIOCTHYhL 3TOr0 pe3yjbTara. B craThe 0O0CYXKIAeTCS CYIIECTBOBAaHHWE W €AMHCTBEHHOCTH
CIUTAWH-TIPOCTPAHCTB THIMA OPMHTA MEPBOW BBICOTHI (IPW YCIOBHHU (PUKCALMU CIUIAH-CETKH W THIIA
o0oOmenHoit rmamkoctn). lleapfo maHHOW cCTaThM SABISETCS JOKa3aTeIbCTBO €IWHCTBEHHOCTH
CIUTAHHOBOTO TIPOCTPAHCTBA THIIA JPMUTA IEPBOH BBICOTHI (HE O0M3aTENFHO TOJMHOMHAIBHOTO),
MMEIOIIET0 MaKCHMANBHYIO TICEBIOTIIAKOCTh. B MaHHOW cTaThe MBI HCIONB3yeM HEOOXOAMMBIN u
JIOCTAaTOYHBIA KPUTEPHM MCEBAOIIIAIKOCTH, MOTYUYEHHBIH paHee.

Demyanovich, Y.K. Smoothness of Spaces in Finite Element Methods (2018) Proceedings - 2018 5th
International Conference on Mathematics and Computers in Sciences and Industry, MCSI 2018, craTbs

Ne 8769795, pp. 24-28. DOI: 10.1109/MCSI.2018.00015

OPTAHU3AIINU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHUE: The smoothness of functions is absolutely essential in the case of space of
functions in finite element method (FEM): incompatible FEM slowly converges and has evaluations in
nonstandard metrics. Interest in smooth approximate spaces is supported by the desire to have a
coincidence of smoothness of exact solution and approximate one. The construction of smooth
approximating spaces is the main problem of the finite element method. A lot of papers have been
devoted to this problem. The aim of the paper is the obtaining of the necessary and sufficient conditions
for the smoothness of coordinate functions provided that the last ones are received by approximate
relations which are a generalization of Strang-Michlin's conditions. The relations mentioned above
discussed on cell decomposition of differentiable manifold. The smoothness of coordinate functions
inside of cells coincides with the smoothness of generating vector function of the right side of
approximate relations so that the main question is the smoothness of transition through the boundary of
adjacent cells. The smoothness in this case is the equality of values of functionals with supports in the
adjacent cells. The obtained results give opportunity to verify the smoothness on the boundary of support
of basic functions and after that to assert that basic functions are smooth on the whole. In conclusion it is
possible to say that this paper discusses the smoothness as the general case of equality of linear
functionals with supports in adjacent cells of differentiable manifold. The result may be applied to
different sorts of smoothness, for example, to mean smoothness and to weight smoothness.
Iankocts QyHKIUI a0COMOTHO HEOOX0oAMMA B Cllydae MPOCTPAHCTBA (QYHKIMH B METO/AE KOHEYHBIX
anemeHToB (MKD): HekoHpopmubie MKD MemneHHO CXOAWTCS W MMEET OIECHKH B HECTAaHIAPTHBIX
MmeTpukax. UHTepec K riaaJkuM anmpoCHMAIMOHHBIM MPOCTPAHCTBAM MOJIEPKUBAECTCS CTPEMIIEHUEM K
COBIIAACHUIO TJIIaAKOCTHU TOYHOTO u HpI/I6J'II/I)I(€HHOFO PEUICHUA. HOCTpOSHI/IC TJIIaJKUX
AMIMPOKCUMUPYIOIIHUX HTPOCTPAHCTB - OCHOBHAA np06neMa METOJa KOHCYHBIX 3JICMCHTOB. Oroit np06neMe
IIOCBAIIICHO MHOI'O pa60T. I_ICJ'ILIO CTaTbH SBJIACTCA IMOJYUYCHHUC HeO6XO,Z[I/IMBIX U JOCTATOYHBIX yCJ'IOBHfI
TJIIaAKOCTU KOOPAWHATHBIX (l)yHKI_II/Iﬁ nopu yCJIOBUH, YTO HOCJICAHUC 3aJar0TCA allpOCUMAIIMOHHBIMU
COOTHOIICHUSAMH, SIBIAIOUIMMUCS 0000meHneM ycnosuii CtpeHra-Muxnuna. BelmeynoMsHyThie
COOTHOIICHHUS OOCYXJalNCh Ha KICTOYHOW JIEKOMIO3UIUHU uddepeHpyeMoro MHOTO0Opasusl.
I'maaxocTs KOOpAWHATHBIX (YHKIMHA BHYTPH SY€EK COBMAAAET C TIAIKOCTHIO TPOM3BOJAIICH BEKTOP-
(hyHKIMH TIpaBO¥ YacTH amPOKCHMAITMOHHBIX COOTHOIICHHUH, TaK YTO TJIaBHBIM BOIPOC 3aKIIOYACTCS B
IJIaBHOCTHU MEPEXOaa 4YEPE3 I'paHUIly COCCOHUX SYCCK. FJ’IEI,Z[KOCTL B JJaHHOM CJIy4ya€ - 3TO pPaBE€HCTBO
3HAUYEHUN (I)yHKLII/IOHaJ'IOB C HOCHUTCIISIMU B COCCIHHUX sTUerKax. HOJ’Iy‘IGHHHe pPe3yabTaThl HAKOT
BO3MOKHOCTb HNPOBCPUTH TIJIAAKOCTb Ha TIpPaHULC HOCHUTCIIA 0a3UCHBIX (l)yHKLII/If/'I Hn IIOCJIE JOTOIO
YTBCPXKAAThb, 4YTO 0a30BEIE (I)yHKIII/II/I B IICJIOM TJIaJAKHUC. B 3akmrodyeHue MOKHO CKa3aTb, 4TO B I[aHHOﬁ
CTaThe TIAJKOCTh paccMaTpUBaeTCs KakK oOOIIMI ciydall paBeHCTBA JHMHEHHBIX (QYHKIHMOHAIOB C
HOCHUTENISIMH B COCEIHUX s4elKax IuddepeHnupyeMoro MHOrooOpasus. Pesymbrar MoeT OBITH



MMPUMCHCH K PAa3JIMYHbIM BUJAM INIaAKOCTHU, HAIPUMEDP, NI preHHeHHOﬁ TITagKOCTH U JJIsA B3BCIICHHOMN
TITagKOCTH.

Dem’yanovich, Y.K., Degtyarev, V.G., Lebedinskaya, N.A. Adaptive Wavelet Decomposition of Matrix
Flows (2018) Journal of Mathematical Sciences (United States), 232 (6), pp. 816-829. DOI:
10.1007/s10958-018-3911-0

OPTAHU3AIIMUU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OITMCAHME: Adaptive algorithms for constructing spline-wavelet decompositions of matrix
flows from a linear space of matrices over a normed field are presented. The algorithms suggested
provides for an a priori prescribed estimate of the deviation of the basic flow from the initial one.
Comparative bounds of the volumes of data in the basic flow for various irregularity characteristics of the
initial flow are obtained in the cases of pseudo-equidistant and adaptive grids. Limit characteristics of the
above-mentioned volumes are given in the cases where the initial flow is generated by differentiable
functions.

Hpe,HCTaBJ'ICHLI AOanTAUBHBIEC aJITOPUTMBbI ITOCTPOCHU CIUTaliH-BEUBIIETHBIX pa3J’I0)KCHPII>i MaTpUYIHBbIX
IOTOKOB C DJIEMEHTaM M3 JIMHEHHOIrO OpoCTpaHCTBa MATpULl HaJd HOPMUPOBAHHBIM IIOJICM.
Hpezmo;erHLIe AJITOPUTMBI 00ecIIeunBaroT 3apaHeC 3alTaHHYI0 OLICHKY OTKJIOHCHHA OCHOBHOTO ITOTOKa
OT Ha4YaJIbHOI'O. HOJ’Iy‘{CHI)I CpPaBHUTCIIbHBIC OLICHKHN 00BEMOB JaHHbIX B 0a30BOM IIOTOKE JUIA PA3JIMYHBIX
XapaKTCPUCTUK HEPETYIAPHOCTU UCXOJHOTO IMMOTOKA AJId CIIy4acB MICEBJOOKBUANCTAHTHBIX U aJalITUBHBIX
CCTOK. HpI/IBe}leHH NPpEACTIbHBIC XAPAKTCPUCTUKU YKa3aHHBIX 00BEMOB B ClIydasx, Koraa HavyaJILHBIN
MOTOK MopoxaaeTcst AuddepeHupyeMbIMUA QYHKIHSIMH.

Dem’yanovich, Y.K., Ivantsova, O.N., Ponomareva, A.Y. Integer Realization of Spline-Wavelet
Decomposition (2018) Journal of Mathematical Sciences (United States), 228 (6), pp. 639-654. DOI:
10.1007/s10958-017-3652-5

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHUE: We consider integer spline-wavelet algorithms for processing digital flows.
We obtain integer variants of the decomposition and reconstruction formulas and give an example
demonstrating the practical realizability of the proposed algorithms.

PaccMoTpeHBI 1IeNOYHCIeHHBIE CIUIAH-BEWBIIETHBIE aTOPUTMBI  00paOOTKH HH(PPOBBIX ITOTOKOB.
[omrydeHs! neIo4YCIIeHHBIE BAPUAHTHI (DOPMYIT IEKOMITO3UIIUN M PEKOHCTPYKIIMH W TIPUBENIEH TpUMeEp,
Z[eMOHCTpI/IPYIOH_II/Iﬁ MPAKTHUYCCKYIO pCain3yEeMOCTh NPCATIOKCHHBIX aJITOPUTMOB.

Dem’Yanovich, Y .K., Belyakova, O.V., Le, B.T.N. Generalized smoothness of the Hermite type splines
(2018) WSEAS Transactions on Mathematics, 17, pp. 359-368. IlutmpoBano 5 pas.
OPTAHU3AIIUU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OIIMCAHUME: The smoothness of functions is quite essential in applications. This
smoothness can be used in functional calculations, in the construction of the finite element method, in the
approximation of those or other numerical data, etc. The interest in smooth approximate spaces is
supported by the desire to have a coincidence of smoothness of exact and approximate solutions. A lot of
papers have been devoted to this problem. The continuity of the function at a point means equality of the
limits on the right and left; the generalization of this situation is the equality of values of two linear
functionals (at the prescribed function) with supports located on opposite sides of the mentioned point.
Such generalization allows us to introduce the concept of generalized smoothness, which gives the ability
to cover various cases of singular behavior functions at some point. The generalized smoothness is called
pseudo-smoothness, although, of course, we can talk about the different types of pseudo-smoothness
depending on the selected functionals mentioned above. Splines are often used for processing numerical
information flows; a lot of scientific papers are devoted to these investigations. Sometimes spline



treatment implies to the filtration of the mentioned flows or to their wavelet decomposition. A discrete
flow often appears as a result of analog signal sampling, representing the values of a function, and in this
case, the splines of the Lagrange type are used. In some cases, there are two interconnected analog signals,
one of which represents the values of some function, and the second one represents the values of its
derivative. In this case, it is convenient to use the splines of the Hermite type of the first height for
processing. In all cases, it is highly desirable that the generalized smoothness of the resulting spline
coincides with the generalized smoothness of the original signal. The concepts, which are introduced in
this paper, and the theorems, which are proved here, allow us to achieve this result. The paper discusses
the existence and uniqueness of spline spaces of the Hermite type of the first height (under condition of
fixing the spline grid and the type of generalized smoothness). The purpose of this paper is to discuss
generalized smoothness of the Hermite type spline space (not necessarily polynomial). In this paper we
use the necessary and sufficient criterion of the generalized smoothness obtained earlier.
B npunoxeHusx odeHb BaKHA TJAAKOCTh (YHKIMA. DTa TIaJKOCTh MOXET OBITh HCIIONb30BaHA B
(bYHKHI/IOHaJIBHBIX pacueTax, mpu IMOCTPOCHNN METOAAa KOHCYHBIX 3JIEMCHTOB, IIPU allIPOKCUMAIMU TEX
WX HWHBIX YHCIOBBIX HTaHHBIX W T.[O. I/IHTepec K TIJIaaKum HpI/I6J'II/I)KeHHI>IM IIpOoCTpaHCTBaM
MOAKPEIIACTCA XKEIAHUEM HUMETH COBNAACHHUE TJIAJIKOCTH TOYHBIX U HpI/I6J'H/I)K6HHI>IX peH.IGHPIﬁ. Orton
npobieMe NOoCBsIIeHO MHOTO paboT. HenmpepbIBHOCTD (YyHKIIMHM B TOUKE O3HAYaeT PABEHCTBO IIPEIICIIOB
ClipaBa " CJICBA. O606IJ_I€HI/ICM 9TON CUTyalluu SBJEICTCA PABCHCTBO 3HAYCHUU ABYX JIMHEUHBIX
($yHKUMOHANOB (TIpH 3aJaHHON (QYHKIMH) C HOCHTEISIMH, PACTIONOXEHHBIMH IO pa3Hble CTOPOHBI OT
yKa3aHHOW ToukH. Takoe 0000IeHHEe MO3BOJISIET HaM BBECTH MOHITHE 0000IIEHHON IIAJKOCTH, KOTOPOE
JlaeT BO3MOXKHOCTh OXBAaTUTh PAa3JIMUHBIC CITyYal CUHTYJSIPHOTO MTOBeACHUS QYHKIMN B HEKOTOPOI TOUKe.
O06o001meHHas ITaIKOCTh HA3bIBACTCS IICEBIOTIIAIKOCTHIO, XOTS, KOHEYHO, MOKHO TOBOPUTH O Pa3IMIHBIX
THUIIaX IICEBAOTIIAAKOCTH B 3aBUCUMOCTH OT BLI6paHHLIX (bYHKI_II/IOHaHOB, YIIOMSAHYTBIX BBIIIE. CruiaiHbl
JaCTO HUCIIOJIb3YHOTCA IJIsL O6pa6OTKI/I YUCJIOBBIX I/IH(bOpMaI_II/IOHHBIX IIOTOKOB, OTUM HUCCJICA0OBAHUAM
MTOCBSIIIIEHO MHOXECTBO Hay4yHBIX paboT. MHorma crumaiiH-o0pa®oTka moapasymeBaeT (QHIBTPAIUIO
YIOOMSAHYTBIX TOTOKOB HUJIU UX BeleJIeT-pa3JIO)KeHI/IC. I[I/ICerTHLIfI IMMOTOK 4YaCTO MOABJIACTCA B pE3YyJIbTATEC
AUCKPETU3AlIMH AaHAJIOTOBOr'0 CHUTrHalla, IMMPCACTABJIAIOMICTO 3HAYCHHUA (byHKL[I/II/I, U B 3TOM ClJiy4dae
HUCTIONIB3YIOTCS crlaiiHbl Tuna Jlarpanka. B HEKOTOpBIX clydyasix €CTh JBa B3aMMOCBS3aHHBIX
AHAJOTOBBIX CHWTHAJA, OAWH M3 KOTOPBIX MPEACTABISAET 3HAYEHUS HEKOTOPOW (YHKIHH, a BTOPOI
TIpEACTABISICT 3HAYCHHWS €¢ IPOM3BOMHON. B sTOoM cimydae mns oOpabOTKm yIOOHO HCIIOJIB30BAThH
CITAHBI THIA DpMHTa TEPBOUM BBICOTHI. BO BceX ciaydasx OYEHH JKeIaTelbHO, YTOOBI 0000IIeHHAS
TIIagKOCTh PE3YJIbTUPYIOIIETO cIIaHa COBIIagajla C O606H_ICHHOI71 TJIaAKOCTBKO HMCXOJHOI'O CHUIHaJia.
HOHSITI/ISI, KOTOPBIC BBOIATCA B 3TOH CTaTbC, U TCOPEMBbI, KOTOPLIC 3/1CCh NOKA3bIBAIOTCA, MMO3BOJISIIOT HAM
AOCTUYL J3TOro pe3yJibTaTta. B cratne 06cy>Kz[aeTc;1 CYHICCTBOBAHNUC U CAWHCTBCHHOCTDL CIIJIafH-
MPOCTPAHCTB THIAa DPMHUTA EPBON BBICOTHI (TIPU YCIOBHU (DMKCALIUH CIIIaiH-CETKU U THIa 0000IeHHON
rmaakoctr). Llenpto JgaHHOW CTaThU  SIBISICTCS OOCYXKIEHHWE OOOOLICHHOW TIJIAJKOCTH CIUIaiH-
MPOCTpaHCTBA TUNAa DpMuTa (He 00s3aTENFHO TOJIMHOMHUAIILHOTO). B MaHHOHM cTaTbe MBI HCHOJIB3yeM
HEOOXOAMMBIN U JOCTATOYHBIN KpUTepHit 0000IEHHON IITaIKOCTH, TIOTyICHHEIN paHee.

Dem’Yanovich, Y.K., Evdokimova, T.O., Prozorova, E.V. On general smoothness of minimal splines of
the Lagrange type (2018) WSEAS Transactions on Mathematics, 17, pp. 304-310. IlutupoBano 3 pas.
OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHHUE: In many cases the smoothness of splines is important (for qualitative
approximation, for the calculation of a number of functionals, etc.). In the case of discontinuity of
approximated functions it is difficult to use ordinary splines. It is desirable to have splines with similar
properties of the approximated function. The purpose of this paper is to introduce the concept of general
smoothness with the aid of linear functionals having a definite location of supports. Splines are often used
for processing numerical information flows; a lot of scientific papers are devoted to these investigations.
Sometimes spline treatment implies to the filtration of the mentioned flows or to their wavelet
decomposition. A discrete flow often appears as a result of analog signal sampling, representing the



values of a function, and in this case, the splines of the Lagrange type are used. In all cases, it is highly
desirable that the generalized smoothness of the resulting spline coincides with the generalized
smoothness of the original signal. Here we formulate the necessary and sufficient conditions for general
smoothness of splines, and also a toolkit is being developed to build mentioned splines. The proposed
scheme allows us to consider splines generated by functions from different spaces and to apply the
obtained result to sources which can appear in physics, chemistry, biology, etc.

Bo mHOTHX ClIy4dasax BaKHa I'IaAKOCThb CILJIAifHOB (,I[J'IH KadeCTBESHHOM aIrmpoKCUuMaluu, it BBIYUCIICHUSA
psAaa QYHKIMOHAIOB WM T. X.). B ciydae paspbiBa anmmpoOKCHUMHUPYEMBIX (GYHKIHH WCIOIB30BaHIE
OOBIYHBIX CIUIAHHOB 3aTPYAHUTCIIBHO. KenatenapHo MMETH CIDIAWHBI C aHAJOTMYHBIMHA CBOMCTBAMHU
annpoxkcumupyeMoii ¢yHkuuu. Llenap maHHOW cTaThM - BBECTH MOHATHE OOLICH INIAAKOCTH C MOMOIIBIO
JUHEWHBIX (YHKIMOHAIOB, WMEIOUIMX OIpelleieHHOe pacioiiokeHne Hocutenei. CrulaiiHbl 9acTto
WCHOJB3YIOTCS JUIS  OOpaOOTKM UYHCIOBBIX HMH(OPMALIMOHHBIX TOTOKOB, OTHM HCCIEI0BaHUSIM
MOCBSIIIICHO MHOXKECTBO HaydHbIX pabor. MHorma cruiaitH-oOpa®oTka Mojpa3yMeBaeT (QHIBTPAIIHIO
YOOMAHYTBIX ITOTOKOB WJIN UX BCfIBHGT-p&‘a.HO)KCHHC. HHCerTHBIfI ITOTOK YacCTO IOABJIACTCA B pE3YJIBTATE
OUCKPETU3AIlM aHAJIOTOBOI'0 CHUrHalla, MPEACTABIAIOIICTO 3HAYCHHA (byHKI_II/II/I, U B OTOM Cliy4daec
HCIIOJIB3YHOTCS CIUIalHEI THIIA J'Iarpacha. Bo Bcex ClIydyadX O4YC€Hb KEJIATCJIBHO, 4TOOBI 06061HCHHa$I
TJIIaAKOCTh PE3YJIbTUPYIOLICTO cIutaiiHa COBIIagaja C 0606HICHHOﬁ TIaJKOCThIO HCXOJHOI'0 CHIHaJia.
3neck Mbl popMmynupyeM HEOOXOIAMMBIE M JIOCTATOYHBIC YCIIOBHS O0OOIIEHHON TIIAJKOCTH CIUIAHHOB, a
TaK¥Ke pa3pa6aTLIBaeM I/IHCprMCHTapI/Iﬁ IUIA TIOCTPOCHUSA YIIOMAHYTBIX CILJIAliHOB. Hpe,uﬂaraeMaﬂ cXeMa
MO3BOJISIET pacCMaTPUBATh CIUIAWHBI, MOPOXKACHHBIE QYHKIUSAMHI U3 pa3HBIX MPOCTPAHCTB, U MPUMEHSTH
MOJTYYCHHBIN pe3yNbTaT K HCTOYHUKAM, KOTOPBIE MOTYT TIOSIBUTHCS B (PU3HKE, XUMHH, OUOJIOTHH H T.II.

Dem’Yanovich, Y.K. General flows and their adaptive decompositions (2018) WSEAS Transactions on
Mathematics, 17, pp. 28-34. [{utupoBano 9 pas.

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHMUE: Adaptive algorithms of spline-wavelet decomposition in a linear space over
metrized field are proposed. The algorithms provide a priori given estimate of the deviation of the main
flow from the initial one. Comparative estimates of data of the main flow under different characteristics
of the irregularity of the initial flow are done. The limiting characteristics of data, when the initial flow is
generated by abstract differentiable functions, are discussed.

HpezmaranTCﬂ AJIalITUBHBIC AJITOPUTMBI CIUIafiH-BEUBIETHOTO Ppas3yioKEHUA B JIMHEHOM IIPOCTPAHCTBE
Haa MCTPHU30BAHHBIM ITIOJICM. AJ'IFOpI/ITMLI JAal0T allpuOpHO 3aJaHHYHO OLICHKY OTKJIIOHCHHA OCHOBHOI'O
II0TOKa OT HMCXOAHOIO. CI[GJ'IaHBI CPaBHUTCJIbHBIC OLICHKHW JAHHBIX OCHOBHOI'O IIOTOKAa IPU Pa3JIAYHBIX
XapaKTCPUCTUKAX HCPABHOMCPHOCTU HAYAJIBHOI'O ITOTOKA. O6Cy)KILaIOTCH MMpCACIbHBIC XapaKTCPHUCTUKU
JaHHBIX, KOTJ]a Ha4aJIbHBIHA TTOTOK TeHepupyeTcs AupPepeHIIIPYEMbIMA a0CTPAKTHBIMU (DYHKIMSIMHU.

Dem’yanovich, Y.K. On embedding and extended smoothness of spline spaces (2017) Far East Journal of
Mathematical Sciences, 102 (9), pp. 2025-2052. ITutuposano 11 pa3. DOI: 10.17654/MS102092025
OPI'’AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHME: This paper introduces the notion of extended smoothness (which includes
usual smoothness), constructs extended smooth splines, defines the necessary and sufficient conditions
for uniqueness and the embedding of the spline spaces pointed out. Extended smoothness, introduced here,
also considers irregular splines. As an application of the mentioned results, the necessary and sufficient
conditions for the embedding of spline spaces are obtained under given condition of maximum
smoothness (in the usual sense) for minimal B¢ -splines of mth order. Here two sorts of spline spaces of
the first order with irregular generating functions are also analyzed.

B crathe BBOmUTCS MOHATHE O0OOIECHHON TTMAIKOCTH (BKIIOYAOIICH OOBIYHYIO TIIAJIKOCTB), CTPOSTCS
0606H_IGHHO TJ1aaKue CHHaﬁHBI, OIpeACTIAOTCA H606XO,Z[I/IMLIG " JOCTATOYHBIC YCIIOBHUA CANMHCTBCHHOCTH
1 BJIOKCHUSA YKAa3aHHBIX ITPOCTPAHCTB CIUIAMHOB. O606HI€HH351 TJIaAKOCTh, MPEACTAaBJICHHAA 31€Ch, TAKIKC



YUUTBIBAET HEpETyJpHbIE CIUIAlHBL. B KadecTBe NPUWIOKEHHS YINOMSHYTBHIX pPE3yJIbTaTOB IOMY4YEHBI
HEOOXOIUMBIE U JIOCTATOYHBIC YCJIOBHS BJIOXKEHHS CIUIAHHOBBIX HMPOCTPAHCTB MPU 3aJaHHOM YCIIOBUHU
MaKCUMaJIbHOM TTIaIKOCTH (B OOBIYHOM CMBICJIE) B Cllydyae MHHUMAIbHBIX B¢ -crmaiiHoB m-ro mopsaxa.
3/1ech TakXke aHaJM3UPYIOTCS J1Ba BHJA CIIAHOBBIX MPOCTPAHCTB MEPBOTO MOPSAIKA C HEPETYJIIPHBIMU
MPOU3BOISIIUME (DYHKIASIMHU.

Dem’yanovich, Y .K., Kovtunenko, E.S., Safonova, T.A. Existence and uniqueness of spaces of splines of
maximal pseudosmoothness (2017) Journal of Mathematical Sciences (United States), 224 (5), pp. 647-
660. LHutuposano 7 pa3. DOL: 10.1007/s10958-017-3441-1

OPI'AHU3AIIMMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation u apyrue.

KPATKOE OIMMCAHME: We consider gradation of pseudosmoothness of (in general, nonpolynomial)
splines and find conditions under which the space of splines of maximal pseudosmoothness is unique on a
given grid, possesses the embedding property on embedded grids, and satisfies the approximation
relations. The proposed general scheme can be applied to splines generated by functions in spaces of
integrable functions and in Sobolev spaces. The results are illustrated by some examples.

PaCCMOTpeHa Trpaganys 1nCeBAOrIaAKOCTU (BOO6H_IC roBopH, HeHOJ'H/IHOMI/IaJ'IBHLIX) CIUIAHOB U HafIZ[eHI:I
YCIIOBHSI, IIPU KOTOPBIX IMPOCTPAHCTBO CIUIAMHOB MAaKCUMAJbHOW IICEBAOIVIAJIKOCTH E€JUHCTBEHHO HA
3aJJaHHOM CeTKe, OO0JIajacT CBOWCTBOM BJIOXKCHHOCTHM Ha BJIOXKCHHBIX CETKaX M YJIOBJICTBOPSET
AIMPOKCUMAIITUOHHBIM COOTHOIICHUSAM. HpennomeHHa;I 061113;[ cxemMa MOXKET GLITL IIpUMCHCHA K
CIUTalfHaM, MOPOXKJIECHHBIM (YHKIHMSMH W3 MPOCTPAHCTB MHTETPUPYEMBIX (YHKIHMA W W3 MPOCTPAHCTB
Cobonesa. Pe3yapTaThl IPOMILTIOCTPUPOBAHBI HEKOTOPBIMH IIPUMEPAMHU.

Dem’yanovich, Y.K., Ponomarev, A.S. Realization of the spline-wavelet decomposition of the first order
(2017) Journal of Mathematical Sciences (United States), 224 (6), pp. 833-860. [{utuposano 6 pa3. DOI:
10.1007/s10958-017-3454-9

OPI'AHU3AIIMU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OITMCAHMUE: The aim of the paper is to present an orthogonal basis for the discrete wavelets
in the general structure of the spline-wavelet decomposition. Decomposition of an original numerical flow
without embedding in the standard functional spaces is discussed. It makes it possible to concentrate on
simplification of the realization formulas: here, the simple formulas of decomposition and reconstruction
are presented, an orthogonal wavelet basis is constructed, and an illustrative example is given. Finally,
some estimates of the complexity of the method discussed for different software environments are
provided.

Lenb cTathi - mpeACTaBUTh OPTOTOHANBHBIN 0a3zuc Ui JAUCKPETHBIX BCILIECKOB B OOIIEH CTPYKType
CIIaiH-BeHBIETHOTO paznoxkeHus. OOCyKIaeTcss MEKOMITO3UIUS HCXOIHOTO YHCIIOBOTO IOTOKa 0e3
BIIOKCHHUSI B CTaHAApTHHIC (DYHKIMOHAIBHBIC IPOCTPAHCTBA. DTO TO3BOJBSIET COCPEIOTOUUTHCS Ha
yopomennd  GopMyNl  peamu3anii: 37eCh TPEACTaBICHbl IPOCTBIE (QOPMYJBI PA3NIOKEHUS U
BOCCTAaHOBJICHHUS, ITOCTPOCH OpTOFOHaHBHLIﬁ BEWBIET-0a3UC U JaH Hal“J'IH)IHBIfI OpuMEep. HaKOHGLI,
MNPUBCACHBI HCKOTOPBIC OLUCHKU CJIOKHOCTU 06cy>1<,uaeMoro METOJAa AJId PA3JIMYHBIX IPOTPAMMHBIX CPC.

Dem’yanovich, Y.K., Makarov, A.A. Necessary and sufficient nonnegativity conditions for second-order
coordinate trigonometric splines (2017) Vestnik St. Petersburg University: Mathematics, 50 (1), pp. 5-10.
Hutuposano 5 pas. DOI: 10.3103/S1063454117010034

OPTAHU3AIIUU: St. Petersburg State University, 28, Universitetskii pr., Petrodvorets, St., Petersburg,
198504, Russian Federation

KPATKOE OIIMCAHUE: Necessary and sufficient nonnegativity conditions for continuous
differentiable coordinate trigonometric splines of the second order are obtained; the convexity and
concavity intervals of these splines are determined. The method of investigation consists in recognizing
concavity in intervals adjacent to the endpoints of the support of a coordinate spline under consideration



and applying arguments related to the number of zeros of the solution of the corresponding boundary
value problem for a second-order differential equation.

HOJ‘Iy‘IeHLI HCO6XOHI/IMLI€ n JOCTaTOYHBIC yCJI0OBUA HEOTpHULIATCIbHOCTU HCIIPCPBIBHBIX
nuddepeHInpyeMbIX KOOPANHATHBIX TPUTOHOMETPHUESCKUX CIUIAHHOB BTOPOTO MOPSAKA; OMPEAEIISIOTCS
HWHTEPBAJIbl BBIITYKIIOCTU U BOTHYTOCTH 3TUX CIIJIAHOB. MeTOJI HCCIICA0OBaHUA COCTOUT B paCliO3HaBaHUKN
BOTHYTOCTH Ha HMHTCpPBajlaX, MPUMBIKAIOMINX K KOHIAM HOCHUTECIIA pacCMaTpuBa€MOI'0 KOOPAWHATHOTO
CIU1aiiHa, U B MPUMEHEHUU apryMEHTOB, CBA3AHHBIX C KOJIMYECTBOM HYJIEH pellleHHs] COOTBETCTBYIOIIEH
KpaeBoii 3amaun 11 AudGepeHImanTsHOTr0 YpaBHEHHS BTOPOTO MOPSIKA.

Burova, 1.G., Muzafarova, E.F. On the Approximation by Local Complex-Valued Splines(2018)
Proceedings - 2018 5th International Conference on Mathematics and Computers in Sciences and Industry,
MCSI 2018, cratest N2 8769767, pp. 57-62. DOI: 10.1109/MCS1.2018.00021

OPTAHU3AIIUU: St. Petersburg State University, 7/9 Universitetskaya nab., St.Petersburg, 199034,
Russian Federation

KPATKOE OIIMCAHHUE: Sometimes it is desirable to visualize complex-valued functions in polar co-
ordinates that always have difficulties. But actually it is sufficient to visualize separately the real and
imaginary parts of a complex-valued function. For a fast visualization process, local spline interpolation
of functions from two variables is the most convenient in applications and gives approximations with the
required order of accuracy. This paper deals with local complex-valued splines, constructed using tensor
product spline interpolation in a disc with a centre of zero and a radius of 1. For constructing the tensor
product we use local basis splines of a radial variable and local complex-valued basis splines of an
angular variable. For the construction of the grid we consider a number of circles in the disc of radius 1
with a center of zero, and get a number of points on the boundary of this disc, arranged from the centre to
the edge. The points at which those lines cross each circle form the grid nodes. The approximation is
constructed separately in each elementary segment, formed by two arcs and two line segments. For the
approximation of a complex-valued function we use the values of this function in several nodes near this
elementary segment and the tensor product of basis splines. The order of the approximation depends on
the splines' properties which we use in the tensor product. In this paper we use local exponential and
polynomial splines of second and third order approximation.

I/IHOF,Z[a JKCJIaTCJIIbHO BU3YyaJIM3UPOBATh KOMIIJICKCHBIC (I)YHKI_II/II/I B MMOJIAPHBIX KOOpJAWHATAX, 4YTO BCCrAa
BBI3bIBACT 3aTPYAHCHUA. Ho Ha camom ACJIC JOCTATOYHO BHU3YyalIM3UPOBATh OTACIBHO HeﬁCTBHTGHBHYIO u
MHUMYIO 4YaCTU KOMILIEKCHOM (1)yHKLII/II/I. I[J'ISI 6LICTpOFO nmponecca BU3yAJIM3allMU JIOKAJIbHAasA CILJIaliH-
WHTEpHOALUs QYHKIMH OT ABYX NEPEMEHHBIX SBISETCS HanOoiee YIOOHOW B NMPUIOKEHHSIX W JaeT
NpHONIMIKEHUST ¢ TpeOyeMbIM TMOPSAKOM TOYHOCTH. B 1aHHON cTaThe paccMaTpUBalOTCS JIOKAJTbHBIE
KOMIIJIECKCHO3HAYHbIC CHHafIHLI, IMIOCTPOCHHBIE C HCIOJb30BAHUEM CIUIAHOBOM HUHTCPIOJIAINN
TEH30pPHOTO MPOU3BEJEHUS B Kpyre ¢ LEHTPOM HyJd U paauycoM 1. [Insi mocTpoeHuss TEH30pHOTro
MIPOM3BEIEHUS HCITONIB3YIOTCS JIOKAbHbIE 0Oa3WCHBIE CIUTAHBI PaJiabHON MEPEeMEHHONW ¥ JOKaTbHBIN
KOMILJIEKCHBINA Oasuc. OIIULBI er’IOBOfI nepeMeHHoﬁ. I[J'ISI MOCTPOCHHUA CCTKU MbI pacCMAaTpHUBaACM
KOJIMYECTBO Opr)KHOCTCﬁ B Kpyre paaguyca 1c HOCHTPOM B HYJIC U MOJYyYacM KOJMYCCTBO TOYUCK Ha
TpaHUIC 3TOr0 AUCKA, PACIIOJIOXCHHBIX OT LHCHTpA K Kparo. TO‘lKI/I, B KOTOPBIX 3TU JIMHUMU IICPECCKAIOT
KaXIpIld KPYT, 00pa3yroT y3/bl CeTKH. AMMPOKCHMAIIHS CTPOUTCS OTACIBHO Ha KXKIOM 3JIEMEHTapHOM
OTpe3ke, O0Opa30BaHHOM JIBYMs JyraMd ¥ JABYMsI OTpe3kamMu TpsaMmbiX. [isi  anmpokcumanuu
KOMIUIEKCHO3HAYHON (YHKIMH HCIIOJIB3YIOTCS 3HAYEHUS ATOH (YHKIMM B HECKOJBKUX y3JaxX BONMHM3U
ATOTO DJJIEMEHTAPHOTO OTpe3ka ¥ TEH30pHOE IIPOM3BEACHHE Oa3uMCHBIX cIutaifHoOB. [lopsmok
AIIpPOKCUMAII 3aBUCUT OT CBOWCTB CHJ'I&IZHOB, KOTOPBIE MbI UCIIOJIB3YEM B TEH30PHOM IPOU3BEACHUU.
B ,Z[aHHOfI pa60Te HCIOJIB3YHOTCS JIOKAJIBHBIC DKCITIOHCHIUAJIBHBIC U TOJIMHOMUAJIBHBIC CILJIANHBI BTOpOro
1 TPETHEI'O NMOPsJAKa alllpoOKCUMaIum.

Burova, I.G., Muzafarova, E.F., Zhilin, D.E. The Approximations of Functions and Adaptive Grids
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KPATKOE OIIMCAHHUE: A visualization of real function of two variables is often technically difficult.
Visualization of complex-valued functions can be simplified by visualizing the real and imaginary parts
of these functions. To approximate fast-growing or decreasing functions, often a uniform grid of nodes is
not enough and it is necessary to use a special adaptive grid. Therefore, constructing an adaptive mesh of
nodes that takes into account the behavior of the function of several variables is of considerable interest.
In this paper, we propose one method for constructing an adaptive grid of nodes on a line. Such an
adaptive grid can be used to approximate the functions of several variables. Formulae for constructing the
adaptive grid of nodes and the results of numerical experiments are given. An approximation of real
functions of one and two variables and complex-valued functions is constructed using polynomial and
non-polynomial local splines of one variable. Approximations in a rectangular region in the plane are
constructed using the tensor product. Formulae for approximations of real and complex-valued functions
and examples of visualization of some functions are given.

Busyanuzanust peanbHOH (QYHKIMM JABYX TIEPEMEHHBIX 4YacTO OBIBA€T TEXHUYECKH CIIOXKHOM.
Busyanuzamuio KOMIUIEKCHBIX (GYHKIMA MOXHO VYIPOCTUTh, BU3YaJIM3UPOBAB JEHCTBUTEIBHYIO U
MHUMYIO 9YacTW 3TUX (QyHKUuWiA. J[1s anmpokcuMmanuu OBICTPOPACTYIMX WM YOBIBAIOMINX (YHKIUH
qaCcTO HEOOCTATOYHO C,I[I/IHOI>'I CETKH Y3JIOB U HCO6XOILI/IMO HCIIOJIB30BaTh CICIUAIBHYIO aJIalITUBHYIO
cetky. [loaTromMy mocTpoeHue aJanTUBHON CETKH Y3JI0B, YUUTHIBAIOIICH [TOBEJCHHUE (hYHKIIMH HECKOJIBKHX
MEPpEMCHHBIX, IPCACTABIISACT 3HAYNTEIIbHBII HUHTEpEC. B »sToil cTathe MBI npeainaraéM OAWH METOA
MOCTPOCHU A a}:[aHTPIBHOfI CCTKHU Y3JIOB Ha HpHMOfI. Takas aJaliTUBHasA CECTKa MOXKET HCIIOJb30BAaThHCA 1A
annpokcuManuyd (QYHKUMH HECKOJBbKMX TNepeMeHHBbIX. [lpuBeneHel QopMmynsl A1 TOCTPOEHUs
aI[aHTHBHOfI CCTKHM Y3JIOB U PE3YJIbTAThl YHMCJICHHBIX 3KCIICPUMCEHTOB. AHHpOKCI/IMaHI/IH BCIICCTBCHHBIX
(GYHKIMH ONHOW M JBYX MEPEMEHHBIX M KOMIUICKCHO3HAYHBIX (DYHKIMH CTPOUTCS C HCIOJIB30BaAHUEM
NOJIMHOMHAJILHBIX U HEITOJIMHOMUAIBHBIX JIOKAJILHEIX CIUIAMHOB 0Z[HOI7[ HepeMeHHOﬁ. AHHpOKCI/IMaHI/II/I B
MIPSIMOYTOJIEHON 00JIACTH Ha TIJIOCKOCTH CTPOSITCSI C TIOMOIIBIO TEH30PHOTO Tpon3BeneHus. [IpuBeneHbI
(dhopMyIbl s TPUOMIHKEHWH BEIIECTBEHHBIX M KOMIUIEKCHBIX (DYHKIMI M TpUMepbl BHU3yalH3aliH
HEKOTOPBIX (PYyHKITHI.

Burova, 1.G. On approximations of the sixth order with the smooth polynomial and non-polynomial
splines (2020) Proceedings - 2nd International Conference on Mathematics and Computers in Science and
Engineering, MACISE 2020, cratest N2 9195628, pp. 297-300.
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KPATKOE OITMCAHUE: This paper discusses twice continuously differentiable and three times
continuously differentiable approximations with polynomial and non-polynomial splines. To construct the
approximation, a polynomial and non-polynomial local basis of the second level and the sixth order
approximation is constructed. We call the approximation a second level approximation because it uses the
first and the second derivatives of the function. The non-polynomial approximation has the properties of
polynomial and trigonometric functions. Here we have also constructed a non-polynomial interpolating
spline which has the first, the second and the third continuous derivative. This approximation uses the
values of the function at the nodes, the values of the first derivative of the function at the nodes and the
values of the second derivative of the function at the ends of the interval [a, b]. The theorems of the
approximations are given. Numerical examples are given.

B crathe o0OcCyXmaroTcsi ABaXKAbI HENMpepbiBHO JuddepeHiupyeMble W TPUXKIBl HENPEPHIBHO
muddepeHpyemMpie TpUOIMKECHUS € TOJMHOMHAIBHBIMA U HETIONMHOMHAIBHBIMU cIutaitHamu. Jlis
MTOCTPOCHUST TPUOIMHKEHUS CTPOWUTCS TOJMHOMHANBHBIM W HEMOJMHOMHUAJIBHBIN JIOKAJIBHBINA 0asnc
BTOPOI'o YpPOBHA U HpI/IGJII/I)KCHI/IH MIeCTOro mopsAaaka. MBI Ha3BIBaEM 3TO HpI/I6JII/I)KeHI/I€ HpI/I6JII/I)K6HI/I€M



BTOPOI'O YPOBHS, IOTOMY 4YTO OHO HCIOJB3YEeT MEPBYI0 W BTOPYIO NPOU3BOAHBIC (DYHKIHH.
HenonunomuansHoe nmpuOnmkeHre o0aJaeT CBOWCTBAMHU IOJMHOMHAIBHBIX M TPUTOHOMETPHUECKHX
¢yHKUMA. 37ech MBI TaKkKe MOCTPOMIM HEMOJMHOMUAIBHBIA WHTEPIOIUPYIOIIUA CIUTaliH, KOTOPBIH
UMeEeT TMEePBYI0, BTOPYIO M TPEThIO HENPEPBIBHYIO MPOU3BOJIHYIO0. JTO MNPHONMKEHUE HCIIOIb3yeT
3HaueHUs] QYHKIMH B y3JlaX, 3HAUCHHs TEpPBOM MPOU3BOJHON (YHKIHMH B y3JlaX M 3HAYEHHUS BTOPOU
MpoM3BOAHON (YHKIIMM HAa KOHIAX WHTepBana [a, b]. IlpuBemeHb TeopeMbl 00 ammpoKCHMAaIWH.
[IpuBeaeHbI YHCIOBBIE TIPUMEPEI.

Burova, 1.G. On approximation with the continuous polynomial cubic splines (2020) Proceedings - 24th
International Conference on Circuits, Systems, Communications and Computers, CSCC 2020, ctatbs N2
9402672, pp. 126-129. DOI: 10.1109/CSCC49995.2020.00030.

OPI'AHU3AILINU: St. Petersburg State University, 7/9 Universitetskaya nab., St.Petersburg, 199034,
Russian Federation

KPATKOE OITMCAHMUE: Algorithms for the calculation of the continuous cubic polynomial splines of
the maximum defect are considered. The behavior of constants and the Lebesgue functions for cubic
polynomial splines in the case of non-uniform condensing grids are discussed. The algorithm is proposed
for constructing an irregular grid consistent. This grid provides the minimum error when the left, the right,
or the middle cubic polynomial splines.

PaCCMOTpeHBI AJITOPUTMBI pac4de€Ta HEMPEPBIBHBIX Ky6I/I‘-IeCKI/IX IIOJIMHOMHUAJIBHBIX CIUIAaiHOB
MakcuManbHOro aedexra. OOcyxmaercs moBeneHWE KOHCTAaHT W (QyHkmmi JleGera misd KyOMYEeCKHX
MOJMHOMHAJIBHBIX CIUIAMHOB B CJlydya€ HCOOAHOPOIHBIX Crylaromuxcs CETOK. Hpez[naraeTcx AJITOpUTM
MTOCTPOCHUS COTIACOBAHHON HEPETYISIPHOM CeTKH. JTa ceTKa 00ecreunBaeT MUHUMAIIbHYIO OIMMHOKY TpH
HCIIOJIb30BAHWHU JICBBIX, MIPABLIX UK CPECAHUX Ky6I/I‘leCKPIX MOJMHOMHUAIBHBIX CIUIAMHOB.

Burova, 1.G. Non-Polynomial Splines and Solving the Heat Equation (2020) Proceedings - 24th
International Conference on Circuits, Systems, Communications and Computers, CSCC 2020, ctatbs N2
9402599, pp. 140-146. DOI: 10.1109/CSCC49995.2020.00033.
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KPATKOE OITMCAHMUE: This paper discusses the application of the polynomial, exponential and
trigonometric splines of the fourth order of approximation to the construction of methods for numerically
solving the heat conduction problem. The exponential splines and the trigonometric splines are used here
to approximate the partial derivatives. This approach allows us to construct explicit and implicit
difference schemes. The main focus of the paper is on implicit difference schemes. Numerical examples
are given.

B cratbe paccMaTpuBaCTCA ITPUMCHCHUC IMOJIMHOMUAJIBHBIX, S9KCIIOHCHIIUAJIBHBIX U TPUTOHOMCTPUUICCKUX
CILJIAaiHOB YCTBCPTOIro NOpsAAKa alipOKCUMAIUU JJIs1 TOCTPOCHU A MCTOAO0B YHUCJICHHOI'O PCHICHUA 3aa4N
TCIIJIOMPOBOAHOCTH. SKCHOHCHHI/IaHLHHG CIJIAaMiHBI U TPUTOHOMETPHUICCKHUC CIUIaMHBI HCIIOJIb3YHOTCA
31€CH IJId alllIpOKCUMAIMK YaCTHBIX IMTPOU3BOJHBIX. Taxoit nmoaxoa Mo3BOJIACT CTPOUTH ABHBIC U HCSABHBIC
Pa3HOCTHBIC CXEMBIL. OCHOBHOG BHUMaHHUE B CTAaTbC YIACIACTCA HCABHBIM PAa3HOCTHBIM CXEMaM.
IIpuBeneHbI YUCIOBBIE TPUMEPHI.



