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1 Introduction

Workshop on Modern Applied Mathematics PK 2012 is a conference
on modern mathematics organized by the Institute of Mathematics of the
Faculty of Physics, Mathematics and Computer Science, Tadeusz Kosciuszko
Cracow University of Technology.

The Conference aims to present new results, to promote and to bring
together researchers in the different research areas of mathematics and in-
fluence more cooperation among scientists working in mathematics. This
conference will provide a unique forum for exchanging ideas and in-depth
discussions on different aspects and different branches of mathematics.

We plan to organize similar conference every year.

You can find detailed information about conference on the page:
www.wmam.pk.edu.pl

I would like to thank all participants for interest in our conference and
scientific research in the field of mathematics.

I would like to express my thanks to Board of Directors and the Admin-
istration of the Institute of Mathematics as well as the staff of the Institute
for their friendliness and support for conference organization.

My special thanks go to dr Monika Herzog for the project and realization
of the conference logo as well as Mr Konrad Koterla and Mr Krzysztof Konias
for the website project and creation.

Grzegorz Gancarzewicz

Warsztaty z Nowoczesnej Matematyki i jej Zastosowan sg konfer-
encja organizowang przez Instytut Matematyki na Wydziale Fizyki, Matem-
atyki i Informatyki Politechniki Krakowskiej im. Tadeusza Kosciuszki. Celem
konferencji jest prezentacja aktualnych osiagnie¢ naukowych w zakresie matem-
atyki i jej zastosowan, promocja matematyki i badan naukowych w tej dziedzinie,
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spotkanie i wymiana doswiadczen przez naukowcow zajmujacych sie réznymi
dzialami matematyki.
Planujemy organizowaé¢ co roku podobnag konferencje.

Szczegdtowe informacje o konferencji znajduja sie na stronie:
Www.wmam. pk.edu.pl

Bardzo dziekuje wszystkim uczestnikom za zainteresowanie konferencja i
badaniami naukowymi w dziedzinie matematyki.

Chcialbym wyrazié¢ szczegolne podziekowania Dyrekeji Instytutu Matem-
atyki, administracji Instytutu Matematyki i wszystkim pracownikom za zy-
czliwo$¢ i pomoc w organizacji konferencji.

Dziekuje rowniez Pani dr Monice Herzog za projekt i przygotowanie loga
konferencji oraz Panu Konradowi Koterli i Panu Krzysztofowi Koniasowi za
projekt i wykonanie portalu konferencji.

Grzegorz Gancarzewicz

1.1 Organizing Committee

dr Grzegorz Gancarzewicz — Chairman
dr Marcin Skrzynski

1.2 Scientific Committee

dr hab. Ludwik Byszewski, prof. PK — Chairman

prof. dr hab. Orest Artemowicz
prof. dr hab. Anatolij Pliczko

doc. dr hab. Piotr Jakobczak

dr hab. Wlodzimierz Jelonek

dr hab. inz. Anna Kumaniecka

dr hab. inz. Jacek Leskow, prof. PK
dr hab. Teresa Winiarska, prof. PK
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3 Abstracts

3.1
On residually finite groups

Orest D. Artemovych

Recall [1] that a group G is called residually finite if the intersection
[N <G| the index |G : N is finite} = 1
is trivial. An abelian group (A, +) with a multiplication
x: AXA— A
is called a brace (see [2|) if the following are satisfied for all a,b,c € A:
i) (a+b)xc=(axc)+ (bxc),
ii) Ais a group with respect to the circle operation “o" defined by the rule

aob=a+b+ (axb).

The group (A, o) is called an adjoint group of a brace A and denoted by A°.
In the following theorem we construct an example of a mixed group in which
every subgroup is either finite or of finite index.

Theorem 1. The adjoint group Z° of the integer numbers brace (Z,+,*) has
the following properties:

(1) Z° = (2) x (1) is a semidirect product of an infinite normal cyclic
subgroup (2) and a cyclic subgroup (1) of order 2;

(2) the term of the lower central series vy (Z°) = (2¥) is cyclic (k > 2);
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every subgroup of Z° s either finite or of finite index;

(
(
(5) the center Z(Z°) is trivial;
(

)

4) Z° is residually finite and residually nilpotent;
)
)

6) Z° = (1,3) is generated by two involutions 1 and 3.

We also study residually finite groups with every subgroup of infinite
index to be finite. Remember that an infinite group with all nontrivial sub-

groups to be of finite index is cyclic (proof see in Yu. G. Fedorov [3| and
J. Erdos [4]).

References

[1] D. J. S. Robinson, A Course in the Theory of Groups, Graduate Text in
Math., 80, Springer-Verlag, New York Heidelberg Berlin, 1980.

[2] W. Rump, Braces, radical rings, and the quantum Yang-Baxter equa-
tions, J. Algebra. 307 (2007), 153-170.

[3] Yu. G. Fedorov, On infinite groups of which all nontrivial subgroups have
a finite index (Russian). Uspehi Matem. Nauk (N.S.), 6 (1949), 187-189.

[4] J. Erdos, The theory of groups with finite classes of conjugate elements,
Acta Math. Hung., 5 (1954), 45-58.

3.2
Some properties of Bernstein-Durrmeyer

operators

Magdalena Baczyrniska

Approximation issues appear in many branches of mathematics and they
find a huge number of applications beyond mathematics. They originate in
the celebrated Weierstrass Theorem to the effect that any continuous function
on a compact interval can be uniformly approximated by polynomials. We
refer to this procedure as an algebraization of a function.

Weierstrass Theorem is ineffective in the sense that it provides no algo-
rithm for construction of approximating polynomials. This problem has been
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taken on by Bernstein who constructed in 1912 for a given continuous func-
tion f : [a,b] — R a sequence of polynomials B, (f,z) converging uniformly

to f
£ (oo

These polynomials are nowadays called Bernstein polynomials.

Slightly more generally, B,,’s as functions of argument f can be viewed as
linear operators from the space of continuous functions on [a, b] to the space
of polynomials in one variable of degree at most n € N.

In the course of time Bernstein operators have been modified and gener-
alized, see eg. [2| and references therein. In particular one studies Bernstein-
Durrmeyer type operators defines as follows, [1].

Definition 1. Letn € N, p > 0 and [ Lebesque integrable function on [0, 1].
Define an operator UP for x € [a,b] by

Ul(f,x)= ZFj;k - pni(x), where

f(O) for k=0,
Yy = fo g (O)dt o for k=1,2,3,...,n—1,
f(]) for k =mn,

tk p— 1(1 _ t)(n—k)p—l
(k- p,(n=k)-p)

and B 1s Fuler beta function.

These operators are defined on the space of Lebesgue integrable func-
tions which is considerably bigger than the space of continuous functions.
Nevertheless these operators enjoy similar properties as Bernstein operators.

The following two theorems are main results presented here. The first
one concerns the convergence of the U, (f) sequence.

Theorem 1. For any f Lebesgue intagrable function on [0,1] a sequence
UP(f) is converging uniformly to f.
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The second result is the verification that Voronovskaya type theorem
holds for Bernstein-Durrmeier operators.

Theorem 2. If f is continuous twice differentiable function in every x &
0, 1], than we have

lim n[UP(f,2) — f(z)] = L@

lim 2 cz(l —x).

Detailed proofs of these results will be presented elsewhere.

References

[1] Durrmeyer J.-L.: Une formule d’inversion de la transformeé de Laplace: Applications
a la théorie des moments, Thése de 3e cycle, Faculté des Sciences de I’Université de
Paris, 1967

[2] Gonska, H., P&ltdnea, R.: Simultaneous approximation by a class of Bernstein-
Durrmeyer operators preserving linear functions. Czechoslovak Math. J. 60(135)
(2010), 783—799

3.3
Some Applications of Grobner Bases

O zastosowaniu baz Grobnera

Katarzyna Bolek

Celem mojego wystapienia jest omOwienie wybranych zastosowan teorii
baz Grébnera.

W moim referacie przedstawie rozwiazania uktadéw rownan wielomianowych
za pomocg baz Grobnera. Zaprezentuje rozwigzania dwoch zadan z Olimpiady
Matematycznej. Ponadto przedstawie przyktady zastosowania eliminacji zmi-
ennych za pomoca baz Gronera do znajdowania postaci algebraicznej rownan
krzywych oraz powierzchni. Opowiem o krzywej Béziera, ktora zawsze otrzy-
mujemy w postaci parametrycznej. Jako przyktad powierzchni zaprezentuje
powierzchnie noszaca nazwe parasol Whitney’a.
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3.4

Criteria for normality via Cj-semigroups and
moment sequences

Dariusz Cichoni

This talk is based on the paper

D. Cichori, 1. B. Jung, J. Stochel, Generalized Friedland’s theorem for
Co-semigroups, J. Math. Anal. Appl. 343 (2008), 752-757

We are going to discuss the following two theorems.

Theorem 1. Suppose that A is the infinitesimal generator of a Cjy-
semigroup {S(t)}iepo,o0) € B(H). Then the following conditions are equiva-
lent:

(1) A is normal,

(i1) for every h € H the functions t — log||S(t)h|| and t — log ||S(t)*h||
are convex on [0, 00),

(i11) for every h € H there exists e, € (0,00) such that the functions t
log [|S(t)h|| and t — log||S(t)*h|| are convex on [0,¢p,).
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Moreover, if A is normal, then N'(S(t)) = N (S(t)*) = {0} for allt € [0, 0).

Theorem 2. An operator A € B(H) is normal if and only if the kernels
N(A) and N(A*) coincide and for some integers j, k > 1 (equivalently: for
all integers j, k > 1) the sequence {||A"h||*}5°, as well as {||A*"h|* }°2, is
a Hamburger moment sequence for every h € H.

3.5
Picard—Fuchs operator for certain one

parameter families of Calabi—Yau threefolds

Stawomir Cynk
Joint work with Duco van Straten (Mainz, Germany).

In the talk I will present computation of the Picard—Fuchs operator for
certain one—parameter families of Calabi—Yau threefolds.

Definition 1. Calabi-Yau manifold is a complex, projective (kihler) mani-
fold X of dimension 3 satisfying

[ ] KX :OX
o H'(Ox)=0.

Let X :— P! be an algebraic family such that a generic fiber is a smooth
Calabi-Yau threefold with the third Betti number equal b3(X;) = 4, then the
period function f; := fv Q (where 7 is a 3—cycle in X, and €, is a nowhere
vanishing 3—form on ;) satisfies certain linear equation of order 4 called the
Picard—Fuchs equation. Motivation to study Picard—Fuchs operator for one
parameter families of Calabi—Yau threefolds come both from mathematics
and physics.

Any singular fiber of the family X yields singular point of the Picard—
Fuchs operator, however it may happend that a singularity of the operator
corresponds to a smooth point of the family (the so called apparent singu-
larity). A singular point is called a maximal unipotent monodromy point (a
MUM-point) if the monodromy operator at this point has a single Jordan
block of maximal size: this points are specially interesting from the point of
view of physics.

We shall present the method to compute the Picard-Fuchs operator for
certains one parameter families of double octics ([3]) and discuss three ex-
amples corresponding to arrangements no. 36, 70 and 254 demonstrating
completely different properties:
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36 is a quadratic pullback of an operator with one point of maximal unipo-
tent monodromy (so—called MUM point) and one conifold point.

70 no MUM-point,

254 nine singularities of the operator: three conifold points, three apparent
singularities and three MUM-points.

References

[1] G. Almkvist, W. Zudilin, Differential equations, mirror maps and zeta
values. Mirror symmetry. V, 481-515, AMS/IP Stud. Adv. Math., 38,
Amer. Math. Soc., Providence, RI, 2006.

[2] G. Almkvist, C. van Enckevort, D. van Straten, W. Zudilin, Tables of
Calabi- Yau operators, arXiv:math/0507430.

[3] C. Meyer, Modular Calabi-Yau threefolds, Fields Institute Monographs,
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3.6
Inference with Missing data

Christiana Drake

Observational studies and to a lesser degree randomized experiments of-
ten are confronted with missing data. The validity of inference depends on
the missingness mechanism [Little J.A, and Rubin, D.B., 2002]. When the
missing data mechanism depends on observed data only, estimation of means
and /or regression coefficients requires adjustment but no further information.
If the missingness mechanism depends on unobserved data, unbiased estima-
tion requires further information. Multiple imputation [Rubin, D.B. 1987|
complete data sets by imputing the missing values and leads to standard
statistical analysis. Likelihood based inference distinguishes between data
missing at random (MAR) where inference is based on the observed data
likelihood and data not missing at random (NMAR) where the joint distri-
bution of the data and missingness mechanism is modelled. Estimation in
this case cannot be based on the observed data alone. The concepts will be
illustrated with examples from survey sampling and time series analysis. The
time series application is joint work with Oskar Knapik and Jacek Leskow.
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3.7
An outer measure on a commutative ring

Pewna miara zewnetrzna na pierscieniu

przemiennym
Dariusz Dudzik

Niech R bedzie pierécieniem przemiennym z jedynka i niech P bedzie taka
rodzing idealow pierwszych pierscienia R, ze U‘B = R\ R*. Przypusémy,
ze dana jest miara nieujemna (albo miara zewnetrzna) pu na zbiorze . W
referacie skonstruujemy za pomocg miary p pewng miare zewnetrzna p* na
pierscieniu R, udowodnimy interesujaca wtasno$¢ miary p* i przedstawimy
kilka naturalnych przyktadow.
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3.8

Resampling methods for weakly dependent
sequences

Elzbieta Gajecka-Mirek

In 1999 a new type of dependence in time series - weak dependence
was introduced (Bickel and Biihlmann and simultaneously Doukhan and
Louhichi). This gives the tools for the analysis of statistical procedures with
very general data generating processes.

In the presentation there are considered resampling methods to estimate
the moments. One of them, the subsampling, is used to approximate an
asymptotic distribution of a self-normalized sample mean

_ V(X — 1)
VS (X, — X2+ LM (p)

1,
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and create the subsampling-based confidence intervals for the stationary, long
memory and heavy-tailed model introduced by Politis and McElroy { X}z :
Xy = o0Gy + 1.

The methodology is applied to the series of packet-counts from Ethernet
traffic traces.

3.9
Graphs with path systems of length & in

a hamiltonian cycle

Grzegorz Gancarzewicz

We consider only finite graphs without loops and multiple edges. By
V(G) and E(G) we denote respectively the vertex set of graph G and the
edge set of G. By d(z,G) or d(z) we denote the degree of a vertex x in the
graph G and by d(z,y) or dg(z,y) the distance between x and y in G,

Let k,s1,...s be positive integers. We call S a path system of length k
if the connected components of S are paths:

P! Ty ... wl
P worh . al
and S s = k.
Let S be a path system of length k and let z € V(.S). We shall call x an
internal verter if x is an internal vertex in one of the paths P!, ... P!.

If ¢ denotes the number of internal vertices in a path system S of length
kEthen 0 < ¢ < k—1.1f ¢ = 0 then S is a k-matching (i.e. a set of k
independent edges).

We characterize for every k > 1 all (I 4+ 3)-connected graphs G on n > 3
vertices satisfying:

n+k
2

dg(z,y) =2 = max{d(z,G),d(y,G)} >

for each pair of vertices x and y in G, such that there is a path system
S of length k£ with [ internal vertices such that S is not contained in any
hamiltonian cycle of G.
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3.10
Hausdorff gaps and automorphisms of P(N)/fin

Luki Hausdorffa 1 rozszerzanie automorfizmow
P(N) /fin

Magdalena Grzech

Symbol P(N) /fin oznacza algebre ilorazowa Boole’a otrzymang przez podzie-
lenie zbioru potegowego N przez ideat podzbioréw skoniczonych fin. Przestrzenia
Stone’a tej algebry jest N* czyli narost uzwarcenia Cecha-Stone’a przeliczal-
nej przestrzeni dyskretnej. Zatem kazdy automorfizm algebry wyznacza i jest
wyznaczany przez autohomeomorfizm przestrzeni topologicznej N*. Natu-
ralne jest pytanie o moc i strukture grupy automorfizmow P(N)/fin. Poniewaz
kazda prawie permutacja (czyli bijekcja z dopetienia skoriczonego podzbioru
N w dopetnienie skoriczonego podzbioru N) wyznacza automorfizm P(N) /fin
(tzw. automorfizm trywialny), zatem moc tej grupy jest nie mniejsza niz
continuum (¢ = 2%°). Z drugiej strony, nie przekracza 2°. W. Rudin wykazal,
ze przy zatozeniu CH (The Continuum Hipothesis) moc tej grupy jest rowna
2% zatem mozliwie najwieksza ([W]). S. Shelah, korzystajac z forsingu, skon-
struowal model teorii mnogosci, w ktorym kazdy automorfizm P(N)/fin jest
trywialny ([S1]). Forsing uzyty w tej pracy zostal wykorzystany przez S.
Shelaha i J. Stepransa do wykazania, ze réwniez przy zatozeniu negacji CH
i aksjomatu PFA (The Proper Forcing Axiom), kazdy automorfizm jest try-
wialny ([S2]). Teza ta jest prawdziwa rowniez przy zatozeniu OCA (The
Open Coloring Axiom) i AMy, (The Martin Axiom(R;)).

Mozna pokaza¢ ([G]), ze rozwazana grupa automorfizméw moze by¢ prawie
dowolna: Dla dowolnie duzej liczby kardynalnej « i dowolnej algebry Boole’a
B mocy nie mniejszej niz « i nie wiekszej niz 2" istnieje model, w ktéorym
continuum jest réwne k, grupa automorfizméw B jest izomorficzna z pod-
grupa Pp grupy automorfizméw P(N)/fin oraz kazdy automorfizm P(N)/fin
mozna przedstawi¢ jako ztozenie automorfizméw trywialnych z elementami
{:PB-

Pojawia sie pytanie: ktére automorfizmy modelu wyjsciowego zostang
wyeliminowane po zastosowaniu forsingu (bez nieprzeliczalnych antytaricuchow),
ktore zostang zachowane, w szczegdlnosci pojawi sie prawie permutacja, ktora
je trywializuje? Pomocne w poszukiwaniu odpowiedzi na to pytanie jest po-
jecie luki Hausdorffa. Gtéwnym wynikiem, ktéry zostanie przedstawiony, jest
nastepujace twierdzenie:
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Jezeli obrazem, przez (nietrywialny) automorfizm T, luki Hausdorfla jest
luka Haudorffa, to istnieje forsing (bez nieprzeliczalnych antylaricuchéw) do-
dajacy prawie permutacje lokalnie trywializujaca T
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3.11

Functional Regression Models with Structured
Penalties

Jarostaw Harezlak, Madan Kundu

Collection of functional data has become more prevalent in the past
decade, including functional data collected longitudinally. For example,
in the HIV Neuroimaging Consortium (HIVNC) study, magnetic resonance
spectroscopy (MRS) was used to collect metabolite spectra from multiple
brain regions at a number of time points. Analysis of such data usually
follows a two-step procedure: metabolite concentration extraction and re-
gression modeling. Our approach does not rely on the frequently unreliable
feature extraction. Instead, it uses scientific knowledge to estimate regres-
sion function without explicitly estimating the feature characteristics. Specif-
ically, we will present a method, partially empirical eigenvectors for regression
(PEER), which balances in a principled way the information arising from the
observed data and the a-priori scientific knowledge. In the second part of the
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talk, we will extend our method to functional linear model estimation in the
longitudinal data setting. Our method allows the regression function to vary
across both time and space. We derive the estimator’s statistical properties
and discuss their connections with the generalized singular value decomposi-
tion (GSVD). The results of the simulation studies and an application to the
analysis of HIV patients’ neurocognitive impairment as a function of MRS
data will be presented.
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3.12
Approximation of function of two variables

from exponential weight spaces

Monika Herzog

2000 Mathematics Subject Classifcation. 41A36. Key words and phrases:

linear positive operators, Bessel function, modulus of continuity, degree of
approximation

In the paper we study approximative properties of modified Szasz-Mirakyan
operators for functions of two variables from exponential weight spaces. We
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present theorems giving a degree of approximation by these operators for
exponential bounded functions.

Let C(R3) be the set of all real-valued functions continuous on R3 =
[0, +00)2. Similarly as in [1] we define the exponential weight space

E,,={f € C(R}) : w,, f is uniformly continuous and bounded on R3},

where w, , is the exponential weight function defined as follows

wyq(z,y) =exp—(pr+qy), p,q€ Ry,

for (z,y) € RZ. The space E,, is a normed space with the norm

1£1lp.q = sup{wp,q(z, 9)If (@, y)]; (z,y) € RG}-

Moreover, we consider the modulus of continuity

W(f, Bpgit, ) = sup{[|Anafllpq; b € [0,1].d € [0, ]},

where
Apaf(x,y) = f(x+h,y+d) — f(z,y)

for (z,y) € RZ, h,d € R,.
We introduce the modified Szasz-Mirakyan operator for functions f € E,,
in the following way

AVh (fim,y) =

1 nE)R Y ()2 2% 2 )

Iu(nw) Iy my) Zk( 0 );1 0 TG+ D) TGDT (J+u+1)f(n_+p’ ) ©> 0,y >0;

2k — -

Iy(m P oWﬂnﬂ,,O) z>0,y=0;

mx v 2 B .

I, mx) ZJ =0 F(]+12)F(]+M+1)f( ) mjrq>’ Yy > 0, xr = 0,
f(O 0) r=19y=0.

where v, u € Ry, n,m € N, I' is the Euler-gamma function and [, the modi-
fied Bessel function defined by the formula ([6], p. 77)

oo ()2k+y
:2;1“ k+DD(k+v+1)

The following theorem estimate a weighted error of approximation for
functions belonging to the space E} ={f € E,,: f' € E,,}.
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Theorem 1. For all p,q € Ry, v,u € Ry and for each function g € E;ﬂq
there exists a positive constant M (p,q,v, 1) such that for all (z,y) € R3 and
n,m € N we have

Wy q(x, y)|AVE (g5 2,y) — g(z,y)| <

r+1 y+1
M. (bl + )

The next theorems give a degree of approximation of functions by oper-
ators At .

Theorem 2. For all p,q € Ry, v,u € Ry and for each f € E, , there exists
a positive constant M (p, q,v, u) such that for all (z,y) € RZ and n,m € N
we have

” r+1 y+1
wpv‘]('rvy”An#n(f;x?y) - f(xvy)l S M<p7Q7V7 :u)w (f7 Ep ) .

VR
The above theorem implies the following corollaries.

Corollary 1. If v, € Ry and f € E,, with some p,q € Ry, then for all
(z,y) € R}
lim AP (fi2,y) = f(z,9).

,1M—00
Moreover, the above convergence is uniform on every set [x1, xs| X [y1, Yo] with
0<x <wa, 0 <y1 <o

Corollary 2. Foralla, p € (0;1], p,q € Ry and for each f € Lip(E, o, o, 5)) =
{f€Eyq:w(f,Epqgit,s) = 0™ +57),t,s — 07} there exists a positive con-
stant M(p, q, o, ) such that for all (x,y) € RE and n,m € N we have

Wy oz, )| AT (fr2,y) = f(z,y)| < M(p,q, e, B) ((x—jﬁl)a + (y—\/%l)ﬂ> .
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3.13
The existence of a weak solution of the

semilinear first-order differential equation in

a Banach space

Mariusz Juzyniec

Introduction. We consider the abstract first-order initial value problem

Cult) = Ault) + F(u() for e (0,7] (1)
u(0) = x.

where A is a densely defined, closed linear operator on a Banach space X,
z € X and f :[0,7] x X — X. For a Banach space X, X* will denote
its dual space. Let (-,-) : X x X* — K be the duality pairing. For an
operator A, D(A) and A* will denote its domain and adjoint, respectively.

Definition 1. A function w € C([0,T]; X) is a weak solution of (1) on
[0,7] if and only if for every v € D(A*) the function [0,7] 3t — (u(t),v)
is absolutely continuous on [0,77] and

%(u(t),w = (u(t), A*v) + (f(t,u(t)),v) a.e. on [0,T].

Theorem 1. Let A be the infinitesimal generator of a Cy semi-
group {T'(t)},5, of bounded linear operators on X, w € C([0,T]; X)
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and f(-,u(-)) € L'(0,T; X). If u is a weak solution of the equation (1) and
u(0) = x then u is a solution of the integral equation

u(t) =T(t)x —l—/o T(t—s)f(s,u(s))ds te0,T].

Theorem 2. Let f :[0,7] x X — X be continuous in t in [0,7] and
uniformly Lipschitz continuous on X. If A is the infinitesimal generator of
a Cp semigroup {7'(t)},., of bounded linear operators on X then for every
x € X integral equation (3) has a unique solution u € C([0,T]; X).

The purpose of this note is to establish an equivalence between functions
u satis-fying (3) and weak solutions of (1).

Theorem 3. Let the assumptions of Theorem 2. be fulfilled then there
exists for each x € X a unique weak solution u of (1) satisfying u(0) = «.
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3.14
Bayesian inference for cyclostationary time

series

Oskar Knapik

In recent years, there is a growing interest in modelling nonstationary
time series. Periodically correlated, almost periodically correlated, cyclosta-
tionary time series and stochastic processes form important examples of such
nonstationary models. The survey of Gardner, Napolitano, Paura (2006) is
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quoting over 1500 different papers recently published that are dedicated to cy-
clostationarity. Almost periodically correlated (APC) time series have found
applications in various areas like: econometrics, signal processing, commu-
nications and biology. The purpose of this paper is to provide Bayesian
inference for such signals within parametric statistical model. The inference
based on the Markov Chain Monte Carlo (MCMC) methods. In particular
we propose to use the hybrid algorithm which is Gibbs sampler with one
step on the basis of Metropolis-Hastings algorithm to conduct Bayesian in-
ference for unknown quantities of the model. The whole is complemented
with simulations.

3.15
Hausdorff limit in o-minimal structures

Granica Hausdorffa w strukturach
o—minimalnych

Beata Kocel-Cynk
Wspélna praca z W. Pawtuckim i A. Valette.

Pojecie struktury o-minimalnej zostalo wprowadzone do geometrii alge-
braicznej rzeczywistej na poczatku lat osiemdziesigtych jako proba aksjo-
matycznego ujecia wlasnosci zbioréw semialgebraicznych. Ten sam zestaw
aksjomatow pozwala réwniez na wyprowadzenie podstawowych wlasnosci
zbiorow globalnie subanalitycznych. Zainteresowanie tematyka struktur o—
minimalnych gwattownie rosnie od poczatku lat 90 gléwnie za sprawa dowodu
Wilkiego o—minimalno$ci rozszerzenia ciata liczb rzeczywistych o funkcje
wyktadnicza.

Definicja 1. Struktura S na R jest to cigg {S,}nen taki, ze dla dowolnej
liczby naturalnej n

1. 8, jest algebrq boole’ owskq podzbiorow R",
2. S, zawiera przekgtne {(xq,...,2,) ER" 1 x; =2;} dla1 <i<j<n,
3. jesli A€ S, to A xR oraz R x A nalezqg do S, 41,

. jgeslt A € Spqq, tom € S, gdzie T : — est rzutowaniem
4. jesli A € Sy4q, to w(A) € Sy, gdzi R+ R"™ jest rzut '
na pierwszych n wspotrzednych.
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Definicja 2. Mowimy, ze zbior A C R"™ jest definiowalny jesli A € §,,.
Funkcje f : A — R™, okreslong na zbiorze A C R™, nazywamy definiowalna
jesli jej wykres jest definiowalny.

Definicja 3. Struktura S na R jest o—minimalna jesli spetnia nastepujgce
warunks

1. {(x,y) :x <y} € Sy oraz {a} € S; dla kazdego a € R,

2. kazdy zbior nalezgcy do Sy jest skoriczong sumq przedziatow (a,b),
—00 < a < b< +o0o oraz punktow {a}.

Celem referatu jest przedstawienie nastepujacego twierdzenia o defin-
iowalnosci granicy Hausdorffa definiowalnej rodziny w strukturze o-minimalne;j
oraz podstawowych elementow jego dowodu.

Twierdzenie 1. Niech T bedzie ograniczonym podzbiorem definiowalnym
przestrzeni R* i niech A bedzie ograniczonym podzbiorem definiowalnym R™ x
T takim, ze wszystkie wtokna

Ay ={xeR": (x,t) € A} (teT)

sq niepustymi podzbiorami zwartymi R™ oraz C = lim,, o A, jest granicq
pewnego ciggu A;, (v € N), gdzie lim,, oo t, =t, (€ T).

Wtedy C' jest definiowalny oraz istnieje tuk definiowalny ~ : (0,1] — T
taki, Ze lim;, o y(t) = t. oraz C' = lim; o Ay 7).

Twierdzenie to zostalo po udowodnione przez Liona i Speisseggera ([2]),
w pracy ([1]) podalismy, krotki i catkowicie geometryczny dowod tego faktu
oparty na rozktadzie z parametrem zbioru definiowalnego na sume komorek
Lispchitzowskich.
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3.16
Resampling methods for nonstationary time

series

Jacek Leskow

In this work we investigate various resampling methods essential in the
statistical inference for nonstationary time series. We introduce the concept
of almost periodically correlated stochastic process and time series (see e.g.
Antoni (2009), Gardner et al (2006) and Hurd(1991) ). We show its main
characteristics in the time and frequency domain and we propose new ap-
proach in statistical inference based on subsampling or bootstrap. In the
time domain, we focus on the problem of estimating the Fourier coefficients
of the autocovariance of underlying time series or stochastic process while in
the frequency domain the main point is identification of frequencies charac-
terizing the spectral bimeasure. Various applications, ranging from financial
data to mechanical and biological data are also considered .

The presentation will extend the results included in Cioch, Knapik and
Leskow (2013), Leskow (2012), Leskow and Mokrzycka (2011), Leskow and
Synowiecki (2009) and Lenart, Leskow and Synowiecki (2008).

3.17
Surface shape analysis algorithms of 3D objects

in biomedical engineering
Algorytmy analizy ksztaltu powierzchni
obiektow 3D w inzynierii biomedycznej
Mateusz Matan

Algorytmy analizy ksztaltu powierzchni obiektéw 3D w inzynierii biom-
edycznej Potrzeba zastosowania algorytmow analizy ksztattu powierzchni
obiektow 3D wynika bezposrednio z checi zautomatyzowania rzeczywistych

zadan, bazujacych na obszernej wiedzy dziedzinowej, w roznych zagadnieni-
ach medycyny, inzynierii biomedycznej czy fizyki. Analiza ksztaltu stosowana
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w inzynierii biomedycznej opiera sie w gtéwnej mierze na algorytmach z
dziedziny geometrii obliczeniowej [1|, wspomaganych algorytmami przetwarza-
nia grafiki komputerowej. Ztozono$é i nieregularnosé rzeczywistych struktur
(takich jak np. obrazy 3D zebow czy kosci) jest jednak znaczna przeszkoda
w efektywnym — zaréwno pod wzgledem czasowym, jak i jakosciowym —
przetwarzaniu i pézniejszej obrobce danych pochodzacych z pomiaréw. Jed-
nym z mozliwych zastosowan algorytmoéow detekeji ksztattu jest rozwiazanie
problemu lokalizacji ubytkéw na trojwymiarowym obrazie zeba wykonanym
za pomocy mikrotomografu [4]. W celu umozliwienia analizy rzeczywistych
danych nalezy stworzy¢ model matematyczny, ktory bedzie opisywal ksz-
talt rzeczywistego obiektu w sposéb Scisty, z mozliwie najmniejszym btedem.
Rozktad obiektu na obszary wypukte pozwala znacznie przyspieszy¢ i upros-
ci¢ dalsze etapy przetwarzania. 7 praktycznego punktu widzenia rozktad
obiektu na obszary wypukle (ECD — Exact Convex Decomposition) daje re-
latywnie zbyt duza liczbe zbiorow, co znacznie utrudnia dalsze przetwarzanie
[2]. Wprowadzenie pewnych ograniczen pozwala zredukowaé liczbe nieistot-
nych detali, ale obniza jakos$¢ rozktadu i pozniejszej obrobki [3]. Podczas
prezentacji zostana przedstawione trzy algorytmy (przyrostowy, QuickHull
oraz GiftWrap), ktore daja rozklad obiektu na obszary w przyblizeniu wy-
pukte (ACD — Approximate Convex Decomposition), wykorzystujac metode
otoczki wypuktlej.
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3.18
On Some Stochastic Perturbations of

Semilinear Evolution Equations

Anna Milian

We consider semilinear evolution equations with some locally Lipschitz
nonlinearities, perturbed by Banach space valued, continuous and adapted
stochastic process. We show that under some assumptions there exists a
solution to the equation. Using the result we show that there exists a mild,
continuous, global solution to a semilinear Ito equation with locally Lipschitz
nonlinearities. An example of the equation is given.

References

[1] Milian,A. On Some Stochastic Perturbations of Semilinear Evolution
Equa- tions, Canad.Math.Bull.Vol. 53(3), 2010, pp. 526-533

3.19
Teaching ode with MATLAB and Simulink,

tips and tricks

Zbigniew Mrozek

MATLAB® is a general high level programming language and program-
ming environment. It is user friendly and integrates reliable algorithms
of applied mathematics and numerous expansion modules (toolbox library,
Simulink with blockset library and many others), focused on specific fields of
applications. MATLAB enables to easily solve a variety of problems science,
industry, medicine, economy and many other areas — by facilitating access
to efficient computational algorithms and the ability to visualize results of
computation.

MATLAB successfully replaces universal programming languages (For-
tran, C, C#, C++) in the area of scientific and technical calculations. Profes-
sional graphics and math library is based on optimized libraries: LAPACK
(Linear Algebra Package) and BLAS (Basic Linear Algebra Subroutines).
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Solving ODE using MATLAB, Simulink and Symbolic Math
Toolbox
Graphical modeling of ODE (Ordinary Differential Equations) in Simulink is
the easiest way to get numerical solution and plot of ODE initial problem.
You do not have to program anything, because Simulink libraries contain
models of integrators, amplifiers and adders. Analytical solution of ODE
may be obtained using dsolve command from Symbolic Math Toolboz - also
without need for programming.

MATLAB uses ODE Suite algorithms to get numerical solution of ODE.
Algorithms denoted in short as odeXX are represented by the functions listed
below (the solvers): ode45, odell3, odelbs, ode23s, ode23t, ode23tb,
ode15i. Additional 8 algorithms are used in Simulink for fix step simulation:
odel (Euler) to ode8 (Dorméand-Prince RK8 formula).

Tips, tricks and examples of common mistakes made by students and
some unconventional ways of using ODE solvers will conclude this presenta-
tion.

3.20
Finite Axiomatization Problem for Finite

Logical Matrices

Katarzyna Patasinska

A logical matriz is a pair 91 consisting of an algebraic structure and a
subset of the underlying set of this structure. The elements of the subset are
called designated values of the matrix 9. Tautologies of M are defined as
those terms that take a designated value under any valuation into 901. For
example, tautologies of the classical propositional logic are defined as the
tautologies of the two-element Boolean matrix.

The finite axiomatization problem asks if for a given finite matrix 9t there
exists a finite set of basic laws (i.e., tautologies and rules) that, together with
the substitution rule, allow to deduce all the tautologies of 9. If the answer
is positive, the matrix is called finitely axiomatizable. 1t is known that all
two-element matrices are finitely axiomatizable. On the other hand there
have been found some quite simple examples of three-element non-finitely
axiomatizable matrices.

The problem whether finite axiomatizability is independent of the choice
of basic operations has been stated over 20 years ago. In case of two-element
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matrices as well as in case of matrices defining algebraizable logics the answer
is "yes." We present some further examples for which the answer is positive.
In general case the question remains open.

3.21
Analytic Manifolds as Locally Definable Spaces
Artur Piekosz

A generalized topological space is a triple (X, Opy, Covy), where X
is any set, Opx C P(X), and Covy C P(Opx), such that the following
axioms are satisfied:

(fin) ifU € Fin(Opx), then YU,NU € Opx, U € Couvx,

(stab) if V € Opx, U € Covx, then VU € Covy,

(trans) if & € P(Covx),|JP € Covy, then |J® € Covy,

(sat) if U € Covx,V € P(Opx), U <V, then V € Covy,

(reg) it W e P(X),U € Covx, WU € P(Opx), then WN(JU) € Opx.
Members of Op,, are open sets, members of Cov,, are admissible (open)
families. Here &/ < V means [JU = |JV and U is a refinement of V. The
symbols N, U denote family intersection and family union, respectively.

We consider the o-minimal structure R,,, (i. e. the ordered field of real
numbers augmented with restricted analytic functions).

A function sheaf over R,, on a generalized topological space M is a
sheaf of sets F (the sheaf property is assumed only for admissible families)
such that for each U € Op(M) the set F(U) C RY and the restrictions of
the sheaf are the set-theoretical restrictions of mappings. A function space
over R, is a pair (M, O,s) where M is a generalized topological space and
O,y is a function sheaf over R,,,. A morphism of such spaces is a mapping
f: M — N such that f~'(Covy) C Covy and Ox o f C Oyy.

Each definable (=globally subanalytic) subset D of R” is naturally a
function space over R,,. Define Opp = relatively open definable subsets,
Covp = essentially finite families from Opp, and on each O € Opp take the
family DC(O) of all definable continuous R-valued functions on O.

An affine definable space over R, is a function space over R,,, iso-
morphic to a definable subset of some R? . (Morphisms of affine definable
spaces are given by continuous definable maps between definable subsets.)
A locally definable space over R,, is a function space over R,, that has
an admissible covering by affine definable open subspaces. Such a space is
partially complete if all its closed definable sets are complete (=definably
compact).
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A paracompact locally definable manifold of dimension n over R, is
a Hausdorff locally definable space over R,,, that has a locally finite covering
by affine definable open subsets that are isomorphic to open balls in R™.
If additionally the transition maps are (definable) C*-diffeomorphisms (k =
1,...,00), then we get paracompact locally definable C*-manifolds.

Theorem 1. Paracompact (in the topological sense) analytic manifolds of
pure dimension n are in bijective correspondence with partially complete
paracompact locally definable C'*°-manifolds over R, of the same dimension.

(Each kind of manifold induces the other.)

3.22
Definitions of Monge-Ampére operators

Szymon Plis

We will explain how to define the Monge-Ampére operator (as a regular
Borel measure) for any convex function. We will show how to define the
complex Monge-Ampére operator for plurisubharmonic functions. Then we
will generalize this for J-plurisubharmonic functions on four dimensional
almost complex manifolds.

3.23
The Marsden-Weinstein Reduction Structure of

Integrable Dynamical Systems and
a Generalized Exactly Solvable

Quantum Superradiance Model

Anatolij Prykarpatski

An approach to describing nonlinear Lax type integrable dynamical sys-
tems of modern mathematical and theoretical physics, based on the Marsden-
Weinstein reduction method on canonically symplectic manifolds with group
symmetry, is proposed. Its natural relationship with the well known Adler-
Kostant-Souriau-Berezin-Kirillov method and the associated R-matrix ap-
proach is analyzed. A new generalized exactly solvable spatially one-dimensional
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quantum superradiance model, describing a charged fermionic medium inter-
acting with external electromagnetic field, is suggested. The Lax type opera-
tor spectral problem is presented, the related R-structure is calculated. The
Hamilton operator renormalization procedure subject to a physically stable
vacuum is described, the quantum excitations and quantum solitons, related
with the thermodynamical equilibrity of the model, are discussed.

3.24
Density estimation for generalized

skew-elliptical distributions
Jan Pudelko

We consider the problem of estimation of probability density function for
generalized skew-elliptical distributions (GSE). Generalized skew-elliptical
distributions have been introdused by Genton and Loperfido [1]. Such distri-
butions occur in situations where the random sample from whole population
is not available and we observe only the sample based on certain criterion. A
p-dimentional generalized skew-elliptical distribution is a distribution with
density o the form

fx) = 2B V2g(B 2 (x — )m(BA(x ~ €)), x € R?,

where ¢ is the p.d.f. of a known spherical distribution, £ is the location
parameter, /2 is the Cholesky decomposition of the inverse of the positive
definite scale matrix ¥ (i.e. (27Y2)TX~Y2 = ¥~1) and 7 is the (unknown)
skewing fuction such that 7 : R? — [0, 1] and 7(x) +7(—x) = 1. Ma et al. [2]
considered estimation of finite dimentional parameters of GSE distributions
(i.e. £ and ). We present some results on estimation of the density function
g by the method of sieves (see for instance [3]).
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3.25
Kernel density estimation and its application

to data analysis
Jadrowa estymacja gestosci i jej zastosowania

w analizie danych

Maria Samborska

W referacie przedstawione zostang estymatory jadrowe stuzace do wyz-
naczania funkcji gestosci rozktadu zmiennej losowej. Identyfikacja rozktadu
prawdopodobieristwa na podstawie pochodzacej z niego proby jest jednym
z istotnych problemoéw wspotczesnej analizy danych. Postepujacy wzrost
mocy obliczeniowej komputeréw przyczynit sie do coraz wiekszego zaintere-
sowania metodami estymacji nieparametrycznej, ktore zazwyczaj wigza sie
z przeprowadzeniem ztozonych obliczen, ale w przeciwienstwie do metod es-
tymacji parametrycznej nie wymagaja czynienia jakichkolwiek zatozen doty-
czacych typu badanego rozktadu. Jednym z najpopularniejszych estyma-
toréw nieparametrycznych sa estymatory jadrowe. W referacie nakreslona
zostanie konstrukcja tych estymatorow z uwzglednieniem wyboru typu ja-
dra oraz metod doboru wartosci parametru wygtadzania. Omédwione zostang
zalety 1 wady tej metody oraz zaprezentowane zostana przyktady ich zas-
tosowan.

Stowa kluczowe: estymacja nieparametryczna, estymatory jadrowe, anal-
12za danych
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3.26
Existence and Uniqueness of the Solutions

of Boundary Value Problem for Functional

Differential Equations of Second Order

Lidia Skora

The aim of the paper is to present results on the existence and the unique-
ness of the solutions of the boundary value problem for functional differential
equations of second order contained in [1].

Consider the following problem:

2'(t) = f(t,zy), teJ=[0,T|,T >0, (1)
ro=¢, 2'(T)=p2(0),5>1, (2)

where f : J x C([-7,0,R) — R, ¢ € C(|—7,0],R) are given functions,
7 > 0. For any function x € C ([—7,T],R) and any ¢ € J, we let x; denote
the element of C' ([—7,0], R) defined by

zi(s) = a(t+s),  se[-70]
The supremum norm of ¢ € C ([—7,0],R) is defined by

[¢llo = sup_[o(s)]

—7<s<0

Denote C* = C ([-7,T],R) N C? ([0, T],R) .

A solution of the problem (1)-(2) we mean in the classical sense. Function
x € C* is a solution of (1)-(2) if and only if x is a solution of some integral
equation. First we transform the problem (1)-(2) into fixed point problem.
Then using the Banach fixed point theorem we obtain the main result on the
existence and uniqueness of the solutions of the problem (1)-(2):

THEOREM ([1]). Assume that f € C(J x C(|—,0],R),R) and there ex-
ists
m € L' ([0, T],Ry) such that

|[f(t,u) = £t w)] < m(t)]lu—allo
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for allt € [0,T],u,u € C([—7,0],R) and

1
L)

m(r) < 2

t

where M(t) = [m(r)dr. Then the problem (1)-(2) has a unique solution
0

x e C

Finally, we give some examples to illustrate the applications of the above
theorem.

For second order functional differential equations we refer to the papers
[1], |2] and the references therein.
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3.27

Some remarks on matrix theory in compressed
sensing

Teoria macierzy w oszczednym probkowaniu —

kilka uwag
Marcin Skrzynski

Istotna role w matematycznej teorii oszczednego probkowania (Compressed
Sensing) graja dwa pojecia zwiazane z jadrem macierzy pomiaru: spark
(Donoho i Elad, 2003) oraz NSP (Null Space Property; Cohen, Dahmen i
DeVore, 2009). Za pomoca tych poje¢ formuluje sie podstawowe twierdzenia
o jednoznacznosci i efektywnosci rekonstrukeji sygnatu rzadkiego. W refera-
cie, po (bardzo) krotkim wprowadzeniu do matematycznej teorii oszczed-
nego probkowania, przedstawimy kilka spostrzezen i przyktadéw dotyczacych
wlasnosci wymienionych powyzej dwoch pojeé oraz zwiazkéw miedzy tymi
pojeciami.
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3.28
Neyman smooth test: omnibus and powerful

tool for modern statistical inference

Bartosz Stawiarski

The smooth goodness-of-fit test, introduced by Neyman (1937) is pre-
sented. In the pioneer years largely unnoticed, the test attracted closer
attention only in 1950s, whereas its huge statistical potential was discov-
ered by successive papers of: Thomas and Pierce (1979), Rayner and Best
(1989) and extensive research by Inglot, Kallenberg and Ledwina in their
numerous papers throughout 1990s. General idea and test construction for
simple and composite (i.e. with nuisance parameters) hypothesis is pre-
sented. Many authors’ vast theoretical and computational research confirms
the test’s omnibus character shown by its high power against wide range of
alternatives. The Neyman test not only competes well with classical nor-
mality tests (Kolmogorov-Smirnov, Shapiro-Wilk), but mostly substantially
outperforms other tests in general Hy case. The issue of data-driven version
of the test is also addressed. Moreover its application in dependent sequences
framework (ARMA, GARCH) is shown, which seems vital for improving sta-
tistical inference e.g. in econometrics.
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3.29
Convergence in measure through

compactifications

Eliza Wajch

In memory of Stanistaw Lojasiewicz [1926-2002]

In a convenient interpretation of ZFC, let us consider a metrizable space
X with its topology 7, a measure space (E, 9, 1) with an infinite o- finite
measure p on a o— field 9t of subsets of a set E, and the collection M(E, X)
of all functions f : F — X such that f~(U) € 9 for each U € 7 and
plf~H(X \ By)] = 0 for some separable Borel subspace By of X. As usual,
for a Hausdorff compactification aX of X, let C,(X) be the collection of
all those continuous real functions on X that are continuously extendable
over aX. In particular, when X is the Cech-Stone compactification of
X, then Cs(X) is the collection of all bounded continuous real functions
on X. When d is a compatible metric on X, then uyX is the minimum
uniform compactification of X discovered by R. Grant Woods not later than
in 1994. For a sequence (f,) of functions from M(E, X) and for a function
f € M(E, X), the following concepts are taken into consideration: (1) the
sequence (f,) is d-convergent in p to f if, for each positive real number
¢, the sequence (u({t € E : d(f.(t), f(t)) > €})) is convergent in R to
zero; (2) the sequence (f,) is C,(X)-convergent in u to f if, for each ¢ €
Co(X), the sequence (¢ o f,,) converges globally in px to ¢ o f. It occurs
that if d is a totally bounded compatible metric on X, then d -convergence
in u is equivalent to C,,(X)-convergence in p. It is still unknown whether
Cl,(X)-convergence in p must imply d-convergence in p when the metric d
is not totally bounded. If X is a metrizable compactification of X, while
vX is a Hausdorff compactification of X such that C,(X)-convergence in
implies C,(X)-convergence in y, then v.X is also metrizable and, moreover,
vX < aX. In consequence, the space X is compact if and only if there
exists a compatible totally bounded metric d on X such that d-convergence
in p implies C(X)-convergence in u. Investigations in ZF of the objects
mentioned above can be very hard and they need not lead to identical results
as the ones obtained in ZFC.
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3.30
Modelling of vibrations of beams and plates

with piezoelectric actuators
Modelowanie drgan belek i plyt z aktuatorami

piezoelektrycznymi

Margareta Wiciak

Odkryte w 1880 r. przez Pierre’a i Jacques’a Curie zjawisko piezoelek-
tryczne polega na pojawieniu si¢ tadunkéw elektrycznych na powierzchni
krysztaléow pod wplywem naprezen mechanicznych. Pézniej zaobserwowano
rowniez zjawisko odwrotne, polegajace na zmianie wymiarow krysztatu pod
wplywem przyltozonego pola elektrycznego, czyli tzw. odwrotny efekt piezo-
eletryczny. Zjawiska te szybko zyskaly liczne zastosowania w technice. W
latach 50-tych XX wieku rozpoczeto badania nad zastosowaniem elementow
piezoelektrycznych w aktywnych metodach redukeji drgan i hatasu oraz w
diagnostyce maszyn i urzadzen, [1].

W referacie bedziemy rozwazaé¢ strukture jedno lub dwuwymiarows z ak-
tuatorem piezoelektrycznym. Aktuator taki sktada sie z dwoch elementow
piezoelektrycznych naklejonych symetrycznie po obu stronach belki (ptyty).
Odpowiednio dobrane napiecie przytozone do przeciwlegtych powierzchni ak-
tuatora powoduje, ze doznaje on odksztalcenia, co moze zmieni¢ charakterys-
tke catego uktadu.

Rozwazmy klasyczne rownanie drgan gietnych belki (ptyty)

2
,u%w + DA*w = f, (2)
gdzie w : [0, +00) x R" — R (n = 1 dla réwnania belki i n = 2 dla réwnania
plyty), w = w(t, x) oznacza przemieszczenie punktu z € R™ belki (ptyty) w
chwili ¢, f — wymuszenie, stala D jest walcowa sztywnoscia belki (plyty) na
zginanie, p — gestoscia belki (plyty) na jednostke dtugosci (powierzchni).

W przypadku jednowymiarowym rozwazmy dodatkowo aktuator piezoelek-
tryczny naklejony na belce na odcinku [z, x5] 1 zasilany zmiennym napieciem
V. Pochodzace od aktuatora wymuszenie - dodatkowy sktadnik f,. po prawej
stronie réwnania (2), jest postaci

d2 ! !
@mx = 006p6(5x1 - 551;2)7 (3)
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gdzie Cy = E,IK, E,I oznacza sztywno$¢ belki na zginanie, K jest stala
geometryczng zalezng od wlasnosci belki i elementu piezoelektrycznego, €.
jest funkcja przyltozonego napiecia V' i wtasnosci piezoelektrycznych aktua-
tora. 0., oznacza dystrybucje delta Diraca, 0., = p(z;) dla funkcji probnej
¢ € D(R), a pochodne sa rozumiane w sensie dystrybucyjnym.

W przypadku dwuwymiarowym mozemy rozpatrywac aktuatory piezoelek
tryczne roznego ksztaltu naklejone na plyte. Co wiecej, okazuje, ze nie
tylko przylozone napiecie, potozenie aktuatora, ale réwniez jego ksztaltt silnie
wplywa na jego zdolnos¢ redukcji drgan uktadu.

Najprosciej modeluje sie aktuator prostokatny {(z,y) € R? : z; < x <
o, 1 <y < yo}. W tej sytuacji momenty wewnetrzne indukowane przez
aktuator mozna zapisaé wzorem,

My = my = Cobpe ([Hay — Hay| @ [Hy, — Hy,)) (4)

[1], gdzie H,, jest funkcja Heaviside'a, [H,,] oznacza dystrybucje regularna
generowana przez funkcje H,,, tzn.

(H)60) = [ Hulo)ol)ds = [ plade diap € D(R),
R i
za$ ® oznacza iloczyn tensorowy dytrybucji,

(S@T)(p) = Sz = T(e(,-)))

dla T,S € D'(R) i ¢ € D(R?), i konsekwentnie wymuszenie pochodzace od
rozwazanego aktuatora wyraza sie

2 2
*m,  0°m,

Foe =32 * 2 )

W przypadku aktuatora o dowolnym ksztalcie, np. trojkatnym,
réwnolegtobocznym, czy kolowym, {(z,y) € R? : 1 <z < 29, fi(z) <y <
fo(z)}, gdzie fi, fa sa klasy C*°, momenty wewnetrzne wygodnie jest rowniez
opisa¢ w podobnej postaci jak (4), [2, 4, 3, 6]

mg = my = Coepe ([Hay — Hop] @ [Hypy () — Hpyw)]) - (6)

Zauwazmy jednak, ze tym wypadku mamy do czynienia z iloczynem dys-
trybucji i odwzorowania o warto$ciach w przestrzeni dystrybucji, R 5 x —
[Hy, )] € D'(R). Aby taki uogélniony iloczyn dystrybucji S € D'(R) i odw-
zorowania 7' : R 5 x — T'(z) € D'(R) mial sens nalezy zalozy¢, ze odw-
zorowanie T' jest klasy C'°, tzn. odwzorowanie R 3 = — T(x)¢p € R jest
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klasy C* dla kazdej funkcji probnej ¢ € D(R). Sprawdza sie, ze iloczyn w
(6) ma sens, co wiecej jest dystrybucja temperowang. Pozwala to na podanie
analitycznego wzoru na rozwigzanie zagadnienia Cauchy’ego skojarzonego z
rownaniem (2) z dodatkowym skladnikiem f,. po prawej stronie rownania,
postaci (3), (5, 4) lub (5, 6). Ponadto warunki brzegowe moga by¢ uwzgled-
nione w rozwazanym problemie, jako dodatkowy sktadnik po prawej stronie
(2). Rozwiazanie rozwazanego problemu uzyskujemy w klasie funkcji abso-
lutnie ciagtych o wartosciach dystrybucyjnych, w : [0, +o00) — D;emp(]RQ),
5, 6].
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4 Appendix

4.1
On the classical and generalized solutions for

parabolic equation in the infinite dimensional
space

O klasycznych i uogélnionych rozwigzaniach dla
réwnania parabolicznego w przestrzeni

nieskonczenie wymiarowe;j

Jan Koronski




