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11�12 ñi÷íÿ 2022 ðîêó íà êàôåäði òåîðåòè÷íî¨ ôiçèêè Ëüâiâñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìå-
íi Iâàíà Ôðàíêà âiäáóâàëèñÿ 25-i Ðiçäâÿíi íàóêîâi äèñêóñi¨. Òðàäèöiéíî ïðåäìåòîì îáãîâîðåííÿ áóëè
ïðîáëåìè êâàíòîâî¨ ìåõàíiêè, ôàçîâèõ ïåðåõîäiâ, ñòàòèñòè÷íî¨ ôiçèêè, àñòðîôiçèêè, êîñìîëîãi¨, òå-
îði¨ ñêëàäíèõ ñèñòåì, ôiçèêè òâåðäîãî òiëà, ìàòåìàòèêè òà iñòîði¨ íàóêè. Óñi äîïîâiäi âèêëèêàëè
çàöiêàâëåííÿ àâäèòîði¨ òà ñïðè÷èíèëè àêòèâíi äèñêóñi¨. Íèæ÷å ïîäà¹ìî àíîòàöi¨ âèãîëîøåíèõ äîïî-
âiäåé.

ÑÀÌÓ�Ë ÊÀÏËÀÍ Ó ËÜÂIÂÑÜÊÎÌÓ ÓÍIÂÅÐÑÈÒÅÒI
(Ç ÍÀÃÎÄÈ 100-ËIÒÒß ÂIÄ ÄÍß ÍÀÐÎÄÆÅÍÍß)

Á. Íîâîñÿäëèé
Àñòðîíîìi÷íà îáñåðâàòîðiÿ, Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Ó äîïîâiäi áóäå âèñâiòëåíî ëüâiâñüêèé ïåðiîä æèòòÿ òà íàóêîâèé äîðîáîê Ñàìó¨ëà Àðîíîâè÷à
Êàïëàíà (10.10.1921�11.06.1978). Çà 13 ðîêiâ ðîáîòè ó Ëüâiâñüêîìó óíiâåðñèòåòi (1948�1961) âií íà-
ïèñàâ ïîíàä 80 ñòàòåé òà 3 ìîíîãðàôi¨ çà 9 íàïðÿìêàìè: ñòiéêiòü êîëîâèõ îðáiò â ïîëi Øâàðöøiëüäà,
òåîðiÿ áiëèõ êàðëèêiâ, êîñìi÷íà ãàçîäèíàìiêà, ïðèðîäà äæåðåë êîñìi÷íèõ ïðîìåíiâ, ôiçèêà ìiæçîðÿ-
íîãî ñåðåäîâèùà, ôiçèêà òà åâîëþöiÿ çið, ôiçèêà êîñìi÷íî¨ ïëàçìè, êîñìîëîãiÿ òà  ðàâiòàöiÿ, îïòè÷íi
ñïîñòåðåæåííÿ øòó÷íèõ ñóïóòíèêiâ Çåìëi. Ó Ëüâiâñüêèé óíiâåðñèòåò âií ïðèáóâ ó âiöi 27 ðîêiâ çà
ñêåðóâàííÿì ïiñëÿ óñïiøíîãî çàêií÷åííÿ àñïiðàíòóðè Ëåíiíãðàäñüêîãî óíiâåðñèòåòó çàõèñòîì êàí-
äèäàòñüêî¨ äèñåðòàöi¨ íà òåìó �Äæåðåëà åíåð i¨ òà åâîëþöiÿ áiëèõ êàðëèêiâ�. Ñâîþ àêòèâíó íàóêîâó
äiÿëüíiñòü Ñàìó¨ë Àðîíîâè÷ ðîçïî÷àâ íà ïîñàäi çàâiäóâà÷à âiääiëó àñòðîôiçèêè Àñòðîíîìi÷íî¨ îáñåð-
âàòîði¨ òà ñòàðøîãî âèêëàäà÷à êàôåäðè òåîðåòè÷íî¨ ôiçèêè (1948�1950). Áóâ çàñòóïíèêîì äèðåêòî-
ðà ç íàóêîâî¨ ðîáîòè (1950�1953) òà ñòàðøèì íàóêîâèì ñïiâðîáiòíèêîì Àñòðîíîìi÷íî¨ îáñåðâàòîði¨
(1953�1956), êåðiâíèêîì ñòàíöi¨ îïòè÷íèõ ñïîñòåðåæåíü øòó÷íèõ ñóïóòíèêiâ Çåìëi (1957�1958), äî-
öåíòîì (1952�1957) òà ïðîôåñîðîì (1957�1961) êàôåäðè òåîðåòè÷íî¨ ôiçèêè. Äîêòîðñüêó äèñåðòàöiþ
íà òåìó �Ìåòîäè ãàçîäèíàìiêè ìiæçîðÿíîãî ñåðåäîâèùà� çàõèñòèâ ó âiöi 35 ðîêiâ (1.03.1957). ×èòàâ
êóðñè ëåêöié ç åëåêòðîäèíàìiêè, ìåõàíiêè ñóöiëüíèõ ñåðåäîâèù, òåðìîäèíàìiêè i ñòàòèñòè÷íî¨ ôi-
çèêè, òåîði¨ âèïðîìiíþâàííÿ, çàãàëüíî¨ òåîði¨ âiäíîñíîñòi, òåîðåòè÷íî¨ àñòðîôiçèêè òà âíóòðiøíüî¨
áóäîâè çið.
Ó ïàì'ÿòü ïðî íüîãî â 1980 ðîöi àñòåðî¨äó ïiä íîìåðîì 1987, ÿêèé âiäêðèëà Ïåëàãåÿ Øàéí â

Ñiìå¨çüêié îáñåðâàòîði¨ 1952 ðîêó, äàëè iì'ÿ �Êàïëàí�.

ÌÀÃÍÅÒÈÇÌ ÀÒÀÊÀÌIÒÓ

Î. Äåðæêî
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Àòàêàìiò çíàéøëè â ïóñòåëi Àòàêàìà (×èëi) é îïèñàëè òà íàçâàëè ùå â 1801 ðîöi [https://en.wik
ipedia.org/wiki/Atacamite#cite_note-Mindat-1]. Ïðèðîäó ìàãíåòèçìó àòàêàìiòó ç'ÿñóâàëè ÷åðåç
áiëüøå íiæ äâiñòi ðîêiâ [L. Heinze et al., Phys. Rev. Lett. 126, 207201 (2021)]. Ìè õî÷åìî ïåðåâiðèòè,
÷è ìåòîä äâî÷àñîâèõ ôóêöié �ðiíà, âèíàéäåíèé ïîíàä øiñòäåñÿò ðîêiâ òîìó [D. N. Zubarev, Sov.
Phys. Usp. 3, 320 (1960)], çäàòíèé ïîÿñíèòè ñïîñòåðåæóâàíi âëàñòèâîñòi àòàêàìiòó.
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ON ∗-MEASURES ON ULTRAMETRIC SPACES

Kh. Sukhorukova, M. Zarichnyi
Faculty of Mechanics and Mathematics, Ivan Franko National University of Lviv

A metric d on a set X is called an ultrametric if it satis�es the strong triangle inequality:

d(x, y) ≤ max{d(x, z), d(z, y)}, x, y, z ∈ X.

The ultrametric spaces were �rst introduced by F. Hausdor� in 1934. They �nd numerous applications
not only in mathematics but also in other disciplines, e.g. biology, physics [1,6,8], computer science [3],
logic programming and arti�cial intelligence [4], linguistics [5].
In [2] an ultrametric is de�ned on the set of probability measures of compact support on an ultrametric

space. It is shown that this construction determines a locally nonexpansive functor in the category of
ultrametric spaces and nonexpanding maps, and this functor �makes a useful building block for the de�-
nition of metric domains for probabilistic program constructs.�
By I we denote the unit segment [0, 1]. Recall that a triangular norm (a t-norm) is a continuous function

(a, b) 7→ a ∗ b : I × I → I satisfying the conditions: ∗ is associative; ∗ is commutative; ∗ is monotone, i.e.
a ≤ a′ and b ≤ b′ both imply a ∗ b ≤ a′ ∗ b′ for all a, a′, b, b′ ∈ I; 1 is a unit for ∗.
The notion of ∗-measure, where ∗ is a triangular norm, was introduced by the �rst named author [7].

The aim of the talk is to de�ne an ultrametric on the set of ∗-measures of compact support de�ned on
ultrametric spaces. The obtained construction determines a functor M∗ on the category of ultrametric
spaces and non-expanding maps. Also, this construction preserves completeness of ultrametric spaces.
The functor M∗ determines a monad on the category of ultrametric spaces and non-expanding maps.

This allows us to consider the games whose strategies are ∗-measures.

[1] B. Dragovich, A. Yu. Khrennikov, S. V. Kozyrev, I. V. Volovich, p-Adic Numbers, Ultrametric Anal. Appl. 1,
1 (2009).

[2] J. I. den Hartog, E. P. de Vink, Building Metric Structures with the Meas-Functor (Liber Amicorum Jaco de
Bakker, CWI, Amsterdam, 2002), p. 93.

[3] F. Murtagh, J. Classif. 21, 167 (2004).
[4] S. Priess-Crampe, P. Ribenboim, J. Logic Program. 42, 59 (2000).
[5] M. D. Roberts, Prague Bull. Math. Ling. 103, 111 (2015).
[6] R. Rammal, G. Touluse, M. A. Virasoro, Rev. Mod. Phys. 58 765 (1986).
[7] Kh. Sukhorukova, Spaces of non-additive measures generated by triangular norms, Proc. Intern. Geometry

Center, 2021 (submitted).
[8] M. O. Vlad, Phys. Lett. A 189 299 (1994).

WEBS, NIJENHUIS OPERATORS, AND HEAVENLY EQUATIONS

A. Panasyuk
Faculty of Mathematics and Computer Science,

University of Warmia and Mazury Olsztyn, Poland

Joint project with Adam Szereszewski, Warsaw University

In 1989 Mason and Newman proved that there is a 1�1-correspondence between self-dual metrics sati-
sfying the Einstein vacuum equation (in neutral signature) and pairs of commuting parameter depending
vector �elds X(λ), Y (λ) which are divergence free with respect to some volume form. Earlier (in 1975)
Plebanski showed instances of such vector �elds depending of one function of four variables satisfying the
so-called I or II Plebanski heavenly PDEs. Other PDEs leading to Mason�Newman vector �elds are also
known in the literature: Husain�Park (1992�94), Konopelchenko�Schief�Szereszewski (2021). In this talk
I will discuss these matters in the context of the classical web theory, i.e. theory of collections of foliations
on a manifold, founded by the Blaschke school of di�erential geometry at the beginning of XX century.
In particular I will show how to apply this theory for constructing new �heavenly� PDEs.
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ANALYTICAL AND NUMERICAL STUDIES OF IONIC LIQUIDS IN ULTRANARROW
METALLIC SLITS

M. Dudka
Institute for Condensed Matter Physics NASU, Lviv,

L4 Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig�Lorraine�Lviv�Coventry

Con�ned ionic liquids exhibit exciting physics and play an essential role in modern technology, parti-
cularly capacitive energy storage and conversion. In narrow conducting con�nements, the electrostatic
interactions between ions are exponentially screened, allowing the development of models with short-
range interactions that can provide analytical insights into the charge storage. In this contribution, I will
discuss a lattice model for ultranarrow slit pores admitting a single layer of ions. We map this problem onto
the well-known three state Blume-Capel model and solve it analytically within the Bethe-lattice approxi-
mation for the case of nearest neighbours interactions [1]. We analyse the phase behaviour and pore
charging in terms of pore ionophilicity, interionic interactions, and applied electrode potential. The phase
diagram includes the lines of �rst- and second-order, direct and re-entrant phase transitions, manifested by
singularities in the capacitance-voltage dependence [2]. Our calculations also reveal a correlation between
storing energy and ion ordering inside a pore [3]. We show that including the next nearest neighbour
interactions may lead to a modulated arrangement of ions, i.e. mesophases [4]. Despite the mean-�eld
character of our analytical calculations, we �nd a surprisingly good agreement between the theory and
Monte Carlo simulations of the same model.

[1] M. Dudka, S. Kondrat, A.A. Kornyshev, G. Oshanin, J. Phys.: Condens. Matter 28, 464007 (2016).
[2] Dudka, S. Kondrat, O. Benichou, A. A. Kornyshev, G. Oshanin, J. Chem. Phys. 151, 184105 (2019).
[3] Y. Groda, M. Dudka, G. Oshanin, A.A. Kornyshev, S. Kondrat (submitted, 2022).

ÄÅÊÎÃÅÐÅÍÒÍIÑÒÜ Ó ÂIÄÊÐÈÒÈÕ ÊÂÀÍÒÎÂÈÕ ÑÈÑÒÅÌÀÕ: ÂÏËÈÂ ÂÍÓÒÐIØÍÜÎ�
ÄÈÍÀÌIÊÈ ÎÒÎ×ÅÍÍß ÊÓÁIÒÀ

Â. Â. Iãíàòþê, Â. Ã. Ìîðîçîâ
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Óçàãàëüíåííÿì ñòàíäàðòíî¨ ïðî¹êöiéíî¨ òåõíiêè Öâàíöè à�Íàêàäæèìè îòðèìàíî íåìàðêiâñüêå
êåðóþ÷å ðiâíÿííÿ äëÿ âiäêðèòî¨ êâàíòîâî¨ ñèñòåìè. Ç öi¹þ ìåòîþ çàïèñàíî ñèñòåìó ðiâíÿíü äëÿ
çâåäåíèõ ìàòðèöü ãóñòèíè ñèñòåìè ϱS(t) òà òåðìîñòàòó ϱB(t). Ôîðìàëüíèé ðîçâ'ÿçîê ðiâíÿííÿ äëÿ
ϱB(t) ó äðóãîìó ïîðÿäêó çà âçà¹ìîäi¹þ ñïðè÷èíÿ¹ ïîÿâó äîñèòü ñïåöèôi÷íîãî äîäàòêîâîãî ÷ëåíà,
ïîâ'ÿçàíîãî ç âëàñíîþ äèíàìiêîþ òåðìîñòàòó. Öåé äîäàíîê ¹ íåëiíiéíèì ñòîñîâíî çâåäåíî¨ ìàòðèöi
ãóñòèíè ñèñòåìè ϱS(t) òà çàíóëÿ¹òüñÿ â ìàðêiâñüêié ãðàíèöi [1].
Äëÿ ïåðåâiðêè åôåêòèâíîñòi ïiäõîäó, ÿêèé çàïðîïîíóâàëè ìè, óçàãàëüíåííÿ ìåòîäó Öâàíöè à�

Íàêàäæèìè çàñòîñîâàíî äî ïðîñòî¨ ìîäåëi ç ðîçôàçóâàííÿì [2]. Îòðèìàíi êiíåòè÷íi ðiâíÿííÿ äî-
ñëiäæóâàëè ÿê ó ìàðêiâñüêîìó íàáëèæåííi, òàê i ïiä ÷àñ âèõîäó çà éîãî ìåæi (ñòîñîâíî äîäàíêà,
çâ'ÿçàíîãî ç âíóòðiøíüîþ äèíàìiêîþ òåðìîñòàòó) òà ïîðiâíþâàëè ç òî÷íèìè ðåçóëüòàòàìè [3]. Ïîêà-
çàíî [1], ùî âèðàçè äëÿ ïåðåíîðìîâàíîãî çíà÷åííÿ êîðåëÿöiéíîãî ñêëàäíèêà ôóíêöi¨ äåêîãåðåíòíîñòi
äàþòü äîñèòü äîáðó çáiæíiñòü iç òî÷íèìè ðåçóëüòàòàìè âæå â ÷åòâåðòîìó ïîðÿäêó çà âçà¹ìîäi¹þ.
Îòðèìàíi ðåçóëüòàòè òà çðîáëåíi âèñíîâêè äóæå äîáðå óçãîäæóþòüñÿ ç äàíèìè íåùîäàâíüî¨ ðîáîòè

[4], ó ÿêié ïðîáëåìàòèêó âíóòðiøíüî¨ äèíàìiêè òåðìîñòàòó ðîçãëÿíóòî â ìåæàõ ò. çâ. �êîðåëÿöiéíî-
ãî ïðåäñòàâëåííÿ�, ÿêå ïî¹äíó¹ ñêîðåëüîâàíèé ñòàí êóáiòà ç éîãî íåñêîðåëüîâàíèì âiäïîâiäíèêîì.
Ïîäiáíiñòü ðåçóëüòàòiâ, îòðèìàíèõ íåçàëåæíî îäèí âiä îäíîãî â ìåæàõ ðiçíèõ òåîðåòè÷íèõ ïiäõî-
äiâ, áåçñóìíiâíî, ïiäòâåðäæó¹ òó âàæëèâó ðîëü, ÿêó âiäiãðàþòü äèíàìi÷íi êîðåëÿöi¨ ó âiäêðèòèõ
êâàíòîâèõ ñèñòåìàõ, òà íåîáõiäíiñòü ¨õ óðàõóâàííÿ é äåòàëüíîãî àíàëiçó.

[1] V. V. Ignatyuk, V. M. Morozov, preprint arXiv: quant-ph/2112.05595 (2021); to appear in Condens. Matter
Phys. 25 (2022).

[2] J.  Luczka, Physica A 167, 919 (1990).
[3] V. G. Morozov, S. Mathey, and G. R�opke, Phys. Rev. A 85, 022101 (2012).
[4] S. Alipour et al., Phys. Rev. X 10, 041024 (2020).
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DNA THERMAL DENATURATION VIEWED AS A PHASE TRANSITION: SCALING LAWS AND
BEYOND

Yu. Honchar1,2,3, C. von Ferber2,3, Yu. Holovatch1,2,3
1Institute for Condensed Matter Physics, NASU, Lviv,

2L4 Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig�Lorraine�Lviv�Coventry,

3Centre for Fluid and Complex Systems, Coventry University, Coventry, United Kingdom

We consider the Poland�Scheraga model of DNA thermal denaturation, where the �unzipping� of DNA
double chain is viewed as a phase transition [1]. We apply polymer �eld theory to con�rm that this sort
of transition is in fact a �rst-order one. The order of phase transition is governed by the loop exponent c,
which may be calculated from other polymer entropy exponents. We show that DNA chain heterogeneity
increases the strength of the �rst order transition. For dimensionality d = 3 the exponents were obtained
from ε = 4− d expansions up to the fourth order, and also for d = 2 in the case of the so-called quantum
gravity the solution is exact. Additionally, presence of obstacles in the space around the molecule (�crowded
environment�) further reinforces the �rst-order transition.

[1] D. Poland, H. A. Sheraga, J. Chem. Phys. 45, 1456 (1966); https://doi.org/10.1063/1.1727785.
[2] Yu. Honchar, C. von Ferber, Yu. Holovatch, Physica A 573, 125917 (2021); https://doi.org/10.1016/j.phys

a.2021.125917.
[3] Yu. Holovatch, C. von Ferber, Yu. Honchar, Condens. Matter Phys. 24, 33603 (2021); https://doi.org/10.5

488/CMP.24.33603.

THE EFFECT OF SUPERNOVA EJECTA CLUMPINESS ON THE EARLY EVOLUTION OF
SUPERNOVA REMNANTS

T. Kuzyo, O. Petruk
Pidstryhach Institute for Applied Problems of Mechanics and Mathematics NASU, Lviv

A supernova explosion is followed by a strong shock wave propagating into the interstellar medium,
which forms a supernova remnant (SNR). After the explosion, the supernova remnant is composed of two
gas components: the shocked interstellar gas bounded by the forward shock and expanding stellar material
� supernova ejecta. The two components are separated by a contact discontinuity where hydrodynamical
instabilities arise. The early evolution of supernova remnants is characterized by the ejecta-driven stage
where the main properties of the forward shock and the post-shock �ow are shaped by the structure and
bulk mass of the stellar ejecta.
The ejecta non-uniformity changes hydrodynamical features of the post-shock structure and the distri-

bution of the magnetic �eld in SNRs. To understand how the internal structure of the supernova ejecta
a�ects post-shock structures in the SNR we have performed three-dimensional MHD simulations of the
early evolution of SNRs. Our numerical approach allows one to track details and features of the SNR
evolution across a wide range of spatial and temporal scales: starting from 2 years after the explosion up
to several thousands years.

×È ÂÈÊÎÍÀËÈ ÀÑÒÐÎÔIÇÈÊÈ ÏÐÀÂÈËÎ ÕIÍ×ËIÔÀ Ó 2019 ÐÎÖI?

Ì. Öiæ
Àñòðîíîìi÷íà îáñåðâàòîðiÿ, Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Ó öié íàïiâæàðòiâëèâié ðîáîòi ÿ äîñëiäæóþ çàãîëîâêè ñòàòåé ç àðõiâó ïðåðèíòiâ arXiv.org ç ðîç-
äiëó àñòðîôiçèêè (astro-ph) íà ïðåäìåò âèêîíàííÿ íå ìåíø æàðòiâëèâîãî �ïðàâèëà Õií÷ëiôà� [1].
Ñóòü éîãî ïîëÿãà¹ â òîìó, ùî çàçâè÷àé íàóêîâi ñòàòòi, íàçâè ÿêèõ ÿâëÿþòü ñîáîþ çàãàëüíå çàïèòàííÿ
(òîáòî çàïèòàííÿ, íà ÿêå ìîæëèâà âiäïîâiäü ëèøå ó ôîðìi �òàê�íi�), äàþòü íà íüîãî íåãàòèâíó âiä-
ïîâiäü. Ïðàâèëî Õií÷ëiôà áóëî ñôîðìóëüîâàíå ÿê åêñòðàïîëÿöiÿ çàêîíó Áåòòåðiäæà, ùî ìà¹ ñõîæå
ôîðìóëþâàííÿ, àëå ñòîñó¹òüñÿ íàóêîâî-ïîïóëÿðíèõ ñòàòåé ó ñôåði òåõíîëîãié.
Ïðîàíàëiçîâàíî 83 ñòàòòi, íàçâè ÿêèõ ñôîðìóëüîâàíi ÿê çàãàëüíi çàïèòàííÿ, ùî áóëè çàâàíòàæåíi

äî êàòåãîði¨ astro-ph ó 2019 ðîöi. Êîæíà çi ñòàòåé âiäíåñåíà äî îäíi¹¨ ç êàòåãîðié çà ñóòòþ âiäïîâiäi
íà çàäàíå â çàãîëîâêó çàïèòàííÿ: `êàòåãîðè÷íî íi', `ñêîðiøå íi', `ïðàâäà ïîñåðåäèíi', `ñêîðiøå òàê',
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`êàòåãîðè÷íî òàê'. Ó ðåçóëüòàòi òàêîãî ïðèáëèçíîãî àíàëiçó ìè ïåðåñâiä÷èëèñü, ùî öå ïðàâèëî ùî-
íàéìåíøå íå ¹ ñòðîãèì â àñòðîôiçèöi ó 2019 ðîöi, òèì ñàìèì, ÿê íå ïàðàäîêñàëüíî, ïiäñèëþþ÷è éîãî
çà äîïîìîãîþ öi¹¨ äîïîâiäi.

[1] S. M. Shieber, Ann. Improbable Res. 21, 18 (2015).

QUANTIFYING THE GEOMETRIC PROPERTIES OF GRAPH STATES ON A QUANTUM
COMPUTER

Kh. P. Gnatenko1, H. P. Laba2, V. M. Tkachuk1
1Professor Ivan Vakarchuk Department for Theoretical Physics,

Ivan Franko National University of Lviv, Ukraine,
2Department of Applied Physics and Nanomaterials Science,

Lviv Polytechnic National University

We study geometric properties of graph states of spin systems. The graph states are generated by the
operator of evolution with the Ising Hamiltonian. We have found that the velocity of quantum evolution
depends on the total number of edges in the graph, the curvature is related to the total number of edges
and squares in the graph, and the torsion is related to the total number of edges, triangles, and squares
in the graph. Graph states corresponding to chain, triangle, and square are considered. We detect the
geometric characteristics of the states on IBM's quantum computer [1].

[1] Kh. P. Gnatenko, H. P. Laba, V. M. Tkachuk, preprint arXiv:2108.12909 (2021).

MAGNETIC NANOPARTICLES IN A THIN ELASTIC FILM AS A SENSOR OF MECHANICAL
DEFORMATIONS � A THEORETICAL CONCEPT

K. K. Dudek, M. Mar�c, W. Wolak, A. Drzewi�nsk, M. R. Dudek
Institute of Physics, University of Zielona G�ora

The role of magnetic dipole-dipole interactions during the heating process of single-domain magnetic
nanoparticles in an external radio frequency (RF) magnetic �eld, when magnetic nanoparticles are densely
packed in a thin �exible �lm, is studied [1]. When a thin �lm is subjected to mechanical deformations,
nanoparticles change positions, which a�ects the interactions of magnetic dipoles. Consequently, during the
�lm deformation, the heating power (namely the speci�c absorption rates) of the magnetic nanoparticles
changes. In order to investigate this e�ect, a theoretical model was proposed and it was shown that the
stretchable magnetic �lm can act as a mechanical deformation sensor when an RF magnetic �eld is present.
Thus, the proposed concept can be used to design a sensor for medical applications.

[1] K. Dudek, M. Mar�c, W. Wolak, A. Drzewi�nski, M. Dudek, Phys. Status Solidi B 258, 1 (2021).

ÑÈÍÕÐÎÒÐÎÍÍÅ ÂÈÏÐÎÌIÍÞÂÀÍÍß ÇÀ ÍÀßÂÍÎÑÒI ÒÓÐÁÓËÅÍÒÍÎ� ÊÎÌÏÎÍÅÍÒÈ
ÌÀÃÍIÒÍÎÃÎ ÏÎËß

Î. Ïåòðóê1, Ð. Áàíäi¹ðà2
1Iíñòèòóò ïðèêëàäíèõ ïðîáëåì ìåõàíiêè i ìàòåìàòèêè ÍÀÍ Óêðà¨íè, Ëüâiâ,

2Îáñåðâàòîðiÿ Àð÷åòði Íàöiîíàëüíîãî iíñòèòóòó àñòðîôiçèêè Iòàëi¨, Ôëîðåíöiÿ

Òåîðiþ ñèíõðîòðîííîãî âèïðîìiíþâàííÿ ðåëÿòèâiñòñüêèõ åëåêòðîíiâ øèðîêî çàñòîñîâóþòü äëÿ ií-
òåðïðåòàöi¨ àñòðîíîìi÷íèõ ñïîñòåðåæåíü. Âîíà îïèñó¹, îäíàê, âèïðîìiíþâàííÿ àíñàìáëþ ÷àñòèíîê
ó âïîðÿäêîâàíîìó ìàãíiòíîìó ïîëi íàïðóæåíiñòþ B ç íóëüîâîþ êîìïîíåíòîþ âèïàäêîâîãî òóðáó-
ëåíòíîãî ìàãíiòíîãî ïîëÿ δB. Ñó÷àñíå áà÷åííÿ ôiçèêè ìiæçîðÿíîãî ñåðåäîâèùà, óäàðíèõ õâèëü òà
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ïðèñêîðåííÿ êîñìi÷íèõ ïðîìåíiâ çàñâiä÷ó¹ íàÿâíiñòü ÷è  åíåðàöiþ â àñòðîôiçè÷íèõ ñèñòåìàõ ïîìi-
òíî¨ òóðáóëåíòíî¨ êîìïîíåíòè ìàãíiòíîãî ïîëÿ. Ìè çàïðîïîíóâàëè óçàãàëüíåííÿ êëàñè÷íî¨ òåîði¨
ñèíõðîòðîííîãî âèïðîìiíþâàííÿ ç âiäíîøåííÿì δB/B ÿê ïàðàìåòðîì.

×ËÅÍ ØÎÒÒÀ I ÏÐÎÌÅÍÅÂÅ ÃÀËÜÌÓÂÀÍÍß ÏÎËßÐÈÇÎÂÀÍÎ� ÄÇÈ�È

À. Äóâiðÿê
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Äåÿêi øòó÷íî ñòâîðåíi íàíî÷àñòèíêè (ÿê-îò: ßíóñ-÷àñòèíêè [1], íàíîêðèñòàëè CdSe i CdS [2] ÷è
öåëþëîçè [3]) íåñóòü âiä äåñÿòêiâ äî òèñÿ÷ äåáà¨â âëàñíîãî äèïîëüíîãî ìîìåíòó, à äåÿêi îðãàíi÷íi íà-
íîêðèñòàëè ìîæóòü, âëàñíå êàæó÷è, ñÿãàòè 107D [4, cc. 387-390]. ßêùî òàêà âiëüíà ÷àñòèíêà øâèäêî
îáåðòà¹òüñÿ, òî âèïðîìiíþ¹ åëåêòðîìàãíåòíi õâèëi òà çàçíà¹ ïðîìåíåâî¨ ïðîòèäi¨, ÿêà ñïîâiëüíþ¹ ¨¨
îáåðòàííÿ � òî iíòåíñèâíiøå, ùî øâèäøå îáåðòàííÿ. Çà äîñÿãíóòèõ íåùîäàâíî  i àãåðöîâèõ ÷àñòîò
îáåðòàííÿ íàíî÷àñòèíîê [5] åôåêò ïðîìåíåâîãî ñïîâiëüíåííÿ ìîæå ñòàòè ïîìiòíèì â åêñïåðèìåíòàõ.
Ïðîìåíåâå ãàëüìóâàííÿ íàíî÷àñòèíîê ìîæíà îïèñóâàòè â ìåæàõ íåêâàíòîâî¨ íåðåëÿòèâiñòñüêî¨

çàäà÷i çà äîïîìîãîþ âèðàçó Àáðàãàìà�Ëîðåíöà äëÿ ñèëè ïðîìåíåâî¨ ïðîòèäi¨ frad òà ôîðìóëè Ëàð-
ìîðà äëÿ áàëàíñó åíåð i¨. Äëÿ 1-ãî çàðÿäó q, ðóõîìîãî ç ïðèñêîðåííÿì a = v̇,

frad =
2q2

3c3
ȧ,

dE

d t
= −2q2

3c3
a2.

Îáèäâi ôîðìóëè íå óçãîäæóþòüñÿ, îñêiëüêè ïîòóæíiñòü ðàäiàöiéíî¨ ïðîòèäi¨

frad · v = −2q2

3c3
a2 +

d

d t �
�
�Q

Q
Q

2q2

3c3
a · v

äà¹, îêðiì ëàðìîðiâñüêîãî âíåñêó, ùå é äîäàòêîâèé ÷ëåí Øîòòà � ïîâíó ïîõiäíó âiä ò. çâ. åíåð i¨
Øîòòà. Öÿ íåóçãîäæåíiñòü ¹ ïðåäìåòîì òðèâàëèõ äèñêóñié [6], àëå íà ïðàêòèöi ãîñòðî íå ñòî¨òü,
îñêiëüêè äëÿ êâàçiïåðiîäè÷íèõ ðóõiâ ÷àñòèíîê â àòîìàõ, ïàñòêàõ i ïðèñêîðþâà÷àõ ÷ëåí Øîòòà ¹
íåõòóâàíî ìàëèì.
Íàíî÷àñòèíêè ìîæíà ðîçãëÿäàòè ÿê ñòàáiëüíi êîìïëåêñè çàðÿäiâ iç äèïîëüíèì ìîìåíòîì d =∑
qr (ñóìà çà ÷àñòèíêàìè êîìïëåêñó), i äëÿ îïèñó ¨õíüîãî îáåðòîâîãî ðóõó äîñèòü ðiâíÿííÿ áàëàíñó

ìîìåíòó iìïóëüñó L =
∑

m r× v [7]. Ó [8] äâîìà ñïîñîáàìè îòðèìàíî ðiçíi ôîðìóëè:

dL

d t
= − 2

3c3
ḋ× d̈, òà

dL

d t
=

2

3c3
d×

...
d = − 2

3c3
ḋ× d̈ +

d

d t

2

3c3
d× d̈

???−→ 0,

ÿêi óçãîäæåíî òàì ïðèïóùåííÿì, ùî îñòàííié ÷ëåí òèïó Øîòòà ¹ íåõòóâàíî ìàëèì. Ïðèïóùåííÿ,
îäíàê, õèáèòü ó âèïàäêó îáåðòîâîãî ðóõó ñêií÷åííèõ ïîëÿðèçîâàíèõ ÷àñòèíîê [9].
Ùîá ïîêàçàòè öå, ðîçãëÿíóòî âiëüíó åëåêòðè÷íî íåéòðàëüíó äçè ó ÿê òâåðäå òiëî, ùî ìà¹ âëàñíèé

ñòàëèé åëåêòðè÷íèé äèïîëüíèé ìîìåíò. Ïîñòóïàëüíèé ðóõ òàêî¨ äçè è ¹ òðèâiàëüíèì çà iíåðöi¹þ, à
äëÿ îïèñó ¨¨ îáåðòàëüíîãî ðóõó âèêîðèñòàíî ðiâíÿííÿ áàëàíñó ìîìåíòó iìïóëüñó. Ðîçãëÿíóòî äâi âåð-
ñi¨ � ç ÷ëåíîì òèïó Øîòòà i áåç. Â îáîõ âèïàäêàõ ðiâíÿííÿ áàëàíñó çâîäÿòüñÿ äî íåëiíiéíèõ ðiâíÿíü
òèïó Îéëåðà, i ÿêùî äçè à àêñiàëüíî-ñèìåòðè÷íà, òî öi ðiâíÿííÿ iíòå ðîâíi. Îòðèìàíi ðîçâ'ÿçêè â
îáîõ âèïàäêàõ ñóòò¹âî âiäðiçíÿþòüñÿ îäèí âiä îäíîãî é ïðåäñòàâëÿþòü ðiçíi åâîëþöi¨ äçè è ç öiëêîì
ðiçíèìè êiíöåâèìè ñòàíàìè. Äèñêóòó¹òüñÿ ïðîáëåìà âèáîðó êîðåêòíîãî ðiâíÿííÿ áàëàíñó ìîìåíòó
iìïóëüñó.

[1] M. Lattuada, T. A. Hatton, Nano Today 6, 286 (2011).
[2] S. Shanbhag, N. A. Kotov, Psys. Chem. Lett. B 110, 12211 (2006).
[3] B. Frka-Petesic, B. Jean, L. Heux, Europhys. Lett. 107, 28006 (2014).
[4] H. Masuhara, H. Nakanishi, K. Sasaki, Single Organic Nanoparticles (Springer, Berlin, 2003).
[5] J. Ahn, Z. Xu, J. Bang, P. Ju, X. Gao, T. Li, Nat. Nanotechnol. 15, 89 (2020).
[6] Ø. Grøn. Am. J. Phys. 79, 115 (2011).
[7] A. Duviryak. Eur. Phys. J. D 74, 189 (2020).
[8] L. D. Landau, E. M. Lifshitz, The Clasical Theory of Fields (Elsevier, Boston, Mass., 1975).
[9] À. Äóâiðÿê, ïðåïðèíò ICMP 21-03U (2021).
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ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÎÁÅÐÒÎÂÈÕ ÂÈÐÎÄÆÅÍÈÕ ÊÀÐËÈÊIÂ

Ì. Âàâðóõ, Ä. Äçiêîâñüêèé, Ñ. Ñìåðå÷èíñüêèé
Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà,

e-mail: mvavrukh@gmail.com

Ó ìåæàõ åëåêòðîí-ÿäåðíî¨ ìîäåëi, ùî âðàõîâó¹ òâåðäîòiëüíå îáåðòàííÿ é ìiæ÷àñòèíêîâi êóëî-
íiâñüêi âçà¹ìîäi¨ [1], óïåðøå ç âèñîêîþ òî÷íiñòþ ðîçðàõîâàíî ìàñó, åíåð iþ, ìîìåíò iíåðöi¨, ôîðìó
ïîâåðõíi òà ïðèñêîðåííÿ íà åêâàòîði äëÿ õîëîäíèõ âèðîäæåíèõ êàðëèêiâ ó øèðîêié äiëÿíöi áåç-
ðîçìiðíèõ ïàðàìåòðiâ � êóòîâî¨ øâèäêîñòi Ω, ïàðàìåòðà ðåëÿòèâiçìó â öåíòði x0 òà çàðÿäó ÿäðà z.
Óñòàíîâëåíî, ùî âiäîìi çi ñïîñòåðåæåíü õàðàêòåðèñòèêè ìàñèâíèõ êàðëèêiâ íå ñóïåðå÷àòü ðîçðàõîâà-
íèì. Âèçíà÷åíî ìàêñèìàëüíi çíà÷åííÿ êóòîâî¨ øâèäêîñòi, çà ÿêèõ íàñòóïà¹ íåñòiéêiñòü íà åêâàòîði.
Îäåðæàíî îáìåæåííÿ íà ìàêñèìàëüíó ìàñó êàðëèêà ÿê ôóíêöiþ ïàðàìåòðiâ ìîäåëi. Ðîçâèíóòî ñïî-
ñiá âèçíà÷åííÿ ïàðàìåòðiâ ìîäåëi äëÿ êîíêðåòíîãî êàðëèêà çà âiäîìèìè çi ñïîñòåðåæåíü äàíèìè.
Îäåðæàíi ðåçóëüòàòè ðîçðàõóíêó õàðàêòåðèñòèê çàñòîñîâàíî äëÿ îöiíêè õàðàêòåðèñòèê êàðëèêà çà
âiäîìèì ïåðiîäîì îáåðòàííÿ (P = 25 ñ).

[1] Ì. Â. Âàâðóõ, Ñ. Â. Ñìåðå÷èíñüêèé, Í. Ë. Òèøêî, Íîâi ìîäåëi â òåîði¨ ñòðóêòóðè âèðîäæåíèõ êàðëèêiâ:

ìîíîãðàôiÿ (Ðàñòð-7, Ëüâiâ, 2018).

QUANTUM WAVE IMPEDANCE CALCULATION FOR AN ARBITRARY PIECEWISE
CONSTANT POTENTIAL

O. Hryhorchak
Professor Ivan Vakarchuk Department for Theoretical Physics,

Ivan Franko National University of Lviv
e-mail: Orest.Hryhorchak@lnu.edu.ua

A method of the determination of quantum wave impedance for an arbitrary piecewise constant potential
was developed. On the basis of this method, both the well-known iterative formula [1] and alternative
ways of calculating quantum wave impedance were derived. The general form of the wave function of
bound states for an arbitrary piecewise constant potential was obtained as well as the transmission and
re�ection coe�cients in a scattering case. The application of the method was demonstrated on the system
of double barriers.

[1] A. N. Khondker, M. R. Khan, A. F. M. Anwar, J. Appl. Phys, 63, 5191 (1988).

IMPACT OF PRIMORDIAL MAGNETIC FIELD ON THE EMISSION OF THE FIRST
MOLECULES IN THE DARK AGES

Yu. Kulinich, B. Novosyadlyj
Ivan Franko National University of Lviv

The primordial magnetic �eld, if it exists, can heat the weakly ionized baryonic gas of the early Universe
due to the ambipolar di�usion and decaying turbulence. We study the impact of this heating mechanism on
the kinetics of chemical reactions and collisional activation of low rotational levels of the �rst molecules
in the Cosmic Dark Ages. The minimal set of chemical reactions was used in the molecular kinetics
in a weakly ionized plasma composed of Hydrogen, Deuterium, and Helium atoms and CMB photons.
The occupations of low rotational levels were calculated for diatomic molecules H 2 and HD and the
helium hydride ions, HeH+, taking into account the collisional processes with atoms of hydrogen, protons,
electrons and CMB photons. The emission in the lines of transitions between the lowest rotational levels
of the �rst molecules, H 2 , HD and HeH+, coming from the Dark Ages epoch is analyzed. It is shown that
emission from the �rst molecules lies in the same frequency range as the CMB and its spectral distortions.
The intensity of this emission strongly depends on the primordial magnetic �eld strength that has the
maximum allowed value in the present epoch ∼ 3 nG. In this case, �ux coming from primordial molecules
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is comparable to the known CMB spectral distortions that are targets of such planning research missions
as FIRAS, PIXIE, PRISM, PRISTINE, Super-PIXIE, and Voyage 2050.

[1] A. N. Khondker, M. R. Khan, A. F. M. Anwar, J. Appl. Phys, 63, 5191 (1988).

ÌÀÃÍIÒÍÅ ÏÎËÅ Â ÇÀËÈØÊÓ ÍÀÄÍÎÂÎ� 1987A

Â. Áåøëåé, Î. Ïåòðóê
Iíñòèòóò ïðèêëàäíèõ ïðîáëåì ìåõàíiêè i ìàòåìàòèêè iì. ß. Ñ. Ïiäñòðèãà÷à ÍÀÍ Óêðà¨íè, Ëüâiâ

Çàëèøîê SN1987A ¹ íàñëiäêîì âèáóõó íàäíîâî¨ ó Âåëèêié Ìàãåëëàíîâié Õìàði. Éîãî ñòðóêòóðà
äîáðå äîñëiäæåíà çà äîïîìîãîþ ñó÷àñíèõ ìåòîäiâ ñïîñòåðåæåííÿ. Íàäíîâà ñïàëàõíóëà â íåîäíîði-
äíîìó ñåðåäîâèùi ñêëàäíî¨ ñòðóêòóðè, ùî ðîáèòü îïèñ åâîëþöi¨ çàëèøêó äîñèòü ñêëàäíèì. Ó ðîáîòi
[1] ðîçãëÿíóòî åâîëþöiþ ìàãíiòíîãî ïîëÿ â çàëèøêó. Çà ïî÷àòêîâó êîíôi óðàöiþ ïîëÿ âèêîðèñòàíî
ìîäåëü Ïàðêñà. ×èñåëüíå ìàãíiòîãiäðîäèíàìi÷íå ìîäåëþâàííÿ âäàëî ïîÿñíþ¹ ñïîñòåðåæóâàíi êðè-
âi áëèñêó, åâîëþöiþ ñïåêòðiâ òà ìîðôîëîãiþ â ðåíò åíiâñüêîìó äiàïàçîíi [1]. Äëÿ öi¹¨ ìîäåëi ìè
ðîçðàõîâóâàëè êàðòè ïîëÿðèçàöi¨ òà ïîêàçàëè, ùî âèêîðèñòàíà ìîäåëü ìàãíiòíîãî ïîëÿ íå ïîÿñíþ¹
ñïîñòåðåæóâàíèõ êàðò ïîëÿðèçàöi¨ ðàäiîâèïðîìiíþâàííÿ [2]. Ìè ðîçðîáèëè ìåòîä ðåêîíñòðóêöi¨ ìà-
ãíiòíîãî ïîëÿ âñåðåäèíó çàëèøêó íà îñíîâi ãiäðîäèíàìi÷íèõ ìîäåëþâàíü, ùî äàëî çìîãó çíàéòè
êîíôi óðàöiþ ïî÷àòêîâîãî ìàãíiòíîãî, ÿêà ïiñëÿ åâîëþöi¨ çàëèøêó âiäïîâiäà¹ ñó÷àñíèì ñïîñòåðåæó-
âàíèì êàðòàì ïîëÿðèçàöi¨.

[1] S. Orlando et. al., Astron. Astrophys. 622, A73 (2019).
[2] G. Zanardo et. al., Astrophys. J. Lett. 861, L9 (2018).

CLASSICAL COSMOLOGY WITH MINIMAL LENGTH UNCERTAINTY RELATION

M. I. Samar
rofessor Ivan Vakarchuk Department for Theoretical Physics,

Ivan Franko National University of Lviv

The e�ects of the minimal length uncertainty relation on the classical de Sitter and anti-de Sitter
cosmological models is studied in the general case of deformed space. We obtain exact solutions for these
models in the case of some special choices of deformed spaces with minimal length and minimal or maximal
momentum. It is shown that minimal length might a�ect and even change the in�ationary nature of the
de Sitter cosmology. The anti-de Sitter model with deformation has oscillatory behaviour, but depending
on the choice of the deformation function, the period of oscillations can be larger or smaller compared to
the undeformed model.

PARAMAGNETIC CENTRES IN BORATE GLASSES INDUCED BY IONIZING RADIATION

B. Padlyak
Division of Spectroscopy of Functional Materials, University of Zielona G�ora, Institute of Physics,

Vlokh Institute of Physical Optics, Department of Optical Materials, Lviv

The un-doped lithium tetraborate (Li2B4O7) and other borate single crystals are characterized by very
high radiation stability to the in�uence of di�erent kinds of ionizing radiation. Particularly, only fast and
thermal neutrons of high �uence (more than 1015 cm−2) lead to the generation of stable paramagnetic
centres in the lattice of Li2B4O7 single crystals [1,2]. This work is devoted to the study of the nature and
structure of the radiation-induced paramagnetic centres in some borate glasses with chemical compositions
similar to corresponding single crystals.
The X-band electron paramagnetic resonance (EPR) spectra of borate glasses with chemical composi-

tions of Li2B3O5, SrB4O7, CaB4O7, Li2B4O7, KLiB4O7, SrB6010, and LiCsB6010, irradiated at room
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temperature with high doses of γ-rays (107 Gy) and X-rays (1�2104 R) were registered and interpreted.
Un-doped borate glasses of high chemical purity and optical quality were obtained from corresponding
polycrystalline compounds by fast cooling of their melts under the technological conditions described in
[3]. The EPR spectroscopy of the γ- and X-irradiated borate glasses shows a presence of radiation-induced
paramagnetic centres stable at room temperature practically in all investigated glasses. Detailed analysis
of the observed EPR spectra shows that the registered spectra belong to radiation-induced paramagnetic
centres that can be described within the framework of the model of the O− hole centres, located in di�erent
network sites of the studied glasses. The 4-component EPR spectrum of the O− centres is related to the
superhyper�ne (SHF) structure, caused by the interaction of the unpaired electron spin with one nearest
nucleus of the 11B magnetic isotope (nuclear spin I = 3/2, natural abundance −80.1%). In the irradiated
borate glasses, we also observed a weak EPR signal with the 7-component SHF structure that belongs
to the O− centres, localized near one nucleus of the 10B isotopes (nuclear spin I = 3, natural abundance
−19.9%). The unstructured anisotropic EPR signal, observed in the irradiated borate glasses, is ascribed
to the O− hole centres, located in the glass network near non-magnetic isotopes. EPR spectra of ani-
sotropic O− hole centres without SHF structure were observed previously by us in the neutron-irradiated
Li2B4O7 single crystals [1,2] as well as in the γ- and X-irradiated glasses of the CaO − Ga2O3 − GeO2

system [4].
The features of EPR spectra, electronic and local structure of the radiation-induced centres in the borate

glasses with di�erent chemical composition are discussed in comparison with available published data of
EPR spectroscopy of the γ-, X-, and neutron-irradiated borate crystals and glasses. Possible applications
of the studied borate glasses for radiation protection dosimetry as well as for di�erent devices in space
systems are considered.

STUDYING THE SPIN-1 TUNNELING ON A QUANTUM COMPUTER

Kh. P. Gnatenko, V. M. Tkachuk
Professor Ivan Vakarchuk Department for Theoretical Physics,

Ivan Franko National University of Lviv

The phenomenon of tunneling of spin-1 between two opposite directions is simulated on a quantum
computer. An algorithm for studying that phenomenon is proposed and corresponding quantum protocols
are constructed. We observe the spin-1 tunneling and degeneracy of energy levels known as quantum spin
tunneling splitting on the IBM's quantum devise ibmq-bogota.
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ÄÎ 70-ÐI××ß ÁÎÃÄÀÍÀ ÃÍÀÒÈÊÀ

IN HONOUR OF BOHDAN HNATYK ON THE OCCASION OF HIS 70th BIRTHDAY

Áîãäàíîâi Iâàíîâè÷ó Ãíàòèêó, ëiäåðîâi äîñëiäæåíü â
àñòðîôiçèöi âèñîêèõ åíåð ié â Óêðà¨íi, 22 ñi÷íÿ âèïîâíèëîñÿ
70 ðîêiâ.
Áîãäàí Ãíàòèê íàðîäèâñÿ â ðîäèíi ïåðåñåëåíöiâ iç Ëåìêiâ-

ùèíè â ñ. Áåðåæàíöi Áîðùiâñüêîãî ðàéîíó Òåðíîïiëüñüêî¨
îáëàñòi. Ñåðåäíþ øêîëó â ì. Ñàìáîði çàêií÷èâ 1969 ðîêó é
òîäi æ ðîçïî÷àâ íàâ÷àííÿ íà ôiçè÷íîìó ôàêóëüòåòi Ëüâiâ-
ñüêîãî äåðæàâíîãî óíiâåðñèòåòó iìåíi Iâàíà Ôðàíêà. Éîãî
íàóêîâèì êåðiâíèêîì ùå â ñòóäåíòñüêi ðîêè ñòàâ Iâàí Êëè-
ìèøèí, âiäîìèé àñòðîôiçèê òà ïîïóëÿðèçàòîð àñòðîíîìi¨.
Ïiä éîãî âïëèâîì Á. Ãíàòèê òàêîæ ïî÷àâ çàéìàòèñÿ êîñìi÷-
íîþ ãàçîäèíàìiêîþ, ÿêó çàïî÷àòêóâàâ ó Ëüâîâi Ñ. Êàïëàí,
êåðiâíèê I. Êëèìèøèíà. Çäîáóòòÿ óíiâåðñèòåòñüêî¨ îñâiòè
1974 ðîêó çàñâiä÷èâ äèïëîì iç âiäçíàêîþ. Òîäi æ ìîëîäèé
ó÷åíèé ðîçïî÷àâ ðîáîòó â Iíñòèòóòi ïðèêëàäíèõ ïðîáëåì ìå-
õàíiêè i ìàòåìàòèêè Àêàäåìi¨ íàóê ÓÐÑÐ ó Ëüâîâi, äå éîãî ïiäòðèìàâ âiäîìèé ìàòåìàòèê ïðîôåñ-
ñîð Âiòàëié Ñêîðîáîãàòüêî. Çàâäÿêè ïðîôåñîðîâi òà çà ñïðèÿííÿ àêàäåìiêà ßðîñëàâà Ïiäñòðèãà÷à ó
âiääiëi òåîði¨ äèôåðåíöiàëüíèõ ðiâíÿíü ñôîðìóâàâñÿ êîëåêòèâ ìîëîäèõ íàóêîâöiâ, ùî ðîçïî÷àëè äî-
ñëiäæåííÿ â ãàëóçi çàãàëüíî¨ òåîði¨ âiäíîñíîñòi òà àñòðîôiçèêè. Êàíäèäàòñüêà äèñåðòàöiÿ Á. Ãíàòèêà
áóëà ïðèñâÿ÷åíà ôiçèöi óäàðíèõ õâèëü (1983), à äîêòîðñüêà � íåñòàöiîíàðíèì âèñîêîòåìïåðàòóðíèì
ïðîöåñàì ó êîñìi÷íié ïëàçìi (1997). Âiä 1998 ðîêó âií îáiéìà¹ ïîñàäó ïðîâiäíîãî íàóêîâîãî ñïiâðî-
áiòíèêà IÏÏÌÌ iì. ß. Ñ. Ïiäñòðèãà÷à ÍÀÍ Óêðà¨íè. Çà ñóìiñíèöòâîì ó 1991�1996 ðîêàõ ïðàöþâàâ
ñòàðøèì íàóêîâèì ñïiâðîáiòíèêîì Àñòðîíîìi÷íî¨ îáñåðâàòîði¨ Ëüâiâñüêîãî óíiâåðñèòåòó iìåíi Iâàíà
Ôðàíêà, à â 1996�2001 ðîêàõ � äîöåíòîì êàôåäðè àñòðîôiçèêè öüîãî æ óíiâåðñèòåòó, äî âiäêðèòòÿ
ÿêî¨ äîêëàâ áàãàòî çóñèëü.
2001 ðîêó Á. Ãíàòèêà çàïðîøåíî î÷îëèòè Àñòðîíîìi÷íó îáñåðâàòîðiþ Êè¨âñüêîãî íàöiîíàëüíîãî

óíiâåðñèòåòó iìåíi Òàðàñà Øåâ÷åíêà, ùî ïiäñèëèëî íàóêîâî-îñâiòíþ é îðãàíiçàöiéíó äiÿëüíiñòü öi¹¨
óñòàíîâè. Çîêðåìà, çàñíîâàíî íîâèé íàïðÿì íàóêîâèõ äîñëiäæåíü ç àñòðîôiçèêè âèñîêèõ åíåð ié
òà çàïî÷àòêîâàíî ùîði÷íi çàãàëüíîóêðà¨íñüêi êîíôåðåíöi¨ �Ðåëÿòèâiñòñüêà àñòðîôiçèêà,  ðàâiòàöiÿ
i êîñìîëîãiÿ�, ÿêi âiäòîäi ùîðîêó îðãàíiçîâó¹ òà ãîñòèííî ïðèéìà¹ Àñòðîíîìi÷íà îáñåðâàòîðiÿ Êè-
¨âñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi Òàðàñà Øåâ÷åíêà. Âiä 2008 ðîêó é äîòåïåð Á. Ãíàòèê �
ïðîâiäíèé íàóêîâèé ñïiâðîáiòíèê öi¹¨ îáñåðâàòîði¨, ïðîôåñîð çi ñïåöiàëüíîñòi 104: Ôiçèêà òà àñòðî-
íîìiÿ (âiä 2017 ðîêó). ×èòà¹ ñòóäåíòàì ÊÍÓ iìåíi Òàðàñà Øåâ÷åíêà êóðñè �Êîñìi÷íà ãàçîäèíàìiêà�,
�Ñó÷àñíi ïðîáëåìè àñòðîôiçèêè�, �Àñòðîôiçèêà âèñîêèõ åíåð ié�. Áîãäàí Ãíàòèê ¹ ÷ëåíîì ðåäêîëåãié
êiëüêîõ íàóêîâèõ æóðíàëiâ, à ñàìå: �Êiíåìàòèêà i ôiçèêà íåáåñíèõ òië�, �Æóðíàë ôiçè÷íèõ äîñëi-
äæåíü�, �Äîñÿãíåííÿ àñòðîíîìi¨ òà ôiçèêè êîñìîñó�, �Âiñíèê Êè¨âñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó
iìåíi Òàðàñà Øåâ÷åíêà. Àñòðîíîìiÿ�, �Âiñíèê ÍÒØ. Ñåðiÿ ôiçè÷íà�. Âií � ÷ëåí ñïåöiàëiçîâàíî¨ â÷å-
íî¨ ðàäè iç çàõèñòó äèñåðòàöié ó ÃÀÎ ÍÀÍ Óêðà¨íè, Iíñòèòóòi êîñìi÷íèõ äîñëiäæåíü ÍÀÍ òà ÄÊÀ
Óêðà¨íè; ÷ëåí Åêñïåðòíî¨ ðàäè ç àñòðîíîìi¨ Âèùî¨ àòåñòàöiéíî¨ êîìiñi¨ Óêðà¨íè (2003�2006 ðð.);
åêñïåðò ñåêöi¨ �ßäåðíà ôiçèêà, ðàäiîôiçèêà òà àñòðîíîìiÿ� Íàóêîâî¨ ðàäè ÌÎÍ Óêðà¨íè (ó ðîêàõ
2012�2015 é âiä 2019 äîíèíi); ðåöåíçåíò ðÿäó íàóêîâèõ æóðíàëiâ. Áîãäàí Ãíàòèê áóâ îïîíåíòîì
íèçêè êàíäèäàòñüêèõ òà äîêòîðñüêèõ äèñåðòàöié, çîêðåìà é çà êîðäîíîì (Óíiâåðñèòåò ì. Ïîòñäàì,
Íiìå÷÷èíà, 2020 ð.). Ïiä éîãî êåðiâíèöòâîì çàõèùåíî 6 êàíäèäàòñüêèõ òà 1 äîêòîðñüêó äèñåðòà-
öiþ. Éîãî ó÷íi ïðàöþþòü ÿê â óêðà¨íñüêèõ íàóêîâèõ çàêëàäàõ, òàê i â ïðåñòèæíèõ ¹âðîïåéñüêèõ
äîñëiäíèöüêèõ öåíòðàõ.
Íàóêîâi çàöiêàâëåííÿ Áîãäàíà Ãíàòèêà îõîïëþþòü àñòðîôiçèêó êîñìi÷íèõ ïðîìåíiâ,  åíåðóâà-

ííÿ ðåíò åíiâñüêîãî òà ãàììà-âèïðîìiíþâàííÿ, âèñîêîåíåð åòè÷íi ïðîöåñè ó Âñåñâiòi, ÿêi ñóïðî-
âîäæóþòüñÿ óäàðíèìè õâèëÿìè, ìàãíiòîãiäðîäèíàìi÷íi ìîäåëi àñòðîôiçè÷íèõ îá'¹êòiâ. Âií àâòîð
170 íàóêîâèõ ñòàòåé, òðüîõ ìîíîãðàôié, ÷èñëåííèõ âèñòóïiâ íà êîíôåðåíöiÿõ, êåðiâíèêîì íàóêî-
âèõ  ðàíòiâ ÍÀÍ Óêðà¨íè, ÌÎÍ Óêðà¨íè, ÄÔÔÄ Óêðà¨íè. Ó÷àñíèê Êîëàáîðàöi¨ Global Cosmic
Ray Observatory (ç 2021 ð.); áóâ êîîðäèíàòîðîì óêðà¨íñüêî¨ ñòîðîíè â ìiæíàðîäíèõ êîñìi÷íèõ
ïðî¹êòàõ GAMMA-400 (2011�2016), Ñïåêòð-Ðåíò åí-Ãàììà (1993�1994); ¹ êîîðäèíàòîðîì ñïiëüíîãî
øâåéöàðñüêî-óêðà¨íñüêîãî ïðî¹êòó �Âiðòóàëüíà ãàììà- òà ðåíò åíiâñüêà îáñåðâàòîðiÿ (VIRGO)� (âiä
2005 äîòåïåð), äå ìîëîäi íàóêîâöi îïàíîâóþòü óìiííÿ àíàëiçóâàòè äàíi êîñìi÷íèõ ìiñié, ÿêi ñïîñòåði-
ãàþòü âèñîêîåíåð åòè÷íå âèïðîìiíþâàííÿ. Áîãäàí Iâàíîâè÷ áóâ îäíèì ç îðãàíiçàòîðiâ òðèñòîðîííüî¨
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Ïðîãðàìè �Äîñëiäæåííÿ ñòðóêòóðè òà ñêëàäó Âñåñâiòó, ïðèõîâàíî¨ ìàñè i òåìíî¨ åíåð i¨� (�Êîñìîìiê-
ðîôiçèêà�), ÿêà ìàëà îá'¹äíàòè çóñèëëÿ íàóêîâöiâ Íàöiîíàëüíî¨ àêàäåìi¨ íàóê Óêðà¨íè, Êè¨âñüêîãî
íàöiîíàëüíãî óíiâåðñèòåòó iìåíi Òàðàñà Øåâ÷åíêà òà óíiâåðñèòåòiâ Óêðà¨íè, ïiäïîðÿäêîâàíèõ ÌÎÍ
Óêðà¨íè. Õî÷à ïðîãðàìà âïðîäîâæ 2003�2011 ðîêiâ ìàëà ïiäòðèìêó ëèøå ç áîêó Àêàäåìi¨, çàâäÿ-
êè éîãî åíòóçiàçìó, áàæàííþ é óìiííþ îá'¹äíóâàòè â ãàðìîíiéíié ñïiâïðàöi íàóêîâöiâ Êè¨âñüêîãî
òà Ëüâiâñüêîãî óíiâåðñèòåòiâ é Àêàäåìi¨ âîíà ïðèíåñëà áàãàòîïëàíîâi íàóêîâi äîñÿãíåííÿ. Ùå îäíå
éîãî çíà÷íå äîñÿãíåííÿ � öå ó÷àñòü Óêðà¨íè ñåðåä 25 äåðæàâ-÷ëåíiâ ó ìiæíàðîäíîìó íàóêîâîìó
ïðî¹êòi Cherenkov Telescope Array (CTA) ç ïîáóäîâè òà åêñïëóàòàöi¨ ñèñòåìè íàçåìíèõ òåëåñêîïiâ çi
ñïîñòåðåæåííÿ ãàììà-âèïðîìiíþâàííÿ êîñìi÷íèõ äæåðåë.
Ïðîôåñîð Á. Ãíàòèê � ÷ëåí Íàóêîâîãî òîâàðèñòâà iì. Øåâ÷åíêà, Óêðà¨íñüêî¨ àñòðîíîìi÷íî¨ àñî-

öiàöi¨, �âðîïåéñüêîãî àñòðîíîìi÷íîãî òîâàðèñòâà òà Ìiæíàðîäíîãî àñòðîíîìi÷íîãî ñîþçó. 1999 ðîêó
Áîãäàí Ãíàòèê ó ñêëàäi êîëåêòèâó áóâ âiäçíà÷åíèé ïðåìi¹þ iì. Ì. Ï. Áàðàáàøîâà ÍÀÍ Óêðà¨íè â
ãàëóçi àñòðîíîìi¨ çà öèêë ðîáiò �Ðîçðîáêà ìåòîäiâ áàãàòîâèìiðíî¨ ãàçîäèíàìiêè òà ¨õ çàñòîñóâàííÿ
äî àêòóàëüíèõ ïðîáëåì ñó÷àñíî¨ àñòðîôiçèêè�, 2009 ðîêó îòðèìàâ âiäçíàêó Íàöiîíàëüíî¨ àêàäåìi¨
íàóê Óêðà¨íè �Çà ïiäãîòîâêó ìîëîäî¨ çìiíè�, à öüîãîði÷ âiäçíà÷åíèé Ïî÷åñíîþ ãðàìîòîþ Êè¨âñüêîãî
íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi Òàðàñà Øåâ÷åíêà çà îñîáëèâî âèäàòíi çàñëóãè ïåðåä Êè¨âñüêèì
íàöiîíàëüíèì óíiâåðñèòåòîì.
Âèñîêèé ïðîôåñiîíàëiçì, íåçìiííèé óïðîäîâæ ïiâñòîëiòòÿ åíòóçiàçì ó ñòàâëåííi äî íàóêè, ùèðî-

ñåðäíiñòü i äîáðîçè÷ëèâiñòü, äîòðèìàííÿ âèñîêèõ ïðèíöèïiâ ó íàóöi é àêòèâíà ãðîìàäÿíñüêà ïîçèöiÿ
çàáåçïå÷èëè Áîãäàíîâi Iâàíîâè÷ó ñèìïàòiþ i ãëèáîêó ïîâàãó êîëåã â Óêðà¨íi òà ïîçà ¨¨ ìåæàìè, ó÷íiâ,
äðóçiâ òà ñòóäåíòñüêî¨ ìîëîäi.
Óïåâíåíi, ùî éîãî äîñâiä i òàëàíò, îïòèìiçì i âiðà ó ñâiòëå ïðèéäåøí¹ Óêðà¨íè ïðèíåñóòü âàãîìi

çäîáóòêè íàøîìó ñóñïiëüñòâó. Íåõàé ìóçà Óðàíiÿ é íàäàëi îïiêó¹òüñÿ éîãî íàòõíåííÿì!

Äðóçi òà êîëåãè ç Iíñòèòóòó ïðèêëàäíèõ ïðîáëåì ìåõàíiêè i ìàòåìàòèêè iì. ß. Ñ. Ïiäñòðèãà-
÷à ÍÀÍ Óêðà¨íè, Ëüâiâñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi Iâàíà Ôðàíêà, Êè¨âñüêîãî íàöiî-
íàëüíîãî óíiâåðñèòåòó iìåíi Òàðàñà Øåâ÷åíêà, Ãîëîâíî¨ àñòðîíîìi÷íî¨ îáñåðâàòîði¨ ÍÀÍ Óêðà¨íè,
ðåäêîëåãiÿ �Æóðíàëó ôiçè÷íèõ äîñëiäæåíü�
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