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Scientific heritage of Lviv is rather diverse including names, schools,
traditions, buildings, and musenms associated with various fields of sci-
ence such as philosophy, astronomy. physics, mathematics, medicine,
chemistry, biology, ete.

Keeping in mind the primary topics of Statphys 2019, namely: (i)
modern trends and applications in statistical physies and (ii) the 110th
anniversary of M M Bogolyubov, main attention of this contribution will
be turned out to the names of Marian Smoluchowski and Department for
Theoretical Physics of Lviv University, Stanislav Ulam and Lviv Poly-
technic University, Stefan Banach and Lviv school of mathematics, as
well as Igor Yukhnovskii and Institute for Condensed Matter Physics.




Institute for Condensed Matter Physics
of the Natl. Acad. Sci. of Ukraine

1969 Lviv Department for Statistical Theory of Condensed Matter @
Institute for Theoretical Physics (Kyiv) of the Academy of Sciences of
Ukr SSR

1980 Lviv Division of Statistical Physics @
Institute for Theoretical Physics (Kyiv) of the Academy of Sciences of
Ukr SSR, composed of 3 Departments:
Department for Statistical Theory of Condensed Matter,
Department for Theory of Solutions,
Department for Quantum Statistics

1990 Institute for Condensed Matter Physics of the Academy of Sciences of
Ukr SSR



Institute for Condensed Matter Physics
of the Natl. Acad. Sci. of Ukraine
as of 2003
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1245 - 1349

Kingdom of Halych-Volynia was onc of the several most important
powers to emerge from the collapse of Kyivan Rus® in 1240, After the
Mongol invasion, in 1245 Pope Innocent IV allowed prince Danylo to
be crowned King, Under Danylo’s reign, Kingdom of Halych-Volynka
was one of the most powerful states in east central Europe. Over 80
culturally rich towns and cities were located in the Kingdom.
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Polish-Lithuanian Commonwealth 1635

Polish: Lithuandan Comyne mealth
01635
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1804 - 1918
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1920 - 1939
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von Zinkithyl.

Selbstverstindlich lafst sich der Apparal ouch so ‘
weiteren Versachen mit dem gewonnenes Zinkathyl be
Will man z. B. eine Flussigheit anf Zinkathyl vinwirken
so nimmt man das Rohr b aus dem Kork und stee
cine Glashahnpipette in die Oeffnnng. Bei hefligen B
nen gebildele Dimpfe condensiren sich im Kuhler o
fsen zuriick.

Hat man Koblensiureapparate zor Verligung nach Art
des Wasserstoflentwickelun gsgefilses un der Dabereiner’-
wie leicht einzasehen,

schen Zgndmaschine, so lifst sich,

der Appurat noch einfacher und xweckmifsiger vinrichten.

—_—

3. Notiz aber das Cholestearing

von Prof.” Plawer
Die Bedentanz, welche dag Cholesiearin fur den Physio=
sen durch sein Vorkommen im (hierischen Organismas und
womentlioh dureh sein constantes Aofieelen bei allen regres-
siven Metomorphosen  1hivrischer Gewebe gewinnt, bewog
mich vor chger Zeit,

lich zu dem Zwocke

Versuche uber diesen Korper naments

anzustellen, um de nselben aus seiner

isolirten Stellung i chemischen Systeme zu befreien und

dadurch  vielleicht  Anhaltspunkte  zur Bearthetlung  seiner
Rolle im Thicrkirper za gewinnen,

Die Hinweisung auf die Richtung der einzuschiagenden
Versuche schien mir in der Bemerkung Gerhardl's ¢
JDaprés la composition de ces hydrocarbures ( Cholestériline
et Cholestérone) b cholestérine semble élre une espéce d'aleool*
zu liegen, (Traité de chim, org. pur Gerhardt Il 739.)

Nach dem Rathe Prof. Pebal’s liefs ich Phosphorchio~

rid auf Cholestearin einwirken, wodurch ich eine w

.Leopold Pebal
(1826 — 1887)

Julis Planer
(1827 — 1881)
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Department of Theoretical Physics, University of Lviv
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1899 - Privatdozent of mathematical physics

1899 - Chair of Theoretical Physics
(after the late Professor Oskar Fabian)

1900 - Extraordinary (associate) professor
1903 - Ordinary (full) professor

1906/1907 - Dean of the Philosophical Faculty

1913 — moved to Krakow

Marian Smoluchowski
(1872 - 1917)



Prof. Maryan Ritter von Smolan Smoluchowski

While working at the University of Lviy,
Marian Smoluchowski authored over 90
publications. The variety of subjects
covered by these works is astonishing:
Brownian motion, critical opalescence
phenomenon, properties of viscous liquids,
heat conduction in rarefied gases and in
pulverized medium, etc.

However, major contributions was into
development of the kinetic theory and
molecular structure of matter

« A =CV2r

4. Zur Rinetischen Theoric der Brownschen
Molekuwlarbewegung und der Suspensionen;
von M. von Smoluchowski.

[Bearbeitet nach einer am 9. Juli 1906 der Krakauer Akademie vor-

gelegten und demniichst in dem Ballet. Int. Crac. erscheinenden Ab
handlung.]

g 1. Die viel umstrittene Frage nach dem Wesen der
von dem Botaniker Robert Brown 1827 entdeckten Be-
wegungserscheinungen, welche an mikroskopiseh kleinen, in
Fligsigkeiten suspendierten Teilchen auftreten, ist neuerdings
durch zwei theoretische Arbeiten von Einstein?) wieder in
Anregung gebracht worden. Die Ergebnisse derselben stimmen
nun vollkommen mit einigen Resultaten tiberein, welche ich
vor mehreren Jahren in Verfolgung eines ganz verschiedenen
(Gedankenganges erhalten hatte, und welche ich seither als
gewichtiges Argument fiir die kinetische Natur dieses Phitnomens
ansehe. Obwohl es mir bisher nicht miglich war, eine experi-
mentelle Prifung der Konsequenzen dieser Anschaunungsweise
vorzunehmen, was ich urspriinglich zu tun beabsichtigte, habeich
mich doch entschlossen, jene Uberlegungen nunmehr zu ver-
offentlichen, da ich damit zur Klirung der Ansichten iiber
diesen interessanten Gegenstand beizutragen hoffe, insbesondere
da mir meine Methode direkter, einfacher und darum vielleicht
auch fiberzengender zu sein scheint als jene Einsteins.

Dem Mangel einer direkten experimentellen Verifikation
suche ich teilweise wenigstens durch eine zusammenfassende
{Tbersicht der bisher bekannten Versuchsresultate abzuhelfen,
welche im Verein mit einer kritischen Analyse der verschiedenen
Erklirungsversuche deutliche Hinweise darauf zu geben scheint,
dab das Brownsche Ph#nomen in der Tat mit den theoretisch
vorauszusehenden Molekularbewegungen identisch ist, Den
SchluB bilden einige Bemerkungen iiber die Suspensionen

1} A. Einstein, Ann, d. Phys. 17. p. 549. 1905; 1% p. 871. 1906.




It worth to mentioning that Smoluchowski was
not the only Lviv researcher to contribute to
the study of the Brownian motion.

Back in 1881, Lukasz Bodaszewski, then an
assistant at the Higher Polytechnic School in
Lviv, observed the Brownian motion in gases
using an enhanced microscope of his own
construction.

Marian Smoluchowski referred to Lukasz
Bodaszewski’'observations in his works and it
is quite likely that two scientists met in Lviv.

Lukasz Bodaszewski
(1849-1908)

Rovenchak A. and Trokhymchuk A. From Brownian Motion to Molecular Simulations,
MATHEMATICAL MODELING AND COMPUTING, \Wol. 5, No. 2, pp. 99-107 (2018)



LVIV SCHOOL OF MATHEMATIC

Stefan Banach

Born

Died

Nationality

-
-~

March 30, 1892
Krakéw, Grand Duchy of
Krakow, Austria-
Hungary

(today Poland)

August 31, 1945
(aged 53)

Lviv, Ukrainian SSR,
Soviet Union (today
Ukraine)

Polish

Fields
Institutions

Alma mater

Doctoral advisor

Doctoral
students

Other notable
students

Known for

Motable awards

Mathematics
University of Lwéw

Technical University of
Lwow

Hugo Steinhaus

Stanistaw Mazur

Stanislaw Ulam

Banach-Tarski paradox
Banach-Steinhaus
theorem

Functional analysis

Mermberships:
Academy of Sciences
of the Ukrainian SSR,
Polish Academy of
Learning



Scottish Cafe in Lviv
(Szkocka Cafée)




Scottish Book
(KSIEGA SZKOCKA)
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The Scottish Book: A Collection of Problems.

An edited translation of a notebook kept at

the Scottish Cafe for the Lwow Section of the
Societe Polonaise de Mathematiques. Privately
mimeographed and distributed by 5. M. Ulam in
1957. Reprinted as Los Alamos Scientific Labora-
tory report LA-6832, 1967,




Mazur & Ulam in Lviv
1938

Fields

Institutions

Alma mater

Doctoral
adwvisor

| Doctoral

students

Known for

Mathematics

Institute for Advanced
Study

Harvard University
University of Wisconsin
Los Alamos National
Laboratory

University of Colorado
University of Florida

Lwéw Polytechnic Institute

Kazimierz Kuratowski

Paul Kelly

Key mathematical
formulations in the fields of
Physics, Computer Science,
and Bioclogy

Teller-Ulam design

Monte Carlo method
Fermi-Pasta-Ulam problem
Muclear pulse propulsion

Stanistaw Ulam

Born

Died

Citizenship
Nationality

"
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Stanistaw Ulam

Stanistaw Marcin Ulam

13 April 1909

Lemberg, Austria-Hungary
(now Lviv, Ukraine)

13 May 1984 (aged 75)
Santa Fe, New Mexico

American (after 1941)
Polish



Monte Carlo

v" Credit for inventing the Monte Carlo method often
goes to Stanislaw Ulam, a mathematician who
worked for John von Neumann on the United States’
Manhattan Project during World Watr |I.

v" He conceived of the Monte Carlo method in 1946
while pondering the probability of winning a game of
solitaire.

v" After attempting to solve this problem with pure
combinatorial calculations, he wondered if it might be
simpler to play multiple hands of solitaire and
observe the frequency of wins.

Ulam's ID badge
(photo from Los Alamos)

v This lead Ulam to consider how problems of
neutron diffusion and other questions of
mathematical physics might be represented in a
form interpretable as a succession of random
operations.


http://en.wikipedia.org/wiki/Los_Alamos_National_Laboratory

List of Mathematicians from the Scottish Book

BN

Akexandroff
Auerbach

. Banach
Bogolubov (Problem 183)

5. Frechet
6. Infeld

7. Kac

8. Kaczmarz
9. Kuratowski

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.

tomnicki
Mazur
Marcinkiewicz
Nikliborc
Orlicz
Ruziewicz
Schreier
Schauder
Sternbach
Steinhaus
Ulam

21.
22.
23.
24,
25.
26.
27.
28.
29.

30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Zygmunt

Sierpinski

Eilenberg

Wavre

Ward (Problems 156,157)

Stoilow (Problem 158)

von Neumann (Problem 163)
Szpilrajn (Problems 169,170)
Eidelheit (Problems 172-174,176,188)

Borsuk (Problem 175)
Offord (Problem 179)

Kampe de Feriet (Problem 180)
Knaster (Problem 182)

Saks (Problem 184,185)
Szpilrajn (Problem 191)
Sobolew (Problem 188)
Eilenberg

Eidelheit (1940.11.27)

Fermant (Problem 189)
Lusternik (Problem 190)
Knaster
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Department of Theoretical Physics, University of Lviv

Profs. W. Milianczuk, N.N. Bogolyubov and A. Yu. Glauberman (middle 1950s)




Department of theoretical Physics, University of Lviv

of liquids

J. BEVAN OTIl

™
T
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Profs. O.l. Andriyevski, A. Yu. Glauberman, J. |. Frenkel, W. Milianczuk (1949)




Department of Theoretical Physics, University of Lviv

Ihor Yukhnowskii (1945)



Department of theoretical Physics, University of Lviv

|.R. Yukhnowskii and A.Yu. Glauberman (1953)



T. 22. JKypHaa dxcnepumenmanbroii i meopemu1ecKkoi gusuru. Bun. 5
1952 -

K CTATMCTH‘IECKOH TEOPUA KOHUEHTPHPOBAHHbIX
PACTBOPOB CHUJIbHBIX 3JEKTPOJINTOB. I

A. E. I'rayGepman u H. P. Oxnoscruil

V. 22 Journal of Experimental and Theoretical Physics, Issue 5

On the Statistical Theory of a Dense Electrolyte Solutions. Part |

A.Yu. Glauberman and I.R. Yukhnowskii

Meron, passuThl Boroso6osuM [!] maf CTATHCTHYECKHX CHCTEM B32-
MOIZEHCTBYIOIIMX YACTHI, NMO3BOJAET NOCTPOUTL CTATHCTHYECKYIO TEOpHio
KOHIIEHTPHPOBAHHLIX PACTBOPOB CHJBHBIX 3JIEKTPOJNHTOB, JHINEHHYIO NPUH-
IMITHATBHEIX HETOCTATKOB, NPHCYWHX Teopuu J[lebaa—Irokkensa. O6nacts
TIPUMEHUMOCTH 3TOH TEOPHH OXBaTBhIBACT 3HAYEHHS KOHIEHTPauud, CooT-
BETCTBYIOLI[HE PeajbHbIM PAaCTBOPAM, B IPOTHBONOJOXKHOCTL TeOPHH [ebas,
NPUOMMIKEHHO CIPAaBEeNJUBOH JHIb /s NpPeNeabHO MaJBIX KOHIeHTPaluf.

Kak 6ni10 mokasano DorousioGosbiM [!], TpH ONMHCaHHH B3aHMOJEHCTBHS
HOHOB IIpH nmomouid 3akoHa KyJioHa MOXHO OnpenesuTh JIHIIbL HYJeBoe
npubsuxkenne OMHaApHOH (YHKUHH pacnpelesieHus, KOTOPOE IIPH BHOpak-
HOM DoOrosio60BEIM YHCTO-KYJIOHOBCKOM TIOTEHIHMAJe B3aHMOJEHCTBHA He
BLIBOJXHT 33 paMKH nIpocToil Teopuu [leb6ast, nosyyeHHe Ke€ BHICIIHX IPH-
O/NIMKEHHH OKasbIBaeTCs, BOOOUIE TroBOpsS, JHINEHHBIM CMBIC/IA, TAK Kak
CBOHCTBO pPaCXOA¥MOCTH NPH MaJbIX PACCTOAHHAX MEXKAY YaCTHIAME,
ycunupaercs [1).



O6mye KBAaHTOBO-MEX3aHHYECKHE COOOPAXKEHHA, C OJHOH CTOPOHH, ¥
NOJNy3MIOUDUYECKHe NaHHBIE, C ApYroi !, IPUBOAAT K IOTEHUHaly, ¥J0B-
JIETBOPHTEJBHO ONHUCHIBAIOIIEMY B3aHMOJEHCTBYE JABYX HOHOB BHJA:

O =(e?/r){l — A(r)e—], (L1}

rae a1, A(r) — bynxnus, crpemamasca x exurnue npu r—> 0. [Ipu 7,
ZOCTATOYHO JHANEKHX OT Hy/as (ONHAKO, BOOOGLIE TrOBOPHA, Majblx) 8T0T
MOTeHLHAT YYUTHIBAET OOMEHHOE M NOJAPU3ALMOHHOE B3aUMOIEHCTBHS, &
H3 PaCCTOSHMAX, OJHBKHUX K HYJIO, 06ECHEYMBAET OTCYTCTBHE YMCTO-KYJO-

HOBCKOTO 4JEeHa H, CJIE€I0BATENbHO, KaYeCTBEHHO, YYHUTEIBAET.CHJIB OTTAJ-
xupanust. PyHxuus A(r) Moxer ObITh B3ATa XOTS OB B CICAYIOUIEM BHIE:

Ary=14ayr+---+a.,r (1.2)

Ycaopue A(r)—~1 npu r—0 aBaserca He TOAbKe (DOPMANBLHBIM, HO H
¢u3a4eCKUM TpeOOBaHKMEM, TaXK KakKk KYJOHOBCKHHA 4YJeH B SBHOM BHIE
LOJXKeH OTCYTCTBOBATh IIPH JAOCTATOYHO MAaJbIX PACCTOAHHAX MEXAYy yac-
THLAMH 2.



7. 22 JKypHaa 9KCRepUMEHTAAbHOL 1L TeOpeTuecKkoll (usuky. Byn, 5
1952

K CTATI/ICTWJECKOﬂ TEOPUU KOHUEHTPUPOBAHHLIX
PACTBOPOB CUJIBHBIX 3JIEKTPOJIMTOB. II

A. E. T'zraybepman u H. P. IOxrosckuii

V. 22 Journal of Experimental and Theoretical Physics, Issue 5

On the Statistical Theory of a Dense Electrolyte Solutions. Part Il

A.Yu. Glauberman and I.R. Yukhnowskii

MUJEKYJ/L PAUIBUPTHHULU BCLITULIBA, BUAAHAT PaliBUPNITL Yy 1NlblBaeIcd
nyreM BBE€ILCHHA B. 33aKOH B3aUMOAEHCTBUA HOHOB MAaKpOCKONHYECKOR
II,HBJIEKTPH‘IGCKOH MMOCTOSSTHHOH ¢} pacupeneseHHE HOHOB XapaKTEpPH3YeTCH

IapoBoi cummeTpueit [1]. PaCTBop B I1[JOM YJAOBJETBODPHET YCJORHIO-
HEWTPAJbHOCTH:

YiealVa=0, (L.1)

rge @, paBHoe l,2,...S, HyMmMepyer copra HOHOB H €, O3HAYAET 3apsn
HOHA COpTa a; N ~ qucao HOHOB 3TOro copra. BsaumogneiictBue IBYX

HOHO:[B apyr c IIPYFOM OOHUCBHIBACTCA B3aHMHBIM IIOTEHIIHAJJOM, HMEIOI[HM
BH I 12]

cb;,,(r)_: ~(l— e ), . (L2)
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Puc.4. 3asucuMocTs K036-
(HIHEeHTa aKTHBHOCTH f OT
KOHUEHTPauuu c. I, 2, 3,
4 —TCOPETHYECKHE KPUBLIE
nJas 3HaveHHH B = 1,85 X
x107%; 2,90-1078; 4,60-10-8;
4,50-10"% cOOTBETCTBEHHO.

SKCnepHUMEHTalbHbIE KPH-
Bble COOTBETCTBYIOT: A —
LiOH: 5 — NaOH; B, I'—

NaBr v J— HCl

(29)



« 1954 — PhD thesis “Radial distribution function
of the system interacting charged particles”
(supervisor Prof. A.Yu. Glauberman)

« 1965 — DrSci thesis “Statistical theory of the
system of charged particles”

« 1969 — Head of the Department of Statistical
Theory of Condensed Systems @ Institute for
Theoretical Physics of the Academy of
Sciences of Ukr. SSR

Prof. Igor Yukhnowskii

e 1990 - 2006 Director of the Institute for
Condensed Matter Physics



Institute for Condensed Matter Physics of the Natl. Acad. Sci. of Ukraine
(as of 2016)
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Scientific Meetings organized by Institute for Condensed Matter Physics
of the Natl. Acad. Sci. of Ukraine

Physics of lonic Solvation, May 30 — June 1, 1983

Soviet-ltalian Simposium on the Mathematical Problems of Statistical Physics, Sept 30 —
Oct 11, 1985

Ukrainian-French Symposium “Condensed Matter: Science & Industry”, Feb 20-27, 1993
NATO ARW on lonic Soft Matter “Novel Trends in Theory & Applications”, Apr 14-17, 2004
NATO ARW on lonic Soft Matter “Size Effects in Non-Linear Ferroics”, Oct 19-22, 2004
15t Conference on Statistical Physics: “Modern Trends & Applications”, Aug 28-30, 2005
Planer-Smoluchowski Soft Matter Workshop on Colloidal Suspensions, June 22, 2009

3'd Conference on Statistical Physics: “Modern Trends & Applications”, June 23-25, 2009
28t Meeting of European Molecular Liquid Group on Complex Liquids, Sept 5-9, 2010
36t Conference Middle European Cooperation in Statistical Physics (MECO, Apr 5-7, 2011
Planer-Smoluchowski Soft Matter Workshop on Liquid Crystal Colloids, Oct 5-7, 2011

4" Conference on Statistical Physics: “Modern Trends & Applications”, July 3-6, 2012
Ulam Computer Simulation Workshop, June 21-24, 2017

5t Conference on Statistical Physics: “Modern Trends & Applications”, July 3-6, 2019



City of Lviv today
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EDUCATION {I

-l level Cther 5% Economics 24%
of accreditation 19% Humanities 5% I|I -
! Medical \
Science 7%
A
111,000 rax /] Students
students : by science
Matural
Sciences 10% ’
e 13%; - \Engineering 16%
-1V level - \Social sdence 12%
of accreditation 81%

Universities (Ill-1V level of accreditation), students

Lwviv Polytechnic Mational University 25,835
hean Franke Maticnal University of Lviv 19160
Danylo Halyts oy Lviv M ational Medical University 4,848
Lwiv Mational Agraran University 4,778
Lviv State University of Intemal Affairs 4,646
Luiv Mational University of Veterinary Medicine and Biotechnologies 330
Ukeminizan Mational Fomesry University 3234
Hetrnan Petro Sahaidachry Mational Ay Aczde ry 2973
Ludv University of Trade and Econcmics 2904
Lwviv State University of Physical Culture 2,712
Ukrzinian Academy of Printing 2,507
Lwiwv State Financial Acdermy 2,500
Lviv State University of Life Safety 1,962
Ukrzinian Catholic University 1459
Lwiv Mational Acadermy of Ars 1079
10 other smalluniversities 6,329
Total 90,227

Source: City Instituin, 2018
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IT INDUSTRY

o

317 IT companies in Lviv
21% of city GRP
21,000 IT specialists
56% software engineers
99.6% speak English
4,500 IT specialists graduate annually
28% predicted annual growth of ITindustry
3,000+ participants in IT Arena annual event

rce: Lu izer, 2019

Companies from The Global Outsourcing 100
present in Lviv:

softserve eleks’ infopulse
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' 0800300 331
info@itcluster.lviv.ua
‘ itcluster.lviv.ua



T38 Contributed Talks

Material design assisted by machine learning

M. Druchok®?, D, Yarish®, O. Gurbych” and M. Maksymenko®

“Softserve Inc,, 2D Sadova Str., 79021 Lviv, Ukraine
" Institute for Condensed Matter Physics of the National Academy of Sciences of
Ukraine, 1 Svientsitskii Str., 79011 Lviv, Ukraine

Efficient design and screening of the novel molecules is a major challenge in
drug and material design. In this contribution we present a multi-stage pipeline
in which several deep neural networks are used to generate and validate novel
molecular structures with the desired properties. Here the Autoencoder net-
work is trained on existing structures to convert discrete molecular representa-
tions to continuous vector representation and reconstruct back the structure for
a given vector in that space. An Attention-based Sequence to Sequence model
“spell-checks” errors in the generated structures, while a fully connected Regres-
sor type network is trained to predict desired molecular descriptors. In addition,
we extend the scheme by adding few steps assessing the quality of the generated
molecules. To this end, we use oversampling techniques in the continuous space
to generate candidate structures and compute Synthetic accessibility score to as-
sess the likeliness of the molecule synthesis.






