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I Abstract
i The experience of teaching philosophy of physics to Ukrainian physics masters is
described. The goal of the course is to promote their conscious and clear understanding of
I’physical theories as complex and necessary tools for gaining new knowledge about their
domains of application. Theoretical physics Is viewed as a network of developing and
t interrelated theories. They are practical because, on the one hand, they are learned by
ftstudents as future physicists. On the other hand, professional physicists are constantly
t improving practical theories to produce new knowledge. Thus, it I1s needed to analyze
r theories both as changeable systems and as complex polysystems under more detailed
hscrutiny. That 1s why the course Is based on a modified structure-nominative reconstruction
aof practical physical theories as polysystems consisting of interconnected and flexible
| homogeneous subsystems.
Introductory explanations

M More than a decade 1 have been teaching the philosophy of physics to
"undergraduates/masters at the National University "Kyiv-Mohyla Academy". This
«University Is a successor of the first educational institution in the territory of modem
5 Ukraine and Russia, like Western Universities of that time. Over the years, about 70 masters
®have been trained in the philosophy of physics.
IC The head ofthe Department of Physical and Mathematical Sciences Petro Holod (1946-
| 2014) had informed me that during three years of bachelorship the students learned the basic
®concepts and principles of classical mechanics, thermodynamics, statistical physics,
A nonrelativistic quantum theory, quantum field theory, special and general relativity and
8some applied conceptions of condensed matter physics and biophysics. These physical
3sciences are interconnected ingredients of the network of theoretical physics [2]. The study

ofthese sciences was accompanied by learning of necessary sections of many mathematical
£ theories. As bachelors, my students successfully passed the relevant exams. As masters, they
Kalso are studying some fragments of the specialized physics disciplines, such as atomic and
8nuclear physics, particle physics and biophysics. Many basic and applied theories are
~ Integral parts of these disciplines.
r With this in mind, | assumed that the masters would give me reasonable answers to the
Dtwo metaguestions concerning physics and physical theories. To test this hypothesis, at the
B beginning of each semester, | asked: What iIs the subject of physics? What are the

components of physical theories?

By the way, 1would ask the readers of this contribution to answer those guestions iIn a
form appropriate to their scientific specialization. What Is the subject of their science? What

are the components of the theories of their science?

107


mailto:vladkuz8@gmail.com
mailto:kuznetsovvi@ukma.edu.ua

From the answers to the first metaquestion, it followed that all masters proceed fjS
the objectivity and materiality of the realities studied by physics. These realities range fn
quarks and gluons to the observable physical universe. Their answers matched my pier«
of the world. However, each time their responses to the second metaquestion showed $
my hypothesis regarding the answers to it was incorrect.

Idealizations, abstractions, concepts, laws, hypotheses, mathematics, and experimea
data were often cited as components of a theory. None mentioned the models, proble s
procedures, approximations, evaluations etcetera. Students missed as components of«
theory Its operations for setting and solving problems. Consequently, they did not seen
connections between the theory and the models built within its framework, as wela
between the theory and the problems it solves.

After some contemplation, | concluded that it was unlikely to expect satisfac n
answers to the second metaquestion. Why? Factually, physicists seldom ifever explain va
they mean under theories in their professional papers, monographs, and textbooks. 11
avallable physical encyclopaedias do not contain entries on ‘physical theory’. These sou 2
also do not hold references to numerous philosophical works devoted to the analysi s
scientific theories in general and physical theories in particular. Ironically, numerous w<§
on the nature of science (NOS) also practically do not associate NOS with the natunjj
scientific theories (NOST). The same can be said for science instruction research, wls§
rarely, 1f ever, uses philosophical analyses devoted to theories in the philosophy of scieie
In turn, these analyses do not at all make references to the NOS studies.

One can only guess about the reasons for this absence. Either physicists do not ki*
the works of philosophers devoted to physical theories, or they know, but do not cons 2
these publications important both for the teaching of physics and its development. As>r
Soviet and post-Soviet physicists who were not taught the philosophy of physics, tlir
ignorance of the philosophical analysis of physical theories is most likely explained by k
content and low quality of their philosophical university education.

The naked truth Is that my students have a sceptic bias against philosophy and a In
belief that it Is useless for physics developments. Therefore, my priority was to overcc e
these prejudices.

To this end, | dedicate the first four lectures to a summary of ontological d
epistemological 1iIssues posed by the classics of philosophy (Thales, Anaximeis,
Anaximander, Heraclitus, Parmenides, Empedocles, Anaxagoras, Democritus, Pythagos,
Plato, Aristotle, Bacon, Hobbes, Descartes, Spinoza, Locke, Hume, Kant and Hegel). T |
formulated problems that remain topical In modem physics as well because refer to e
structure of the physical world; its forms of differentiation and their attributes (property
relationships, types of movement and interaction, states and processes involved); nature, d
unity of matter, space and time; nature of causality; the role of mathematics and experiin.t
for physics; a priori forms of perception; the relative objective truth of scientific statemts
and the variability of scientific knowledge, etc. The next two lectures are devoted to asH
synopsis of Euclidean geometry and Newtonian celestial mechanics. The goals areo
demonstrate, firstly, the multiplicity of their components, not all of which are usu”
considered In the philosophical analyses of these theories, and, secondly, the similarity
structures of physical and mathematical theories.
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After this preliminary introduction, | had a choice: to retell what other philosophers of
|science had argued about physical theories, supporting what they said with specially selected
| cases or to turn to the knowledge ot physical theories by my masters and try to supplement
, twith a metaknowledge of what a physical theory Is.

Logic and set theory are the main tools for formal and semi-formal analysis of physical
theories, which iIs typical for Western versions of the general philosophy of science and
| philosophy ot physics. However, these disciplines are not included In my master's
j curriculum. Consequently, my course should be based on an informal presentation of the
t philosophy ot physics. Attention should also be focused on the analysis of practical/domain
«specitic physical theories, as they play a central role in physics. My purpose is not to present
theories in some philosophical or formal language, but to clarity the structure, properties,
I relationships, tunctions, and patterns of development of real physical theories,

i To move In this direction, it is necessary to clarify the composition of theories, because
t notions about the components of atheory determine the ideas of what theories are, how they
*develop, are constructed, tested, and interrelated. It is also necessary to emphasize the
Importance both of scientific theories for the very existence of science, and their
&philosophical analysis for the tasks and problems of the philosophy of science. It is not
( surprising that the conceptions of scientific theories are central to the philosophy of science.
Cchowever, a natural question arises why the long-term philosophical analysis of scientific
c theories carried out so far has not been reflected In the works of modem scientists.
Therefore, many philosophers of science are looking for new arguments in favour of the
Vnecessity of philosophy for science. Unfortunately, their arguments are mostly about a few
N gpecial episodes In the history of science In which eminent scientists testify to the
I(importance of philosophy in promoting the ideas that glorified them. The author is not aware
e of the attempts of philosophers of science to identify and analyse the set of necessary
tocomponents of scientific theories that distinguish them from narratives. As a rule, existing
attempts highlight only a few components of theories, ignoring the rest.
3l  Thus, one of the main obstacles of my teaching the philosophy of science Is the
3d presence of many options for the philosophical analysis of scientific theories. In order not
toconfuse models of theories with theoretical models of realities studied with the help of
theories, | named the first models reconstructions or metamodels. In my teaching | relied on
asthe so-called modified structure-nominative reconstruction of scientific theories (MSNR)
*. 3.
18 Conclusion
N Considering the physical and philosophical knowledge ol the masters and their
cognitive interests, as well as the time allotted for my course, | came to the following
conclusion. Teaching the fundamentals of the philosophy of physics within the framework
B of a modified structural-nominative reconstruction of practical physical theories Is more
effective than a subjective and incomplete introduction to the history and current state of
J1 philosophical disputes about science that have been going on for many decades. The
A message of this contribution I1s to propose of recipes for the route out the ghetto of
philosophy of science for its inhabitants: to collaborate with scientists who are being
N reflected on their cognitive actions, to analyze jointly their particular doings and cogitations
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on these; to elaborate appropriate philosophy of scientific practice; to teach it to stud its
and to inform all concerned.

It 1Is my hope that my teaching has expanded the masters' understanding of both
physics and its theories and has given them sufficient skills to explore the trends of
modem philosophy of physics.

Readers must decide for themselves whether my views are useful for their teachin:
philosophy of physics as well as philosophies of sciences [1].

| hope also that an extended realization of the message of this contribution will bene
book "Names and Realities. Essay on the Philosophy of Scientific Theories" (in Ukraini|),
which iIs co-authored by professional theoretical physicist Alexander Gabovich.
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BINCbKOBA TEMATUMKA B INMTAHAX I 3BITAX HAH YKPAIHWV
50-80-T1 PP. XX CT.

Jlyroscbkun O. T
[HCTUTYT Aocnia>XeHb HayKOBO-TEXHIYHOTo noTeHulany Ta icToplil
Haykn M. .M. lo6bpoBa HAH YKpaiHu
K.I.H., C.H.C., lugl 95lalexandr_grigoristorikna@ ukr.net

HanpukiHui 80-x pokiB XX Ta B nepuwin uBepTi XXI CT. noyanocdBMBYEHHAra
nonynapusauisa ictopii 3000YTKIB YKPalHCbKUX BYEHUX 3 O0OOPOHHOT TemMaTUKr B
HauioHanbHIiM AKagemil HayK YKpaiHu. Buniwna Hu3ka npaub iCTOPUKIB HayKKU 3 ICT<IT
PaKeTHOT TexXHiKK, cnoragn 6e3nocepegHiX y4yaCHWUKIB TUX nofdin, HBINENHI BUAaHb 3
ICTOpPIT NiANpMeEMCTB | oOpradi3auin pakeTHO-KOCMIYHOT rany3l YkKpaiHu, O6I1orprii
BUAATHUX BYEHUX | KOHCTPYKTOpPIB [1]. poTe 3anmwialoTbCcAd HeaoCNIAXEeHUMWN NuUTa, 4
cneunmikn MopMyBaHHA HanNpAMKIB HayKOBO-AOCAIAHOT po6OTW, aHanidy IHTerpyBain
HayKOBUX AOOCNIAXeHb Y BUPOOHWUTBO Ta IHWI PO3p06KK IHCTUTYTIB HAH YKpaiH 3
060pPOHHOT TemaTuKU. CeKpPeTHICTb Takux paocnigXxeHb 1950-1980-x pokiB 3aBaj a
nokKasaTu CnpaBXHIN PO3BUTOK HaykKoBux gocnigxeHbs B AH YPCP T1a 11 30006y TKWN.

OCHOBHUM [XepesiomM IHGQOpMaLIT Npo HayKoBO-AOCAIAHY pPO6OTY 3 O0OO0POH>T
Tematukn € goHa UK KomnapTii YkKpaiHu (¢.1l, TaeMHa 4acTuHa,) B LleHTpanbHe?
nep>xaBHoMmy apxiBl rpomaacbkux o6’eaHaHb YkpaiHn (LLAAT O YKpalHu), aoe 36epern:A
okpeMI maTtepilanu lpe3nali, yctaHoB HAH Ykpaiuu 1a ep>xnnaHy YPCP npo sukoHais
nnaHoBux 3aBfaHb. [lepcnekTuBHi nnaHm AH YPCP no «3akpuTin TemaTuk
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onpauboByBanuce AepxnnaHom YPCP 1 Hanpasnanuca o LUK KIMY. B ymoBax ocob61umBOi
( CEKPETHOCTI nepebyBann He TiSIbKN PO3POOKKM BUEHUX, a N CaMl BYEHI.

BigcyTHI h)yHOameHTanbHI HayKoBI MoHorpa@il npo ydyacTb HaykoBux ycTtaHoB AH
YPCP B AOCNIAXEHHAX Y IHWKWUX rany3ax BINCbKOBOT TeXHIKW. MPUYMHOK LbOT0 € 4OCUTL
cnabka [mxepenbHa 6a3a, AKa BMNPOAOBX AeCATUNITbL Oyna 3acekpeyvyeHol, a BifATakK

* HeAOCTYMHO ANna AgocnigHukKieB. OCHOBHWUW MacuUB [OOKYMEHTIB 3 ICTOPIT paKeTHO-
KOCMIYHOI TeXHIKM B YKpaliHi 3HaXoAuTbCA B apxiBax PocincbKin depnepatii.

I B YKpaiHl apxiBHI OOKYMEHTM 3 LIEl TeMaTUKN PO3MNOPOLIEHI B PI3HUX apXiBax:
: LleHTpanbHOMY Aep>XaBHOMY apXiBl rpoMaacbkux o6’eaHaHb YKpaiHu (LLAATO YKpalHn),
LleHTpanbHOMY Aep>XaBHOMY apXiBl BULLWX OpraHiB Aep>XaBHOT Bnagn Ta ynpaB/iHHA
YkpaiHn (LUAABO YkKpaiHu), o6nacHuMX apxiBax, apxiBax HayKoBux yctaHoB HAH
| YKpaiHn, Kb 1 060pOHHNX NIANPUEMCTB Y KpPaiHWU.

( MeTo pob60TM € Yy3aranbHeHHA AO0CBIAY BUABNEHHA apXIBHUX AOKYMEHTIB |
PEKOHCTPYKLUIA ICTOpPIT PaKeTHO-KOCMIYHOT HayKW 1 TeXHIKM B YKpalHi. BignoBigHO A0

1nocTaBneHOT MeTK Yy CTaTTI BUPIWYHOTLCA HayKOBI 3aBAaHHA:

* BUAB/IEHHA AOKYMEHTa/lbHUX CBifA4YeHb MPO BINCbKOBI PO3POOKM HayKOBUX YCTaHOB

| AHYPCP;

e aHaMI3 CKnagy Ta 3MICTY BUABNEHUX AXepen woao poboTn HayKOBO-AOCAIAHWUX

- yctaHoB AH YPCP 3 060pOHHOT TEMATUKMU;

e BBEleHHA B HAYKOBUW 0OIT ManoBIAOMNX apXIBHMUX AOKYMEHTIB Ta IX nonynsapusawis

cepefl LLMPOKOT FrPOMaaCbKOCTI.

BnasneHHa ooKyMeHTIB nNpo poboTyycTaHoB AH YPCP 3 060pOHHOT TeMaTUNKM.

BinblWicTb apXiBHUX AOKYMEHTIB 30cepeykeHa y cnpaBax oHAy Ne 1 «LleHTpanbHUN
KomiTeT KomnapTil YKpalHu», 30Kpema: onnc 24 «JloKymeHTW 3aranbHoro Bigainy LK
KomMmnapTil YKpalHK (CeKpeTHa 4YacTuHa)».

BuAaBneHi AOOKYMEHTUM MOXHa po3ainntu Ha AOoKymMeHTM 1950-1960-x pp. Ta
nokymeHTn 1970-1980 pp. JokymeHT 1950-1960 pp. MICTATb HEYUCNEHHI MaTepiaan npo
PO3POOKN He TiNIbKM  BIWCbKOBI, a W NOABIMHOITO BUKOPUCTaAHHA  (BOEHHI |

1 HapoaHorocnoaapchbki). Cepen HUX: 3BIT NPO Xi4 BUKOHAHHA ycTaHoBaMKn AKaaemil Hayk
YKpalHcbkol PCP  noctaHoBu Paau MiHIcTpiB CPCP  «[1po CTBOpPEHHA HOBUX
BMCOKOXapPOMILUHUX MaTeplianiB Ana aBiauiMHUX OBUTYHIB» 24 rpyaHa 1954 p. [2]; MNMnaH

WMHayKoOBO-AoCNnIaAHKUX pabiT Ha 1954 pik JSlabopaTtopii cneuianbHuX cnnasieB AH YPCP 3

A npobnemn  «XKapocTiMKI  MeTajsloKepaMiyHi Ta KepamikKo-meTaneBi Martepiann  3i

3 cneulanbHUMKU BnactTusocTamu» [3]; MNoAcH0OBanbHA 3anucka IHCTUTYTY mMatematukm AH

1 YCCP pno nnaHy HayKoBO-AOCAIAHUX POOIT 3aKpPUTOro xapakrtepy Ha 1954 p.

1 [4]; MoAcHIOBaNnbHa 3anucKa A0 TeMaTUYHOro nnaHy 3akKpuTmx pobiT JlabopaTopil

3 cneuianbHMx cnnasiB AH YPCP Ha 1954 p. [5]; lModAcHIOBanbHa 3anMckKa 40 TeMaTU4YHOTrO
niaHy TaEMHUX 1 UIIKOM TaeEMHWUX poOIT HaykoBOo-gocnigHux yctaHoB AH YPCP Ha

1955 p.. 19 notoro 1955 p. [6]; KOpPOTKMI 3BIT NPpO BUKOHaHHSA naaHy 1955 p. TaEMHUX |

A UINKOM TAEMHUX POOBIT IHCTUTYTamMuM AKademil HayK YKpaiHcbkol PCP. 20.02.1956 r. [7];

C lNnaH 3 TaEMHOT | UINKOM TaeMHOT TeMaTuKM Ha 1956 pik AH YPCP [ 8]; NnaH HayKoBO-

A pocnigHuX po6iT Ha 1960 pik IHCTUTYTY MexaHikn AH YPCP 3 npo6nemn «HaykoBi OCHOBM

A MIUHOCTI | nnacTtuyHocTi» [9];, JilucT «[I1po po3WMPEeHHA HayKOBO-AOCAIAHUX pPOOIT 3

HI



