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DEVELOPMENT OF CRITICAL THINKING IN FUTURE PHYSICS TEACHERS

R. Yu. Vasileva®, D. A. Stepanchikov*

The article considers the didactic potential of physical paradoxes as a means of developing critical
thinking of future physics teachers in the context of the transformation of the modern educational
paradigm. The authors substantiate the feasibility of using physical paradoxes in the educational
process as an effective tool for activating cognitive activity, forming skills of analysis, logical thinking
and arguing one's own position. Critical thinking is considered as an integral quality that includes the
ability to evaluate information, pose problems, test hypotheses and make informed decisions, which
is especially relevant for the professional training of teachers. It is noted that traditional methods of
teaching physics often do not provide the proper level of motivation and active cognitive activity of
students, while the use of physical paradoxes creates situations of cognitive contradiction that
stimulate the rethinking of existing knowledge and the search for logically justified explanations. It is
determined that the effective implementation of paradoxes in the professional training of future
physics teachers requires adherence to the principles of consistency, scientificity, variability and
reflection. The paper outlines methods and organizational forms of introducing physical paradoxes
into the educational process: as a motivational element at the beginning of the topic, as a basis for
discussions, as a means of organizing independent research activities and as a component of the case
method. It is noted that physical paradoxes contribute to the integration of knowledge from different
fields, the development of research and communication competencies, as well as increasing motivation
for learning. It is noted that the key role in the implementation of this approach is played by the
teacher, who acts as a moderator of students' intellectual activity, leads the discussion and creates
favorable conditions for the formation of critical thinking.
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BHKOPHCTAHHSA PISHIYHHX INTAPAIOKCIB SIK JUOAKTHYIHOI'O PECYPCY
AOASTI POSBHTKY KPUTHYHOI'O MHCAEHHS Y MAUBYTHIX YYUTEAIB
PISHKH

P. 10. BacuaseBa, [I. A. CTrenmaH4YHKOB

Y ecmammi posensHymo oudaxkmuuHuii nomeHyian pisuuHux napadokcie sik 3acody po3sumry
KPUMUUHO020 MUCSCHHSL MATUOYMHIX yuumenie pisuku 8 Ymosax mpaHchopmauii cyuacHoi oceimHsol
napaduemu. Asmopamu 06TPYHMOBAHO OOULTBHICMb BUKOPUCMAHHS QIBUUHUX Nnapadokcie Y
HABUANILHOMY Npoyeci K egpeKkmueHoz20 IHCMmpYymeHmy aKkmueizayii ni3HasanbHoi Ois/lbHOCMI,
hOopMYBAHHSL HABUUOK AHANIZY, JI02IUHO20 MUCTEHHSL MA P2y MeHMOB8AHO020 8I0CMO08AHHSL 81ACHOL
nosuyii. KpumuuHe MUCNEHHSI PO32JITHYMO SK IHMezpanibHa SKICMb, W0 eKaruae 30amuicmes 00
OUIHI0BAHHSL THpOpMaUii, nocmaHosKU npobrem, nepegipku zinomes i npuliHamms 06TpyHmMo8aHUX
pleHb, wWo € ocobaugo akmyanbHum O0asi npogpecitiHoi nidzomosku nedazoezis. 3a3HAUeHO, ULO0
mMpaouyitiHi Memoou 8UKNAOAHHSL PI3UKU Uacmo He 3abe3neuyroms HANEHHO020 PiBHSL MOMUBAUll ma
aKmueHoOiI Nni3HasanbHO! OisibHOCMI cmyodeHmig, mooli K SUKOPUCMAHHS (PISUUHUX NapadoKcie
cmeoproe cumyayii Ni3HABANILHO20 NPOMUPIUUSL, SIKI CMUMYI0I0OMb NEPEOCMUCTEHHST HASIBHUX 3HAHb
i NOWYK 102IUHO 06TPYHMOBAHUX NOSICHEHb. BusHaueHo, wo egpexmusHe 8nposadrkeHHst NapadoKcis
Yy npogpeciliHy nidzomosky MmalbymHix yuumenie ¢izuku nompebye OOMPUMAHHS NPUHUUNIE
nocsnidogHocmi, Haykoeocmi, eapiamusHocmi ma pedaercii. Y pobomi okpecnieHO memoou ma
Op2aHI3aUiliHi  (POpMU  8NPOBAOIKEHHSL (QIBUUHUX Nnapadokci8 Y HABUANbHUL npouec: Sk
MOMUBAUITIHO20 eslemMeHma HA nouamkKy memu, sk OCHO8U Ot OUCKYCIl, sk 3acoby opzaHizauil
camocmitiHoi OOCAOHUYUBLKOL Oisi/lbHOCMI ma sk cKaadogoi kelic-memody. BiomiueHo, wio ¢pi3uuHi
napadokcu chpusiltome iHmezpauii 3HAHb 3 pI3HUX 2any3ell, po3sumKy OOCNIOHUULKUX I
KOMYHIKAMUBHUX KOMNnemeHmHocmeti, 4 maKosK ni08UUeHHI0 momugayii 00 HaguaHHs. 3a3HaueHo,
W0 KA0U08Y POb Y peanisauii ybozo nioxody eidizpae sukiadau, SKuil eucmynae mooepamopom
iHMmenexmyanabHoi Oisi/lbHOCMI cmyoeHmig, Kepye 062080peHHSIM MA CMEOPHE CNPUSMAUBL YMOBU OS5
POPMYBAHHS KPUMUUHO20 MUCSIEHHSL.

Knrouosei cnoea: kKpumuuHe MUCAEHHS; PIBUUHI napadoKcu, NpogpeciliHa ni020moeKa 8uumeis;
Ni3HABAIbHA AKMUEHICMb;, OUOGKMUUHI [HCMPYMEHMU; AHANIMUUHE MUCAEHHS;, NpobremHe
HOABUAHHSL;, OCBIMHIL npoyec.

Introduction of the issue. Reforming
education in Ukraine requires teachers
not only to transfer knowledge, but also to
develop in students the ability to think
analytically, model situations, articulate
and substantiate their point of view. In
the context of the transformation of the
educational sphere, the development of
critical thinking as one of the main
competencies becomes an important
component of the professional training of
future physics teachers. Critical thinking
contributes not only to a deeper
understanding of the subject material,
but also to the development of the ability
to analyze, evaluate information, form
reasoned judgments, and make rational
decisions. At the same time, traditional
methods of teaching physics often do not
provide sufficient motivation for active
cognition and the development of
students' analytical skills.

One of the effective didactic tools that
contribute to the formation and

ITocTaHoBKa nmpobaemu. PechopmyBanHs
OCBiTH B YKpaiHi BUMAarae Bifl BUKAQIa4iB He
AWIIIe TPAHCASLIl 3HaHb, a ¥ POpMyBaHHS Y

31m00yBadiB OCBITH 3[1aTHOCTI 10
AHAAITUYHOTO  MMCAEHHS, MOJEAIOBaHHS
cuTyamii Ta apryMeHTOBAHOTO
BIiZICTOIOBaHHA TIO3UILH. B yMOBax
TpaHcdopMallii OCBITHROI chepUu BazKANBOIO
CKAQJI0BOIO mpodpeciiitoi IiITOTOBKU

MafOyTHIX y4uTeAiB (Pi3HKH cTae PO3BUTOK
KPUTUYHOTO MUCAEHHS SIK OJTHi€l 3 OCHOBHUX
KOMIIETEHTHOCTeH. KpuTudyHe MHCACHHA
CIpUSIE HE AWIIIE TAHUOIIOMY PO3YMiHHIO
IpeaMeTHOIo MaTepiaay, a ¥ pOo3BUTKY

3/1aTHOCT aHaai3yBaTH, OLIiHIOBaTH
indopmartito, dopMmyBaTH OOIPYyHTOBAHI
Cy/KEHHd Ta TIpuiiMaTd  pallioHaABbHi

pittenHd. BopgHouac TpaauilifiHi MmeTomu
BUKAQAHHS (Pi3UKH 4acTo He 3a6e3nedyoThb
IOCTATHLOI MOTHUBAIll [OAd  aKTUBHOIO
IIi3HAHHY Ta  PO3BUTKY  AHAAITHYHHX
HaBHUYOK CTYIEHTIB.

OmuuMm i3 e(EeKTUBHUX [TUAAKTUIHUX
IHCTPYMEHTIB, 110 crpusie (POPMyBaHHIO Ta
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development of critical thinking of
students is physical paradoxes. Their use
in the educational process leads to the

emergence of contradictions in
knowledge, which stimulate the
rethinking of existing ideas about

physical phenomena and activate the
process of searching for logically justified
explanations. This approach not only
increases the level of cognitive activity of
students but also contributes to the
development of the skills of reasoned
thinking, analysis and interpretation of
information, which is especially important
in preparing future teachers for
professional activity in the conditions of
the modern educational paradigm.

Current state of the issue. The use of
physical paradoxes in the educational
process of higher education institutions in
the training of physics teachers has been
reflected in the research of both domestic
and foreign scientists. In particular, the
works of Kuzmenko O.S., Salnyk I.V.
emphasize the importance of including
physical paradoxes in the content of
educational material for the development
of the ability to independently analyze,
formulate problems and find non-
standard solutions [6].

Kobus O.S., Bondarenko S.Yu. in their
studies emphasize that  physical
paradoxes, being an effective tool for

implementing the problem-based
teaching method, can simultaneously
contribute to both in-depth

understanding and the formation of
misconceptions if oversimplified. In their
opinion, the focus of the analysis of
physical paradoxes is the search for a
balance between cognitive accessibility
and the preservation of conceptual and
theoretical integrity [4].

Ivchenko V.V. in his publications
substantiates that solving paradoxes
contributes to the formation of critical
thinking, a deeper understanding of the
educational material and an increase in
motivation to learn. He proposes a
methodology for introducing paradoxical
situations into the educational process as
one of the effective methods of active
learning, which involves the phased
formulation of the problem, its

PO3BUTKY KPUTHYHOIO MHUCAEHHS 3/100yBadiB
OCBiTH, €  (pi3uyHi IapaoOKCH. Ix
BUKOPHUCTAHHS Yy HaBYaAbHOMY IIpOIleci
3yMOBAIOE BHHHUKHEHHSI [POTUPIYYS ¥
3HAHHSX, 9Ki CTUMYAIOIOTH IIEPEOCMUCACHHS
HasIBHUX VABA€HBb IIPo (Pi3WUHI SIBUIIA Ta
aKTUBI3yIOTh IIPOLIEC IIOIIYKY AOTI4YHO
OOTPYHTOBAHUX MOACHEHb. TakKWil Imiaxim He
AUINIE IIABUIILyE PiBEeHb  IIi3HABAABLHOI
aKTUBHOCTI CTYy[EHTIB, a ¥ CIIpudae PO3BUTKY
YMiHb apryMEHTOBAaHOI'O MHCAEHHSI, aHaAi3y
¥ inTepnperarttii iHdpopMalltii, 1110 € 0co6ANBO
BaXXAUBUM Y  IIATOTOBIL  MaMOyTHIiX
efaroriB 10 IHpodpeciiiHoi migAbHOCTI B
yMOBax Cy4acHOI OCBITHBOI ITapafiirMu.

AHaaniz ocTaHHiIX  mocaimxkens i
nmyOAikauii. BukopucranHsa — (QiSHYHUX
IapaJoKCiB B  HaBYaAbBHOMY  IIPOIIECI
3aKAQIB BHINOI OCBITH TIPU IIiATOTOBLII
BUYHTEAIB leo)icizazesi 3HAUIIAN CBOE
BiToOpazkKeHHs B JIIOCAITKEHHIX gK
BITYM3HAHUX TaK 1 3apyOiXKHHUX BYEHUX.
3okpema, B poborax Kyssmenko O.C.,
CaabHEK [.B. OiAKpecAIETbCS BasKAUBICTH
BKAIOYEHHd (PI3UYHUX IapagoKCIiB 10 3MiCTy
HaBYaABHOIO MaTepiaay [OAS  PO3BUTKY
3IaTHOCTI [0  caMOCTiiHOro  aHaai3y,
IIOCTaHOBKHU mpobaem i HOIIYKY
HeCTaHAAPTHUX PO3B’I3KiB [0].

Kob6yc O.C., Bonmapenko C.}FO. y cBoix
JOCAIPKEHHSIX HATOAOINYIOTh, IO (Pi3WYHi

mapagoKCH, Oy my4au e(pbeKTUBHUM
IHCTpyMEHTOM  peaai3aiii  mpoOAEeMHOTO
MeTooy HaB4YaHHI 5 BOOHO4YAC MOXKYTh

CIIPUSITH SIK TIOTAMOAE€HOMY PO3YMIiHHIO, TaK i
dopMyBaHHIO XUOHHX ySIBAE€HL 3a YMOBH
HaaMmipHoro cmpouleHHd. Ha ix aymKky, y
HeHTpi aHaaidy @I3UYHMX IapagoKCiB —
nouryk  GasaHcy — MK ITi3HABaABHOIO
JOCTYITHICTIO Ta 306epeKEHHIM
KOHIIETITyaAbHOI ¥ TEOPETHYHOI IIiAiCHOCTI
[4].

IBuenko B.B. 'y cBoix mybaikariisx
OOTPYHTOBYE, III0 PO3B’I3aHHS IapPaOKCiB
cripusie dopMyBaHHIO KPUTUYHOTO
MHCAEHH, TAMOIIIOMY PO3yMiHHIO
HaBYaABHOIO MaTepiaay Ta MiABHIIEHHIO
MoTHuBallii Ao HaBuaHHA. BiH mpornoHye
METOAVKY BIIPOBA3KEHHS I1apaJOKCAABHUX
CHUTYyallill y HaBYaABHHH IIPOIIEC K OHOTO 3
e(PeKTUBHUX METOiB aKTUBHOIO HaBYaHH,
o repeadadae mnoeramHe (POPMYyAIOBAHHS
npobaemu, Ii OOroBOpeHHS, BHUCYHEHHS
rinore3 1 MOIIYK HOBUX MoAeAed mad
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discussion, the putting forward of
hypotheses and the search for new models
to explain the phenomenon. The author
notes that the use of scientific paradoxes
in physical education not only enriches
the content of education, but also
contributes to the development of
independence, flexibility and creativity of
future specialists [3].

The research by Sergeieva O.E. reveals
the problem of stimulating interest in
knowledge in the process of teaching
students and demonstrating new aspects
of the material studied. The most effective
way to solve it, according to the author, is
to create problem situations during
practical classes in physics, wusing
physical paradoxes, sophism, as well as
experimental and interesting tasks [7].

Despite the significant interest in the
problems of developing critical thinking in
scientific research, the issues of
systematic implementation of physical
paradoxes as a didactic tool in the
professional training of physics teachers
remain insufficiently studied.

Aim of the research is to substantiate
didactic potential of physical paradoxes in
forming critical thinking of future physics
teachers and determining effective forms
and methods of their use in the
educational process of professional
training of teachers.

Results and discussion. Physics as a
science based on logic, evidence and
experimental testing of hypotheses opens
up wide opportunities for the development
of critical thinking. In the context of our
work, critical thinking is considered as a
person’s ability to analyze, evaluate and
interpret information from the point of
view of rationality, evidence and
objectivity [2; 9]. In the process of
professional training of future physics
teachers, critical thinking is interpreted
as an integral ability to deeply analyze
physical phenomena, formulate logically
justified conclusions based on empirical
observations, identify internal
contradictions and inaccuracies in
scientific statements, as well as argue for
one’s own position on complex physical
issues [2; 8]. It should be noted that
critical thinking as a purposeful, logically

IIOICHEHHS dBHIIA. ABTOpP 3a3Hadae€, IIo
BUKOPHUCTAHHS HAyKOBUX IapaZioKCiB ¥y
diznyHill OCBiTI He AuIlle 30aradye 3MicT
HaBYaHHd, a U  cHOpusge  PO3BUTKY
CaMOCTiMHOCTi, THYYKOCTI Ta TBOPYOCTI
MaiiOyTHiX daxiBuiB [3].

B JOCAITKEHHIX Cepreenoi O.€.
PO3KpHUTO npobaeMy CTHMYAIOBaHHS
iHTEepecy MO0 3HaHb y IIPOIECi HaBYaHHS
CTYHEHTIB i AeMoOHcTpalii HOBHUX AacIIeKTiB
BUBYEHOro Martepiasy. HaitepekTuBHIiIIIMM
criocoboM ii po3B’d3aHHS, HA QYMKY aBTOpa,
€ CTBOPEHHS IIPOOAEMHUX CHUTyAallil s 4ac
IPaKTUIHUX 3aHSITH 3 dizukwy,
BUKOPUCTOBYIOYH  (PI3UYHI  I1apasIOKCH,
cohiaMH, a TaKOXK EKCIIEPUMEHTAAbHI Ta
LikaBi 3aBAaHHS [7].

HesBaskaroun Ha 3HA4YHUE iHTEpec [0
IpobAeM PO3BUTKY KPUTHYHOTO MHCAEHHS B
HaAyKOBHX JIOCAITKEHHHIX, IMUTAaHHI
CUCTEMHOI'O BIIPOBAZKEHHSI dizmaHNX
IapasoKCiB K AUIAKTUYHOIO iIHCTPYMEHTY Y
OpodeciiiHy IiATOTOBKY BYHUTEAIB (Di3UKHU
3aAUIIAIOTHCS HEJOCTATHHO BUBYEHHUMU.

Mera crTarTi. Metolo poboTH €
OOI'PYHTYBaHHS OUIAKTUYHOIO IOTEHIiaAy
¢iznyHUX HOapazokciB y  popMmyBaHHIi
KPUTHYHOIO MHCAEHHSI MaMOyTHIX y4duTeaiB
iKY Ta BU3HA4YEHHi e(peKTUBHUX (popM Ta
METOMIB IX BHUKOPHCTAHHS B OCBITHBOMY
mporieci mpodeciitHol miATOTOBKH I1€1AaTOTiB.

Buraazn ocHOBHOro matepiaay. dizvka
dK HaAyKa, 1110 CIIUPAETHCH Ha AOTIKY, JOKa3U
1 EeKCIepUMEHTaAbHYy IIEPEBIPKY TilloTes,

BiKpHUBae HIUPOKI MOXKAUBOCTI A4
PO3BHUTKY  KPUTHYHOIO  MHCAEHHdA. B
KOHTEKCTi  Hamioi  pobOTH  KpUTHYHE

MHUCAEHHS PO3TASIIAETHCH SIK BMiHHS AIOUHHA
aHaAi3yBaTH, OL[iHIOBATH Ta iHTepIIpeTyBaTH
iHdopMallito 3 TOYKH 30py PalliOHAABHOCTI,
JIOKa30BOCTi Ta o00’€KTHBHOCTI [2; 9]. ¥
Ipolieci mpodpecifinoi miAroToBKY MaiOyTHIX
yauTeAiB  (Qi3MKM KPUTUYHE MHCAEHHS
TPaKTYETbCS K iHTerpasbHa 30aTHICTH A0
rAHOOKOro  aHaaidy  Qi3UYHHX  SIBHII,
POpPMyAIOBaHHSI AOTIYHO  OOI'PYHTOBAHUX
BHCHOBKIB Ha OCHOBI €MIIipUIHUX
CIIOCTEPEXKEHb, BHSBACHHA  BHYTPIIIHIX
CyIIEPEYHOCTEH 1 HETOYHOCTEH y HAyKOBHUX
TBEP/PKEHHAX, a TaKOX apryMeHTOBAaHOIO
BIACTOIOBAaHHA BAACHOI IO3UIl  IIOAO
ckaamHuX  (Pi3MYHMX ~[OUTaHb  [2; 8.
3a3HauyuMo, L0 KPUTHYHE MHCAECHHHI 4K
LIAECTIPIMOBAHUM, AOTIYHO BIIOPSAKOBaHUMN
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ordered process of mental activity should
be carried out in accordance with certain

logical principles. Among the basic
criteria that regulate its implementation,
the fundamental laws of logic are

distinguished: the law of identity, the law
of non-contradiction, the law of the
excluded middle, and the law of sufficient
reason. Accordingly, the technology for
forming students' critical thinking should
be characterized by the presence of the
following structural components:

1. Defined learning objectives.

2. Conceptual frameworks reflecting
the theoretical foundations of the
approach.

3. Organizational forms of pedagogical
interaction.

4. Methods and
educational activity.

S. Means of diagnostics and evaluation
of the results of the educational
process [9].

However, the effective development of
critical thinking requires a specially
organized educational process that
includes elements of problematicity that
encourage mental activity.

One of the didactic resources for the
development of critical thinking is
physical paradoxes. A physical paradox is
understood as a phenomenon or
statement that contradicts intuitive ideas
or established scientific knowledge,
without violating the fundamental laws of
nature [1]. Such paradoxes arise because
of logical analysis, experimental research
or mathematical modeling of physical
processes. Their essence lies in
questioning familiar ideas, which requires
a more thorough rethinking of the
theoretical foundations of physics.

It should be noted that physical
paradoxes create situations of cognitive
contradiction in which the familiar idea of
a physical phenomenon or law contradicts
the results of observation or logical
analysis. Such situations activate mental
activity, encourage students to seek new
solutions, test assumptions, and rethink
knowledge.

For the effective use of paradoxes in the
professional training of future physics
teachers, it is advisable to adhere to the

techniques of

Iporiec PO3yMOBOi  HiSIABHOCTI, Mae
3AifiCHIOBaATHUCH BIAIIOBIIHO OO0 BU3HAYEHHX
Aorivapnx — npuHnumiB. Cepen  06a30BHX
KPUTEPIIB, III0 PETYAIOIOTH MO0 peaaizalliio,

BUOKPEMAIOIOTE (PYHAAMEHTAAbHI 3aKOHHU
AOTIKH: 3aKOH TOTOXKHOCTI, 3aKOH
HEeCYIIePEeYHOCTI, 3aKOH BUKAIOYEHOTO

TPETBOTO Ta 3aKOH [OCTATHBOI MifICTaBU.
BimmoBimro 1 TexHOAoria hopMyBaHHS

KPUTUYHOIO MUCAEHHS CTYIAEHTIB Mae
XapakTepu3yBaTUCs  HAsSBHICTIO  TaKUX
CTPYKTYPHUX KOMIIOHEHTIB:

1. BwusHaueHi 11iAl HaBYaHHSI;

2. KoHuenryaasHi OCHOBH, 1110

BiTOOpazkaroTh TEOPETHYHI 3acayl MiaXOmy;

3. Opramizauitini ¢opMu megarorigHoi
B3a€EMO/Iii;

4. Meronu Ta IIPUMOMH HaBYaAbHOL
JISIABHOCTI;

5. 3acobu miarHOCTHUKH Ta OIIHIOBAHHLI
Pe3yABTaTIB OCBITHROTO mIpoIlecy [9)].

Opnaxk e(peKTUBHUH PO3BHUTOK
KPUTHYHOIO MUCAEHHS ITOTpebye CreriaabHoO
OpraHi3oBaHOIO HABYAABLHOTO IIPOIIECY, SKUH
BKAIOYAE €AEMEHTH IIPOOAEMHOCTI, III0
CIIOHYKAa€ 0 PO3YMOBOI MiFIABHOCTI.

OgHuM i3 OUOAKTUYHUX PECYpPCiB OAs
PO3BUTKY KPUTHYHOI'O MUCAEHHS € (Pi3uyHi
napamokcu. Ilig diswyHNM HOapazoKCcoM
po3yMitoTh sgBuIlle abo TBEPIZKEHHS, SKe
CyIIepeYUTh IHTYITUBHHUM VyIBAEHHSIM abo
cpopMOBAHUM HAYKOBHUM 3HAHHAM, He
HOPYIIYIOYH MIPU IIBOMY (PYHIAMEHTAABHUX
3akoHiB mnpupomu [1]. Taki mnapamgokcu
BUHHUKAIOTh ¥ PE3YABTATI AOTIYHOTO aHAaAi3y,
€KCIIEPUMEHTAABHUX J[IOCAI/TXKEHD abo
MaTEeMaTHYHOTO MOJEAIOBAHHS  (Pi3MYHUX
TIPOIIECIB. Ixua CYTb IIOASITAE Y CTaBAEHHI IIifT
CYMHIB 3BHUYHUX YSIBA€HbB, 1110 BUMarae OiAbIIn
I'PYHTOBHOI'O IIEPEOCMHUCAEHHS TEOPETUIHUX
OCHOB (Pi3UKH.

BazHaynMo, 110 QIi3UYHI ITapagoOKCH
CTBOPIOIOTH cutyartii [1i3HaBaABHOIO
OPOTHPIUYL, y SKHUX 3BHUYHE YSIBACHHS IIPO
dizyyHe gBUINlE YU 3aKOH BCTyIlae B
CyIIEPEYHICTh 3 pesyabTaTamMu
CIIOCTepeKEHHS YU AOTIYHOTO aHaaily. Taki
CUTYyallii akKTHUBI3yI0TE PO3YMOBY MiSIABHICTD,
CIIOHYKAIOTh 3400yBadiB OCBITH [0 MOIIYKY
HOBUX pilllIEHb, IIEPEBIPKU IIPUILYIIEHb 1
IIEPEOCMUCAEHHS 3HaHb.

as e(peKTUBHOTO BUKOPHUCTAHHS
HapaokCiB y mOpodpecifiHili  ImiaroToBIii
MafOyTHIX yuuTeAiB (Pi3MKH  JOIIABHO
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following  principles: consistency -
paradoxes should logically fit into the
structure of the educational course;
scientificity - explanations should
correspond to the modern level of science;
variability — the involvement of paradoxes
of various natures (logical, empirical,
semantic); reflection — after analyzing the
paradox, a discussion should be
organized regarding the causes of the
contradiction, ways to overcome it, and
their significance for understanding the
topic. It should be noted that the
professional activity of the teacher plays a
significant role in the process of using
physical paradoxes during teaching
physics disciplines. He not only conveys
ready-made information to students but
also acts as a moderator of the cognitive
process, which directs students' learning
towards active research, critical thinking,
and independent interpretation of
knowledge. Its main functions are to
create a problem situation based on a
physical paradox, to form cognitive
interest, and to manage activity. The
teacher selects a physical paradox that
corresponds to the topic of the lesson, the
level of training of students, and causes
an internal contradiction. It is important
to present the paradox in the form of a
question or task that seems contradictory,
but at the same time arouses intellectual
interest. With the help of physical
paradoxes or unexpected results of
demonstrations, the teacher strengthens
the motivation to find an answer. This
helps to involve students in a deeper
understanding of the material.

In the process of working on the
paradox, the teacher guides the
discussion: asks clarifying questions,
helps to structure the course of thinking,
encourages logical analysis, and
compares theoretical propositions with
experimental facts. One of the key
pedagogical tasks is to form in students a
readiness to perceive ambiguity, the
ability to consider several hypotheses
without fear of mistakes [10]. The
teacher's task is to create an atmosphere
of trust where each idea deserves
consideration. The teacher also organizes
a discussion of physical paradoxes in

JOTPUMYBATHCh HACTYIIHUX IIPHHIIUIIIB:
nocnidogHocmi - apagoKCH MaloTh AOTIYHO
BIIICYBaTHUCh y CTPYKTYypPy HaBYaABHOTO
KypCy; Haykogocmi - TIIOSICHEHHSI MaloTh
BiAIIOBiZaTH Ccyd4acHOMY pPIiBHIO HayKH;
eapiamueHocmi - 3aAydeHHd I1apasioKCiB
pisHoi  mpupomu  (aoriuHi, eMITipUYHI,
CeMaHTU4YHi); pedpriexcii - TicAd aHaaily
apaioKCy CAi/l OpraHi3yBaTH OOTMOBOPEHHS
1010 MIPUYNH BUHUKHEHHS CYIIEPEYHOCTI,
maaxiB i momoaaHHA Ta 3HA4YEHHS [OAS
PO3yMiHHS TEMHU.

Cain 3a3HA4YUTH, IO CYTTEBY POAb Y
poiieci BUKOPHUCTAHHS dismyHUX
IapaZoKCiB I/l 4ac BHUKAQAHHA (Pi3UYHUX
OUCIUTIAIH Bifirpae mpodpecifiHa miIABHICTB
BUKAQJa4da. BiH He aullle OOHOCUTBH [0
CTYZIEHTIB roToBYy iH(popMallilo, a BUCTYIIAE
MOJEepPaTopoM IIi3HaBAABHOIO IIPOLIECY, IO
CIIPSIMOBY€E HaBYaHHS CTYZIEHTIB HAa aKTUBHE
MOCAI/PKEHHSI, KPUTHYHE MMCAEHHS Ta
CaMOCTiifiHy iHTepIIperamilo 3HAHb. koro
OCHOBHiI (QYHKIli MOAATAIOTH Y CTBOPEHHI
IpoOAaeMHOI cHUTyallii Ha OCHOBi (pi3HU4YHOrO
napazokcy, (opMyBaHHI IIi3HABAABHOTO
iHTEpecy, KepyBaHHI MidAbHICTIO. Bukaanad
nobupae  QizwuHUE  ITapagoKC, — IKHU
BiANIOBima€e TeMi 3aHATTH, PIBHIO ITiATOTOBKHU
CTYNEHTIB Ta  BHUKAMKAE  BHYTPILIHE
nIpoTupiudd. BaxkauBo mogaTu mapaziokc y
dopMmi muTaHHA 200 3aBOAHHS, IKE 34AETHCS
CyIIEpPEYAHBHM, aA€ BOJHOYAC BHUKAUKAE
IHTEAEKTYaAbHY 3aIliKaBACHICTb. 3a
JOTIOMOTOI0  (PI3UYHHX IIapasioKCiB  abo
HECIIOAiBaHUX Pe3yAbTaTiB OeMOHCTpalliti
BURAQIAY MiICHAIOE MOTHUBALIO /10 MOIIYKY
BignoBimi. Lle cripuge 3aAy9eHHIO CTYIEHTIB
10 TAUOIIIOTO OCMHCAEHHSI MaTepiaay.

Y mpomeci poboTu Ham IapagoKCOM
BHKAQIa4 CIIPSIMOBYE OOTOBOPEHHS: CTABUTD
YTOYHIOBaAbHI  3allUTaHHS,  [JolloMarae
CTPYKTYPyBaTH Xi MHUCAEHHS, 3a0X04y€E IO

AOTIYHOTO aHaai3y, CIIIBCTaBAECHHS
TEOPETUIHUX [IOAOKEHb 3
eKCIIepUMEeHTaABHUMHU (pakTaMu. OfHieo 3
KAIOYOBUX IIeIaroTiYHUX 3a1a4 €
dopMyBaHHA B CTYAEHTIB TOTOBHOCTi [0
CIIpUMHSTTA  HEOAHO3HAYHOCTI, BMIiHHS
poO3TAdIaTH KiAbKa TilloTe3, He OOS9HCh
nomuaokK [10]. 3aBmaHHa  BHKAgmada

CTBOPHUTHU aTMoc(epy AOBipH, Ae KOXKHA ifes
3aCAyTOBy€E Ha po3ragn. Takoxk BHKAaIAY
opraHizoBye 06rOoBOpPEHHS diznyHMx
apagoKCiB B Maaux rpymnax. [lo-niepire, BiH
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small groups. First, he coordinates group
work, delicately intervening if necessary.
Second, after the students independently
search for an answer and formulate a
hypothesis, the teacher summarizes the
results, reveals the scientific essence of
the paradox, points out errors of thinking
or interpretation, thereby contributing to
a deeper understanding of the physical
content. Third, at the end of group work
on the paradox, the teacher stimulates
students to reflect by asking questions.
For example: "How has your
understanding of the topic changed?
What was unexpected? What skills helped
in resolving the contradiction?

In the process of organizing a lesson
with students, the teacher can use
physical paradoxes such as:

* introduction to a new topic to
motivate students;

* problem situation when organizing
problem-based learning;

* means/tools of
discussion or debate;

* means/tools of independent research
activity;

* a learning case;

* means/tools of reflection.

The use of physical paradoxes at the
stage of introduction to a new topic is
based on the creation of a problem
situation. As emphasized, physical
paradoxes cause cognitive contradictions
in students, since they contradict their
previous knowledge or internal
understanding. Such  contradictions
stimulate motivation for learning, activate
cognitive activity and contribute to the
formation of interest in studying a new
topic. It should be noted that motivation
through paradoxes is based on the
activation of mechanisms of curiosity and
the search for explanations, which are key
for the effective assimilation of complex
physical concepts. Thus, paradoxes
create a problem situation, which is the
starting point of the creative cognitive
process. In this case, one should consider
the need for careful selection of a physical
paradox, which should correspond to the
content of the new topic and correspond
as much as possible to the level of
students' training. The selected paradox

organizing a

KOOPAWHY€E TpPYyHOBY PpoOOOTYy, HOEAIKaTHO
BTpydalodunuch y pasi mnorpebu. Ilo-mpyre,
IiCAsI CaMOCTIMHOTO TIOIIYKYy BiAMOBiMdi
CTy#ZeHTaMM 1  (POPMYyAIOBaHHS  HUMU
TiIoTe3n BHKAQAAY y3araAbHIOE PE3yABTATH,
PO3KpHBa€ HAYKOBY CyTh ITapa0KCy, BKa3ye
Ha IIOMHAKHW MHMCA€HHd abo iHTeprperartii,
THM CaMHUM CIPHULIOYH  IIOTAMOAEHHIO
po3yMiHHA pizuyHOrO 3Micty. Ilo-Tpere, Ha
3aBepIIEHHS I'PYIIOBOI POOOTH 3 ITapaOKCOM
BUKAQIa4 CTUMYAIOE CTYAEHTIB 10 pedAeKCii
3aal04y  IIHUTAHHS. Hampukaan: "SIk
3MiHHAOCS Barre po3yMiHHsa TeMu? [lo 6yao
HecroAiBaHUM? SKi HaBHYKM [OOIIOMOTAU Y
BUpIIlIEeHH] CyIepeyHoCTi?".

B mpomeci opramizamii 3aHaTTd i3
CTyZIEeHTaMH BUKAQIAY MOZKe
BUKOPHUCTOBYBaTH (Pi3UyHi ITapaOKCH dK:

. BCTYII IO HOBOI TEMH OAT MOTHUBAIIii
CTYOEHTIB;

e IIpoOAEMHA CHUTyAallisl TP OpraHizartii
IPOOAEMHOTO HaBYAHHS,

e  3acib opranisanii quckycii uu nebatis;

e 3acib caMOCTilfHOI HAyKOBO-IOCAiTHOI
JUSIABHOCTI;

e  HaBYaAABHHMN KeUC;

e  3acib pedpaekcii.

BukopucranHa (pi3HyHUX ITapaoKCiB HA
eTarli BCTYILy A0 HOBOI TeEMH I'PYHTYETHCSI Ha
CTBOpeHHiI mpobaemMHOI cutyarii. Ak 6yao

OiIKPEeCAEHO, dizuaHi apagoKCH
BUKAMKAIOTh Y CTYACHTIB IIi3HABaAbHI
IPOTUPIUYS, OCKIABKH CyIlepedaTh IXHIM

ronepeaHiM 3HaHHAM abo BHYTPIIIHEOMY
po3ymiHHIO. TaKu NPOTHUPIYYS CTUMYAIOIOTH
MOTHBAIliI0 [0 HaBYaHHS, AaKTHBI3YIOTb
IIi3HABaABHY  [JiSIABHICTH i CIIPUSIIOTH
dopMyBaHHIO 3aIliKABA€HOCTI y BHBYEHHI
HOBOI TeMH. 3a3Ha4yuMoO, III0 MOTHUBAIlf
Jyepe3 IMapa/loOKCH 3aCHOBaHA Ha aKTHBAllil

MEXaHi3MiB JOMUTAUBOCTI Ta  MOLIYKY
OSICHEHDb, III0 €  KAIOUOBHUMH  [JAS
e(peKTUBHOTO 3aCBOEHHS CKAQTHUX
dizraHIx [IOHATE. Takum YHUHOM,
napagoKCH CTBOPIOIOTH IPOOAEMHY
CUTyallifo, fKa € II09aTKOBOIO TOYKOIO

TBOPYOTO IIi3HABaAbHOIo IIpolecy. Ilpu
IIBOMY CAiZl BpaxoByBaTH HEOOXiIHICTb
pereabHOTO H060pPY (Pi3HYHOTO ITapPamgoKCy,
SKHWH Ma€ BiAMOBIiAATH 3MiCTy HOBOI TEMH Ta
MAaKCHUMAaAbLHO BIAIIOBIIATH PiBHIO
iArOTOBKU CTyAeHTiB. Bubpanuii mapamokc
IIOBUHEH MICTUTH SIBHY CYIIEPEYHICTH MIiXK
BHYTPIIIHIMU  yIBAEHHAMH CTYAEHTIB i
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should contain a clear contradiction
between the students' internal ideas and
scientific facts or laws. To be effective, the
physical paradox should directly relate to
the key concepts that will be considered
in the new topic. This will allow a logical
transition from a problem situation to an
explanation of theoretical material. It
should also be formulated in such a way
that students can understand its essence,
even if it contradicts their life experience
or previous knowledge. It is important
that the physical paradox can be
supported by an experiment,
demonstration or illustrative example.
The chosen paradox should stimulate
students to analyze, compare, formulate

hypotheses and search for rational
explanations, which develops critical
thinking.

Problem-based learning, in which

physical paradoxes act as key problem
situations, activates logical thinking and
analytical abilities of students. A
paradoxical situation requires students
not just to memorize facts, but to
independently search for cause-and-effect
relationships, form hypotheses and test
them. This corresponds to the basic laws
of the creative cognitive process, where
students go through the stages of posing
a problem, actively searching for a
solution and understanding the results.
This approach provides a deeper
understanding of physical phenomena
and contributes to the development of
scientific thinking skills.

Representing a physical paradox in the

form of a problem situation also
contributes to the integration of
knowledge from different fields, in

particular mathematics, chemistry and
computer science. This approach allows
you to consider the problem from different
angles, which increases the depth of its
understanding. The effectiveness of the
study is ensured by organizing work in
small groups with the active support of
the teacher, which stimulates
communication and interaction between
participants. Step-by-step discussion of
hypotheses, analysis of evidence and
formation of conclusions create a
structured process of cognition, which

HayKoBUMHU (pakTamMu abo 3akoHamu. [as
edpeKTUBHOCTI Pi3MYHUH ITapaJoKC IIOBUHEH
Oe3riocepeHLO  CTOCYBaTHCH  KAIOUYOBHUX
IIOHATD, SKi OyAyTH PO3rAdIATUCS y HOBIiH
TeMmi. lle 03BOAUTH AOTIYHO II€pedTH Bifg
npobaeMHOI  cuTyamii g0 — IIOsICHEHHS
TeopeTU4YHOro Matepiaay. Takoxk BiH Mae
OyTu chopMyABOBaHHM Tak, 00 CTYAECHTH
MOTAU YCBIIOMHUTH HOro CyTh, HaBiThb SKIIIO
BiH CyIIepedyUTh IXHbOMY KUTTEBOMY OOCBiLy
abo TonepenHiM 3HaHHAM. BaskaMBO 1100
diznyHuY mapagokc MoxHa Oyao O
MiAKPITUTH €KCIIEPUMEHTOM,
JEMOHCTpPALi€I0 a00 HAOYHUM IIPUKAQIOM.
OO6panuii mapaZloKC ITOBHHEH CTHMYAIOBATH

CTYNEHTIB [0  aHaaidy, IIOpiBHSIHHS,
dopMyAaroBaHHSA rimores i IIOLIYKY
pallioHaABHUX IIOSICHEHBb, III0 PO3BUBAaE

KPUTHYHE MHCAEHHS.
[IpobaeMHE HaB4YaHHS, V AKOMY (Qi3U4IHI

HapafiokCH  BHCTYNAIOTh 49K  KAIOYOBI
IpoOAeMHi cHUTyallii, akKTHBI3ye AOTiUYHe
MHUCAEHHH Ta aHaAITH4HI 311i6HOCTL
CTY[CHTIB. [TapamokcaabHa cutTyaliga
BUMAarae Big  CTyOeHTIB HE  IIPOCTO

3araM’sITOBYBaHHA (PaKTiB, a CaMOCTIHHOTO
TOIIYKY IIPUYMHHO-HACAIIKOBUX 3B’d3KiB,
dopMmyBaHHa rimore3 i ix mepeBipky. lLle
BiAIIOBiIa€ OCHOBHHUM 3aKOHOMipPHOCTAM
TBOPYOIO  IIi3HABAABHOIO IIpOILECy, M€
CTYAEHTH TIIPOXOAATH €Talu II0CTaHOBKU
IpoOAEMH, aKTHBHOIO IIOUIYKY PO3BI3KY i
OCMUCAEHHS pe3yabTaTiB. Takul migxin
3abe3rieyye TAMOIIE PO3YyMiHHA (Pi3SMYHUX
gBUNL 1 CHOpPUSE PO3BUTKY HaBUYOK
HayKOBOT'O MHCAE€HHSI.

[TpencraBaeHHA (PiI3MYHOIO MHAPALIOKCY Y
BUTASGL TIPOOAEMHOI CUTYAIlil TAKOXK CITPULIE
iHTerpallii 3HaHb i3 pi3HUX rasy3el, 30KpemMa
MaTeMaTHKH, xiMil Ta iHpopmaTuku. Taruii
OiOXi [J03BOASIE PO3TAIAATH MIpodAeMy 3
Pi3HUX CTOpPiH, LIO MiABHUIIYE TAUOWHY Il
ocMucAeHHS. EQeKTUBHICTL OOCAIIKEHHS
3a0e3reyyeThCsd OpraHizalliero poboTu B
MaAUX Tpylax 3a aKTUBHOI IIiATPHUMKH
BUKAQA4a, III0 CTUMYAIOE KOMYHIKallilo Ta
B3aEMOiI0 Mixk ydacHuKamu. Iloerarne
OOTOBOpEHHSI TIiIOTe3, aHaaAi3 [moKasziB i
dopMyBaHHA BHUCHOBKIB CTBOPIOIOTh
CTPYKTYPOBaHUH IIPOLIEC ITi3HAHHS, SKHUH
CIIpyude CHCTEMaTH4HIM IepeBiplli Ta
YTOYHEHHIO HAyKOBHX IIPHUILYIIIEHb.

BukopucranHa Qi3UYHHX apaioKCiB y
dopmaTi  OHCKyciii abo  pgebatiB €
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contributes to the systematic verification
and refinement of scientific assumptions.
The use of physical paradoxes in the
format of discussions or debates is an
effective didactic tool that promotes the
development of critical thinking and
communication skills. During the lesson,
physical paradoxes stimulate students to
actively formulate their own positions,
substantiate them with arguments, as
well as to analyze and evaluate alternative
points of view. From a didactic point of
view, this corresponds to the principles of
interaction-oriented learning, when
knowledge acquisition occurs through an
active exchange of ideas and cooperation
between participants in the educational
process. This approach increases
motivation for learning, since students act
as active subjects of cognitive activity,
which contributes to a  deeper
assimilation of educational material and
the development of key competencies.
The use of physical paradoxes in the
format of discussions or debates requires
adherence to a number of methodological
approaches that ensure the effectiveness
of this didactic tool. Tasks should be
conceptually related to the educational
topic, arouse cognitive interest, but at the

same time remain accessible for
comprehension based on  existing
knowledge. The formulation of open

questions that do not have a clear answer
is effective, which contributes to the
activation of critical thinking, the
formation of argumentation and analytical
thinking skills. It is also important to
adhere to the stages of the discussion:
familiarization with the physical paradox,
formulation of positions, justification and
counterargumentation, summing up. It is
advisable to integrate discussions or
debates with other teaching methods, in
particular experimental activities,
visualization of physical processes, use of
digital resources and analysis of primary
sources.

Physical paradoxes also contribute to
the formation of research competencies.
Involving students in scientific research
through the use of physical paradoxes
stimulates the development of the
following skills and abilities: mental

ePEeKTUBHUM IUAAKTUYHUM 3aCO00M, SKHUH
CIIpH{€E PO3BUTKY KPUTHYHOIO MICAEHHS Ta
HaBHYOK KOMYyHiKalli. B mpoiieci 3aHgarTa

dizryaHi IapasioKCH CTHUMYAIOIOTH
3m00yBaviB OCBITH 110 AKTHUBHOTO
dopMyarOBaHHS BAACHUX TIO3UILiH,

apryMeHTOBaHOTO IX OOIpyHTyBaHHS, a
TaKOXK /10 aHaAi3y U OLIHKU arbTepHaTUBHUX
TOYOK 30py. 3 AUAAKTHUYHOI TOUKH 30Dy, L

BiAIIOBiZac IPUHIUIIAM HaB4YaHHd,
OPIEHTOBAHOIO Ha  B3aEMOMIIO, KOAH
3aCBOEHHSA 3HAHbL BIiAOyBaeThbCcd  4epes

aKTUBHUH OOMIH AyMKaMM Ta CIiBIIPAlIlto
MK y4YaCHHKaMH OCBITHBOTO IIPOLIECY.
Takuii miaxig OiABUIYE MOTUBAIUIO [0
HaBYaHHS, OCKIABKU CTYAEHTH BHCTYIIAIOTH
9K  aKTHBHI cyb’ekTH Hi3HaBaABHOL
JISIABHOCTI, 1110 CIIpUsIE TAHOILIIOMY
3aCBOEHHIO HaB4YaABHOIO MaTepiaay Ta
PO3BUTKY KAIOYOBHX KOMIIETEHTHOCTEH.

3acrocyBaHHA (QI3UYHUX I1APAZIOKCIB Y
dopmaTi muckyciii abo npebatiB motpelye
OOTPUMAaHHA HU3KHU METOAWYHHUX ITiIXOIiB,
dKi 3a0e3NedyyroTh e(MEKTUBHICTH IIHOTO
OUOAKTHYHOTO 3acoly. 3aBaaHHA MAaloTh
Oyt KOHIIEIITYaABHO IOB’s3aHi 3
HaBYaABHOIO TEMOIO, BUKAHKATHU
Imi3HaBaABHHM  iHTepec, aae BogHOYAC
3aAUIIATHUCS OOCTYIIHUMU OAS OCMHCAEHHS
Ha OCHOBiI HagBHUX 3HaHb. EQEeKTUBHUM €
¢opMyAIOBaHHS BiIKPUTHX 3aITUTaHb, K1 HE
MaroTh OMHO3HAYHOI BiAIOBIiMAi, 10 CIIPUSE
aKTUBi3allii KPUTHUYHOIO MMCAEHHS,
dopMyBaHHIO HaBHUYOK apryMeHTallii Ta
aHAAITUYHOTO MHCAEHHs. TakoXK BasKAWBO
JOTPUMYBaTUCS €TarrHoCTi JUCKYCIl:
O3HaMlOMAE€HHSI 3 (I3UYHHM I1apaoOKCOM,
dopMyAIOBaHHS ITO3UIiH, OOIPyHTYBaHHA M
KOHTpapryMeHTallisd, Mia0UTTa ITiACyMKiB.
Jo1liAbHUM € IHTerpyBaHHS MOHUCKYCili abo
nebariB 3 IHIIMMHM METOAAMU HaBYAHHMI,
30KpeMa EKCIIEPUMEHTAABHOIO diSIABHICTIO,
Bi3yaai3alliero disuIHUX [IPOIIECIB,
BUKOPHUCTAHHSIM IU(PPOBUX PeCypciB Ta
aHaAi30M MEPIIOIKEPEA.

®i3nyHI NapaJZoKCH TaKOXK CIIPULAIOTH
dopMyBaHHIO JIOCAITHUITEKHUX
KOMIIETEHTHOCTeH. 3aAy4eHHS CTYAEHTIB 110
HaAyKOBUX [JOCAIPK€Hb depe3 3aCTOCYBaHHS
Gi3NYHUX NapPaoKCiB CTHMYAIOE PO3BHUTOK
HaCTyIIHUX YMIiHb 1 HaBHYOK: pPO3YMOBUX
(anaais, IIOPiBHSHHS, y3araAbHEHHH,
cucreMaTu3allisd, (POpPMyAIOBaHHS IIOHATH i
IAAQHYBaHHS  OOCAIMPKEHHd), NOWYKO8UX
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(analysis, comparison, generalization,
systematization, formulation of concepts
and planning of research), search (working
with various sources of information,
structuring and  evaluating  data),
communicative (discussion of paradoxes in
groups, finding compromises,
cooperation), experimental (setting up
experiments, processing and interpreting
results) [5]. With this approach, students
can independently choose a physical
paradox or receive it in the form of a
formulated scientific problem. This
activates internal  motivation and
responsibility for the result of the research
and also develops problem-solving skills.
Also, in the process of work, students
carry out a comprehensive analysis of
existing theoretical concepts related to the
selected physical paradox. They perform

calculations, modeling or experimental
research, which allows them to
understand the essence of the

phenomenon more deeply and develop
practical skills in applying the scientific
method.

It should be noted that the results of the
research are presented in various formats
— poster presentations, oral presentations

or scientific articles. This form of
information presentation contributes to
the development of communicative

competences, the ability to structure the
material and present one's own ideas in a
reasoned manner. Finally, an important
stage is the reflective assessment by
students of the contribution of their own
research to the understanding of physical
phenomena. This process stimulates
critical  thinking, self-analysis and
awareness of the significance of scientific
activity. As noted above, a physical
paradox can act as a learning case, which
describes a real or hypothetical situation
with unexpected consequences that
requires explanation.

The case method in teaching physics is
based on the analysis of specific examples
and situations in which contradictions
between theoretical propositions and
actual observations may appear. It is this
contradiction between knowledge and
reality that is the basis of paradox, which
plays an important role in the educational

(pobota 3 pizHHUMM mKepesaMu iHopMarlii,
CTPYKTYypU3allid Ta OLlIHKa  JaHUX),
KOMYHIKamueHUxX (0OroBOpeHHS ITapagoKCiB
y Ipylax, IIOIIYK KOMIIPOMICIB, CIiBIIpalld),
eKcnepumMeHmaibHUX (IOCTaHOBKA MOCAIMIB,
0obpoOKa Ta iHTepriperallisa pe3yAbTartin) [5].
[Ipu TakoMmy MAXOAi CTYAEHTH MAalOTh
MOZKAUBICTH CaMOCTiHHO obupaTy (pisuyHUH
napazokc abo oTpuUMyBaTH HOro y BUTAGMI
copMyabOBaHOi HayKoBoi ITpobaemu. lle
aKTUBI3y€ BHYTPIIIHIO MOTHBAIlil0 Ta
BiIIOBiIaABHICTD 3a pe3yApTaTt
JOCAI/I>KEHHSI, a TaKO3K PO3BUBa€ HABUYKU
IIOCTaHOBKU IIpobaemu. Takoxk, y IIporieci
POOOTH CTYIEHTH 3/iHCHIOIOTH KOMIIACKCHUIH
aHaai3 HaIBHHUX TEOPETUYHUX KOHIIEIIIIiH,
II0 CTOCYIOTbCH  obpaHoro  (pi3MIHOTO
napazokca. BoHH BHKOHYIOTH PO3pPaxyHKH,
MOIEAIOBaHHSI abo €KCIIepUMEHTaABHI
JIOCAI/T?KEHHS, III0  [JO3BOAME ramuoIe
3PO3yMITH CYTHICTH SIBHIIIA Ta PO3BUBATHU
IPaKTHUIHI HaBUYKU 3aCTOCYBaHHS
HayKOBOTI'O METO.Y.

3a3HayuMo, 110 PEe3yABTATH JOCAITKEHHS
IPE3eHTYIOThCH Y PidHUX ¢opmarax
TIOCTEPHHUX MIOMOBIIAX, YCHUX MPE3eHTALlisTX
abo HaykoBHX cTaTrTaxX. Taka ¢opma
nogaHHs iHQopMallii CIpusge PO3BUTKY
KOMYHIKaTHUBHHUX KOMIIETEHTHOCTEH, YMIHHIO
CTPYKTYPyBaTH MaTepiaa i apryMeHTOBaHO
BUKAAIaTH BAACHI izei. Hapernti, BaxkauBUM
eTarioM € pedPACKCHUBHA OIliHKA CTYACHTaMH
BHECKY BAAQCHOTO [OCAIIPKEHHS Y PO3yMiHHS
diznmuHux gBul. Llef mporec CTUMYAIOE
KPUTHUIHE MHUCAEHHS, camMoaHaai3 i
YCBiZIOMAEHHSA 3HAYYIIOCTI HayKOBOi
IISABHOCTI.

9k Oyao 3a3HadeHO BUIle, QIZUIHUN
HapagoKC MOX€ BHCTyHaTH y  pPoai
HaBUALHO20 Kelicy, B SIKOMY OIIHCYETBHCS
peaabHa abo TiNOTeTHYHa CUTyallid 3
HECTIOMIIBAHUMH HACAIIKAMH, II0 IT0Tpedye
TIOSICHEHHSI.

Keiic-meTon

I'PYHTYETHCS
OPUKAQIIB 1

y  HaB4aHHI dizuru
Ha  aHaAi3li  KOHKpPEeTHHX
cuTyalliff, y gKHUX MOXYTb
IIPOSIBASITHCH CyII€pEYHOCTI MIixK
TEOPETUIHUMU TIOAOZKEHHSIMU Ta
¢akTHIHUMH criocTepekeHHIMH. Came Take
IPOTUPIYYS MiDK 3HAHHSMU i PEaAbHICTIO €
OCHOBOIO IIapaJoKCAaAbHOCTI, IO Bifirpae
BaXKAUBY pPOAb Yy HaBYaABHOMY IIPOILIECI.
3aBOgKM LbOMY CTYAEHTH MAalOTh 3MOTY
IWNZ (I OCMHCAIOBATU dizuuaHi
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process. Thanks to this, students can
more deeply understand physical laws,
are actively involved in cognitive activity,
and develop the ability to analyze and
make informed decisions.

The main functions of the physical
paradox within the case method in the
study of physics include:

Creating a cognitive problem situation
that does not have an obvious or unique
solution, which encourages discussion

and the search for non-standard
approaches;
Increasing learning motivation and

interest due to contact with non-trivial
aspects of physical science;

Developing  critical  thinking and
analytical skills, as well as the ability to
work with ambiguous information;

Integrating theory with practice through
the analysis of examples close to real or
simulated scientific situations;

Developing research and professional
competencies that are important for
further scientific or applied activities.

It is worth noting that the case should
contain elements of practical activity or
history of physical science, questions for
analyzing the situation, the possibility of
using physical modeling or computer
simulation tools.

Another effective approach is to use a
physical paradox after completing the
study of the topic in order to diagnose the
level of knowledge acquisition, develop
reflection skills and stimulate rethinking
of the studied material. This approach
allows not only to identify the level of
formation of subject competencies, but
also to activate critical thinking processes.

Along with physical paradoxes, it is

advisable to use the following
methodological techniques:
brainstorming, pair work, creating
diagrams and tables for analyzing
different points of view. In our practice, we
use the following combinations of

methodological techniques and physical
paradox:

Conversation method with different
wording of questions: Ladder paradox
(relativistic reduction of length) — at the
beginning we ask the question: "Can a
ladder longer than a garage fit inside?", in

3aKOHOMIPHOCTi, aKTHUBHO 3aAy4alOThCd 10
Ti3HaBaABHOI MISIABHOCT, PO3BUBAIOTH
YMiHHS aHaAi3yBaTH 12t npu¥iMaTH
OOTPYHTOBAHI PillIEHHS.

OcHoBHi yHKIIiI Pi3UIHOTO ITapasiokCcy B
MeXaxX KeHC-MeTomy IIii Yac BHUBYEHHS
i3MKN BKAIOYAIOTE:!

CMBOpEeHHST NIZHABANLHOI  NPobeMHOT
cumyauyii, gKa He Ma€ O4YeBHIHOIO abo
€AWHOTO  PIlIeHHs, III0 CIOHYKa€e [0
OOrOBOPEHHHA Ta IIOUIYKYy HeCTaHIAapPTHHX
MiaxomiB;

NIOBUWEHHS HA8UAILHO! Mmomusaull ma
3ayikaeneHocmi, 3yMOBA€HE 3iTKHEHHAM 3
HETPUBIAaABHHUMHU  acnekTaMu  (Pi3udIHOi
HaYKU;

pOpMYBAHHSL KPUMUUHO20 MUCTEHHSL MA
AHAUMUUHUX HABUUOK, a TAaKOXK 3aTHOCTI
IpaloBaTi 3 HEOTHO3HAYHOIO
iHpopMalli€ro;

iHmezpayiss meopii 3 NPAaKmMuKow depes
aHaAi3 IPUKAQIIB, HAOAMKEHUX 10 PEaABHUX
abo 3MOEeALOBAHUX HAYKOBUX CUTYALlill;

P0o38UMOK OOCNIOHUUBbKUX | NpogheciliHux
KomnemeHmHocmetl, 110 € BasKAUBUMU [JAS
IOJAABIIOI  HAYKOBOI abo  ITPHKAQIHOI
IISABHOCTI.

Bapto 3a3HaunTH, 110 KEHC Ma€ MiCTUTH
€AEMEHTH ITPaKTHYHOI MiIABHOCTI abo icTopil
¢iznyHOI HAYKH, 3allUTaHHS [AS aHaAi3y
cUTyallii, MO3KAWBICTB BUKOPUCTAHHS
IHCTPYMEHTIB (pi3MYHOTrO MOAEAIOBAHHS abo
KOMITFOTE€PHOI CUMYASIILII.

[HmmM ~ ePeKTUBHUM  IIiAXOOM €
BUKOPHUCTAHHS (PI3MYHOTO MapagoKCy ITiCAS
3aBEpPIIEHHS] BUBYEHHS TE€MH 3 METOIO IAS
OIaTHOCTHMKU pPIBHA 3aCBOE€HHS  3HAaHB,
dopMmyBaHHA YMiHb pedaekcii Ta
CTHUMYAIOBaHHSI TIEPEOCMUCACHHS BUBYEHOTO
Marepiaay. Takuil miaxin H403BOASE HE AMIIIE

BUABUTH piBEHDb ccpopmoBaHOCTI
OpeaMeTHUX  KOMIIETEHTHOCTeM, a U
aKTUBI3yBaTH IIPOLIECH KPUTHUYIHOTO
MUCAEHHSI.

Pazom i3 iszmyHMME ©apazoKcaMu
JIOLTIABHO 3aCTOCOBYBaTH HaCTyIIHi
METOAWYHI IMIPHUHMOMH: MO3KOBHH IITypM,

poboTy B mmapax, CTBOPEHHS CXeM i TabAHIIb
[AS aHaAIly PIi3HHUX TO4YOK 30py. B Hamriit
IPaKTHIlI MH BHKOPHCTOBYEMO HACTYIIHI
IIOEAHAHHS  METOOWYHHX  I[IPUMOMIB i
¢ism9HOTO TTapasIoKCy

Memoo beciou 3
POPMYNIOBAHHAMU — 3GNUMAHD!

PIBHUMU
apaioKkC
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the process of discussion: "How does
motion affect the perception of the length
of objects?" This stimulates a deeper
understanding of relativistic effects.

Demonstrations with discussion in
pairs: Mpemba's paradox (hot water
freezes faster than cold water). Work in
pairs begins with a demonstration of an
experiment or video, and then students
discuss possible causes and
contradictions in pairs, which develop
critical analysis skills.

Hypothesis  generation: Maxwell's
paradox (a demon that violates the second
law  of thermodynamics) students

formulate hypotheses on how this paradox
can be explained or solved, which develops
scientific thinking.

Problem formulation: Zeno's arrow
paradox (students state a problem that
illustrates the issue of continuity of
motion and time, which helps to better
understand the concepts of infinity and
the division of time).

Using digital technology: The
submarine paradox. In a virtual lab,
students must simulate the motion of a
submarine diving into water at high speed
and observe the characteristics of the
experiment.

Conclusions and research
perspectives. Thus, the use of physical
paradoxes in the process of professional
training of future physics teachers is an
effective didactic tool for the formation of
critical thinking. Paradoxical situations
create a cognitive conflict that stimulates
students to analyze, reflect, reassess
existing knowledge, form new ideas and
defend positions with reason. This
approach contributes to increasing
cognitive activity, developing scientific
thinking skills and forming the ability to
make rational decisions based on
evidence.

The use of physical paradoxes in the
educational process acts as a motivational
tool for introducing a new topic, as a
problem task during the assimilation of
the material, as a basis for organizing
discussions and debates, as a means of
independent research activity, as an
element of the case method and as a tool
for reflection.

OpabuHU  (PEeAITHUBICTCBKE  CKOPOYEHHS
JOOBXKWHH) — Ha II0YaTKy CTaBHMO
sanuTadHsg: "Hu Moxke apabuHa, OOBIIA 3a
rapa, IIOMICTUTHCH BCEPEeOUHY?", B IIPOLIECi

obroBopeHHd: "9IK BHAMBaE pyxX Ha
COPUMHATTS  OOBXWHH  0o0’ektiB?' lle
CTUMYAIOE TAHOIIIE OCMUCAEHHST

PEASITUBICTCHKUX €(PEKTIB.

LemoHcmpauyii 3 062080peHHIM Y napax :
napagokc Mmoembu (rapstia Boza 3aMepsae
mIBUAIIE 3a XoAaoaHy). Pobora y mapax
IIOYHMHAETHCA 3 AEMOHCTpPALIil eKCIIEPUMEHTY
abo Bizeo, a IOTiM CTyAE€HTH 00rOBOPIOIOTH B
mapax MOXKAWBI IPUYHHU i IIPOTHUPidYs, 10
PO3BHBa€E HABUYKHU KPUTHUYHOTO aHaAi3y.

BucyHeHHs 2zinome3s: napagokc MakcBeasa

(eMoH, 110 TOPYUIyE OPYTUH  3aKOH
TEPMOAUHAMIKH) - CTYAEHTH (POPMYAIOIOTH
rimore3d, 4K el IapaJoKC MOXKHa

IOSICHUTH ab0 po3B’a3aTH, III0 PO3BUBAE
HAYKOBE MHCACHHS.

CrnadaHHs 3a0au. TIapafiokC  CTPIiAK
3eHOHaA - CTYOEHTH CTBOPIOIOTH 334adi, dKi
IAIOCTPYIOTH IIpo0AeMy Ge3IepepBHOCTI PyXy
1 yacy, IO JoloMarae Kpallle 3pOo3yMiTH
KOHIIEITIIi{ HECKIHYeHHOCTI 1 moMiAy Jacy.

BukopucmaHHs. yugposux mexHo02il:
napagokc cyomMapuHH. Y  BipTyaAbHiH
AabopaTopil CTYIeHTH MOBHUHHI 3MOJEAIOBATU
PyX cyOMapuHH, III0 3aHYPIOETHCH Y BOAY 3
BEAWKOIO MIBHIKICTIO Ta CIIOCTEpiraté 3a
XapaKTEPUCTUKAMH JIOCAILY.

BHCHOBKH TA IIEPCIEKTHBH
ZAOCAiIZKEHb. Otxe, BUKOPHCTaHHS
¢i3myHMX ITapaIoOKCiB Y IIpoIieci ImpodpeciiHol
OiArOTOBKH MaMOyTHIX YYUTEAIB (I3UKU €
e(PeKTUBHUM JUAAKTUYHUM iHCTPYMEHTOM
oA POpMyBaHHSA KPUTHYHOIO MHCACHHS.
[TapamokcaabHi cuTyarlii CTBOPIOIOTH
Mi3HABAABHUM  KOH(MAIKT, III0 CTHMYAIOE
3mo0yBadiB OCBITH OO0 aHAAI3y, OCMHUCAEHHS,
IIEPEOLIHKY HasgBHUX 3HaHb, (POpMyBaHHS
HOBHX  y9dBACHb i apryMeHTOBAaHOIO
BiACTOIOBaHHS ITO3UITiH. Takuii miaxin copuse
MOBUIIIEHHIO  ITi3HABAABHOI  AKTHBHOCTI,
PO3BUTKY HaBHYOK HAYKOBOI'O MHCAEHHS Ta
dopMyBaHHIO 3[aTHOCTI [0 IIPUMHATTS
pallioHaABHUX PillleHb Ha OCHOBI JI0Ka3iB.

BukopucranHsa Qi3MYHHUX TapagoKCiB y
HaBYaABHOMY  IIPOLIECI  BHCTyIAE K
MOTHUBAILUWHUI IHCTPYMEHT [AS BBEACHHS
HOBOI TeMH, SIK IIPoOAEMHE 3aBIaHHS ITiJ Jac
3aCBOEHHSI MarTepiaasy, S$SK OCHOBAa [AS
opraHizamii AUCKyciii Ta aebartiB, gk 3acib
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The use of physical paradoxes in the
system of training pedagogical personnel
not only contributes to a deeper
assimilation of subject content, but also
forms the key competencies of a modern
teacher — criticality, flexibility of thinking,
independence and the ability to
constantly search. This approach meets
the objectives of the modern educational
paradigm, focused on personal
development, research-based learning
and interdisciplinary integration.
Prospects for further research include the
development of systematic
methodological support for the use of
physical paradoxes in the educational
process, the creation of didactic

CaMOCTIMHOI OCAITHUIILKOI MiSIABHOCTI, 4K
eAeMeHTa KeMc-MeTony Ta SK iHCTPYMEHTY
pedaekcii.

3acrocyBaHHa (PiSMYHUX MapasoKCiB y
CHCTEeMI ITiATOTOBKU IIeJaroTiYHIX KaapiB He
AWIIIIE  CIIPpUFE  TAHUOIIIOMY  3aCBOEHHIO
IIpeAMETHOTO 3MicTy, a ¥ popMye KAIOYOBI

KOMITETEHTHOCTI Cy4acCHOTO BYHTEAd —
KPUTHUYHICTD, THYYKICTb MHUCAEHHH,
CaMOCTIHHICT, 1 34aTHICTL OO0 IIOCTIHMHOIO
TIOIIYKY. Takwuii T X BiAIIOBimace

3aBAAHHAM Cy4acHOI OCBITHBOI IIapagyurMHU,
opieHTOBaHOI Ha OCOOHCTICHUH PO3BUTOK,
JOCAITHUITEKE HaBYaHHS Ta
MDKIUCHHUTIAIHAPHY iHTeTrparliito.
[lepcrieKTHBH MNOAAABIINX [OCAIIKEHb
IIOASITAIOTh Y PO3POO0I CHUCTEMATHU30BAHOTO

materials, cases and digital simulations, | MmeTomguyHOrO 3abe3reyeHHd 3
as well as conducting empirical research | Bukoprucranua ¢i3UYHHUX [apPaIOKCIiB Y
on the impact of the use of physical | HaBuasbHOMY IIPOIIECi, CTBOPEHHI
paradoxes on the dynamics of the | ammakTrnaamrx  MmarepiasiB, KeWUciB Ta
development of  students'  critical | mudpoBUx  cumyadIiiii, a TaKoX ¥y
thinking. IIPOBEACHHI EMIIIPUYHUX JOCAIIKEHBb III0JI0

BIIAUBY BUKOPHUCTAHHS dizmuHmx

napagoKCiB  Ha  AUHAMIKY  PO3BUTKY

KPUTHUYIHOI'O MHUCACHHA CTYILCHTiB.
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