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®PI3UYHA TEOPIA: KJIIOUYOBI TEPMIHU TA ii MATEMATHUYHA
KOMIIOHEHTA
PHYSICAL THEORY: KEY TERMS AND ITS MATHEMATICAL COMPONENT

AxmyaavHicms memu 00CATOHCEHH.
TI'onosnum 3a80aHHAM AK OCHO8, maxk 1
dinocodii @pisuku € ananiz i nepebydosa
disuunux meopiii, caid 6yao 6 nouamu 3
xapakmepucmuxku  @$isudHoi  meopii 8
Hall3azanvHiwux mepminax. Ha nepwutl
nozan0, ye 3a80aAHHA He € 0CODAUBO BANHCKUM.
Hacamneped, y ¢pizuuHiii meopii Hemae HI1020,
OKpiM Mmamemamu4Hoz20 dopmanizmy,
3abe3neuerno2o Hi3uyHON THMepnpemauiero i
30amHo20 00 CniBiICHYBAHHA 3 THWUMU
meopiamu 1 wo Moxce 6ymu nepegipeHuM
excnepumenmom. Ile eueasdae kpacugo 1
3s8yquums docums npocmo, npome Hacnpasoi €
CKAAOHOM CNPAsoio

INocmanoexka npooaemu. Ilfo €
npunyweHHamu i meopemamu uiei GiauuHoi
meopii, sKwo 8oHa bepembwvcs 3a dosedeHy, - ue
npocmo mamemamu4Hi meopemu abo wWochb
we?- Yu eduHumM uYUHOM BU3HAUAIOMDb
dopmaniam  @pizuunoi  meopii  KAHOUOBI
dopmyau, aKi Mu xouemo cucmemamusysamu,
abo icHyomMb arbmepHamueu, 1 AKWo cnpasa
ide came mak, mo 4u ex8i8aneHMHI B0OHU 8 YCIX
gioHowennax? Ile auwe Oeaxi 3 06e3aiul
numatxb, AKI cmasums neped HaAMu came
nouamms @izuuHoi meopii. IaubuHa 1
2ocmpoma KOXMCHO20 3 HUX MAki, wWo Ha
bazamo 3 HUxX He MoXcHa eldnosicmu tHaKuie,
aKk  @dyndamenmanvHoro cmammero  abo
Hasimbv UiLn010 KHU20t0. Yce ue niomeepoxcye
3a2anbHe NPasuno: wWo € 04eUOHUM O0As
npakmuka Hayku, moxce bymu npobaema-
muuHum 044 it @inocoda. Ockinbku mu He
MOXHCEMO  3almMamucs KOMNCHOW MOXCAUBOHD
npobaemoro  ocHos  Pi3uku 1  KOHCHON
dinocodcvkoro npobaemoro, noe’s3aHow 3
@di3uvHUMU Meopiamu 83azani, mu subepemo
0219 po32aa0y minvku 0esKl 3 HUX.

AHanaiz ocmaHHix docaiddceHb 1
nyoaikauiit. Pyx 6i0 kaacuunoi @izuxu 0o
cyuacHoi 8106ysascs 8HACAI00K BUHUKHEHHS 8
KaacuuHilt meopii Husku napadokxcie. Ils
ocobausicmb xapakmepHa y 8idomiil Mipi 04
enexmpomazHimHoi  meopii  Maxceeana,
meopia gi0HocHocmi EliHwmetina ma iH.
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M. €. Uymak
B. B. Ebumenko

Urgency of the research. The main
task of both the foundations and the
philosophy of physics is the analysis and
restructuring of physical theories that
should begin with the characterization of
physical theory in the most general terms.
At first glance, this task is not particularly
difficult. First, there is nothing in physical
theory but mathematical formalism,
provided by physical interpretation and
capable of coexistence with other theories
and which can be verified by experiment. It
looks beautiful and sounds simple, but it's
actually a tricky thing to do.

Target setting. What are the
assumptions and theorems of this physical
theory, if it is taken for granted, are they
Jjust mathematical theorems or something
else? - Do the key formulas that we want to
systematize determine the formalism of
physical theory in a single way, or are there
alternatives, and if so, are they equivalent
in all respects? These are just a few of the
many questions posed by the very notion of
physical theory. The depth and acuteness of
each of them are such that many of them can
not be answered otherwise than as a
fundamental article or even a whole book.
All this confirms the general rule: what is
obvious to the practice of science can be
problematic for its philosopher. Since we
cannot deal with every possible problem of
the fundamentals of physics and every
philosophical problem connected with
physical theories in general, we shall choose
to consider only a few of them.

Actual scientific researches and
issues analysis. The movement from
classical physics to modern physics
occurred as a result of the emergence of a
number of paradoxes in classical theory.
This feature is characteristic to some extent
of the electromagnetic theory of Maxuwell,
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ITocmanoeka 3as8daHHa. Cnpobyemo
PpO32ASTHYMuU  KAWU08l mepmiHu  Pi3uuHol
meopii 1 nokazamu poab MaAMeMamuyuHol
KOMNOHEHMU 8 il CMBOPEeHHI.

Buxkaad ocHoeHO20 mamepiany. Y

cmammi posaasdaromuvess  0eski  CY4acHi
npobaemu  memodoao2ii  ocHos  Hi3uku,
30Kpema: du Micmamb  MaAmMemMamuuMi

dopmaniamu itHmepnpemauii camux cebe abo
ac ix Heobxi0HO donosHiosamu iHmMepnpema-
yiliHumu nepedbaueHHAMU, 1 AKULO0 MAK, MO AK
ui  nepedbaueHHsa  dopmyarsamu;  wo
onucyroms @i3uuHi meopii: GizuuHi cucmemu
yu nabopamopHi onepauii, vu me vu iHwe, Yu
HI me, HI Hwe; AK cAl0 86800UMU OCHOBHI
noHAMmMs meopii, WAAXOM NOCUNAHb HA
BUMIPIOBAILHI Onepauii, Yu 3a 00NOMO2010
YImxux susHavetb, abo i aKcloMamuuHo; K
gidHOCAMbCA MiHC coO0t0 hi3uuHi meopii; K
meopis cniBeiOHOCUMbCA 3 eKCNePUMEHMOM:
be3nocepedHbo HU 3a 00NOMO2010 000aMKOBUX
meopiil

BucHoeku. Y cyuacHux @inoco@pcvKux,
mamemamuuHux 1 NPUPOOHUUO-HAYKOBUX
Mo8ax nid meopier po3ymiemscs He NPoCcmo
sunadkosa Jymka, a 2inomemuxko-
dedykmueHa cucmema, mobmo  6e3niu
dopmya, wWo NopooHcYrMsbe 3a 00NOMO2010
A02IKU 1 Mamemamuku 2pynorw nouamrosux
npunywexs. Yepe3 cninbHicms 0eaKUX 3 Yux
nouamxkogux  NpunyweHb, a = MaxKoxuc
Moxcaugocmell 048 nepemeopeHHs, Kl
HadarmvbCsa N1021K0N0 1 MAIMeMamukxo0, KOMCHA
meopisi € 0essK0W HeCKIHUeHHOI MHONCUHON
dopmya.

Poav mamemamuxu 6 cyuacHiil Hayui
noositina: opmysaHHa NOHAMb 1 06HUCAEHHS.
Hemae nonammsa mummesoi weudkocmi 6e3
noHsamms noxioHoi, Hemae 3aKoHYy pyxy 6e3
JdugeperyianbHux abo onepamopHuUX PIBHAHb.
MamemamuuHi nNOHAMMA - Ue He Aullle 3PYHUHIT
00noMmiicHI 3acobu, 80HU € Camorw CYymmio
disuuHux idetti. I npocme npopoumeo
MaiitbymHvbo020  CMaHy cucmemu abo
8ipo2idHOoCcm1 38epuieHHs miei abo iHwoi nodii
6y.n0 6 Hemoxdcausum 6e3 dedyxkmusHoi cuau
BHYMPIWHLO  NPUCYMHBLOL  PopManizmy
meopii. I[a OdedykmueHa cuaa HacmMiabku
epaxcawoua, WO MU HACMO NpazsHemo
npupigHiogamu meopemuuHy Pizuxy
obuucaenHsam,  3abysawvu  npo  poAab
mamemamuxie 8 camomy — PHopMYBaAHHI
Pi3UUHUX NOHAMD, hopMYy.a 1 meopiil

Kmouoet caoea: @izuuHa meopis,
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Einstein's theory of relativity, etc.

The research objective. We will try
to consider the key terms of physical theory
and show the role of the mathematical
component in its creation.

The statement of basic materials.
The article deals with some modern
problems of the methodology and
foundations of physics, in particular:
whether mathematical formalisms contain
interpretations of themselves or whether
they need to be supplemented by
interpretive predictions, and if so, how these
predictions are formulated; what physical
theories describe: physical systems or
laboratory operations, either one or
another, or neither of them; how the basic
concepts of theory should be introduced, by
reference to measuring operations, or by
means of clear definitions, or axiomatically;
how physical theories relate to each other;
how theory relates to experiment: directly
or with the help of additional theories.

Conclusions. In modern philosophical,
mathematical and  natural-scientific
languages, theory is understood not just as
a random thought, but as a hypothetical-
deductive system, that is, a set of formulas
generated by logic and mathematics by a
group of initial assumptions. Because of the
commonality of some of these initial
assumptions, as well as the possibilities for
transformation provided by logic and
mathematics, each theory is some infinite
set of formulas.

The role of mathematics in modern
science is twofold: the formation of concepts
and computation. There is no instantaneous
velocity without derivative, no law of
motion without differential or operator
equations. Mathematical concepts are not
only convenient aids, but they are also the
very essence of physical ideas. And a simple
prophecy of the future state of the system or
the probability of this or that event would be
impossible without the deductive power of
the internally present formalism of the
theory. This deductive force is so striking
that we often tend to equate theoretical
physics with computation, forgetting the
role of mathematicians in the very
formation of physical concepts, formulas,
and theories.
basic

Keywords: physical theory,
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OCHOBHI mepMiHu Pizuunoi meopii, | terms of physical theory, mathematical
MmamemamuuHa KOMNOHeHMa meopii component of the theory.

AxrtyanpHicTh TeMHu. OCKIZIBKM TOJIOBHUM B3aBJIaHHAM SK OCHOB, TaK i
dimocodii ¢isuku € aHasi3 i mepedyzoBa Gi3UUYHUX TEOpiH, ciijg Oyso 6 moyatw 3
XapakTepruCTUKU (Pi3UUHOI Teopii B HaW3arajpHImMMuX Tepminax. Ha nepmmuii norsisz,
Ile 3aBJlaHHA He € 0co0uBO BaxKKUM. Hacamriepes, y dbisuuHii Teopii Hemae Hidoro,
OKpiM MaTeMaTU4HOTO ¢dopMaiizaMy, 3abe3nedueHOro (Gi3MYHOI0 IHTepIIpeTaliclo i
37JaTHOTO JI0 CITiBiCHYBaHHs 3 IHIIMMH TEOPiIMH 1 IO MOXKe OyTU IepeBipeHuM
ekcriepuMeHTOM. [le BUTIISAa€ KPacHUBO i 3BYYUTH JIOCUTH IPOCTO, IIPOTE HACIIPAB/Ii €
CKJIJTHOIO CIIPABOIO.

ITocraHoBKa mpoGJaemMu: Po3riisiHEMO HACTYIIHI TUTAHHSA, BIATIOBICTH HA AKi
3a IOTIOMOTOI0 HaBeJIeHOTO BUIIe BU3HAUEHHS BUABJIAETHCA AyKe BAKKO.

- [lTo € mputymeHHAMY i TeOpeMaMH I1i€l Gi3UYHOI Teopii, AKIIO BOHA OepeThes
3a JIOBEJIEHY, - IIe IPOCTO MaTeMaTHUYHI TeopeMu abo I0Ch I1e?

- Uu emuHUM YHWHOM BU3HAYAIOTh (opMmaiisM ¢Gi3UYHOI Teopil KITIOYOBI
dbopmysnu, AKI MU XOUeMO CUCTEMATU3yBaTH, ab0 ICHYIOTb aJIbTEPHATUBH, 1 AKIIO
cIpaBa iie came Tak, TO U4 eKBIBaJIEHTHI BOHU B YCIX BiZ[HOIIIEHHAX?

- [ITo maroTh Ha yBasi, KOJIU FOBOPATH PO (Pi3UUHY IHTEPIIpETaIlifo, - HAOUHY
MO7ieJTb, MEXaHIUHY aHAJIOTiI0, TOCUJIAHHA Ha JJabopaTopHi omepariii abo Ha 30BHIIITHI
00'exTH abo mock 1e?

- [ITo maroTh HaA yBa3i, KOJIM TOBOPATH PO CITIIBICHYBAHHSA TeOPpiit? Uu pocTo 11€e
iX JIOTIYHA CyMICHICTh UM TAKOK YaCTKOBe IePEKPHUBAHHS 1, 0T)Ke, B3aEMHA JIOIIOMOra
1 mepeBipka?

- fAx crmig TaymMauuTu BUpa3 “eKClIepUMeEHTaIbHA IepeBipKa”: AK Te, IO
BIJTHOCUTHCS JT0 KOXKHOI OPMYJIH, 1[0 MICTUTHCA B TeOPii, 1 /10 yciel ob6acTi fii KoKHO1
dbopmysu, IK MOXJIUBICTH 1 MPOTUPIUUSA 3 €MIIIPUYHUMU JIAHUMU, SIK MOKJINBICTD
ITiITBEP/IXKEHHSA 11 00UMCIEHHAMH a00 AKOCh 1HAKIIIE?

Ile nume geski 3 6e3iui MUTaHb, SAAKI CTAaBUTH IEpPeJl HAMU caMe ITOHATTS
¢dizuunoi Teopii. [7InO6MHA 1 TOCTPOTA KOXKHOTO 3 HUX Taki, 1[0 HA 0araTto 3 HUX He
MOKHA BiJINIOBICTH 1HAKIIIE, SIK (DYH/IaMEHTAaJIbHOIO CTATTEI0 a00 HABITh I[LJI0I0 KHUTOIO.
Yce me miITBEP/KY€E 3arajibHE MPABWIO: WO € ouesUOHUM 0151 NPAKMUKA HAYKU,
Modxce O6ymu npobaemamuuHum 0aa it @inocopa. OCKUIBKH MU HE MOIKEMO
3aliMaTUCA KOKHOI MOXKJIMBOIO ITPOOJIEMOIO OCHOB (hi3HKH i KOXKHOIO (Pis10cOPChKOIO
mpo06JsieMOI0, TOB’SI3aHOI0 3 (IBUYHUMHU TeopiAMU B3araji, MU BHOEpeMO i
POBIJIAAY TUTBKU AesKi 3 HuX. 11[06 nepe10aunTy HeCKiHUEHHI TOMUJIKY B PO3yMiHHI,
noyHeMo 3 ¢ikcarrii TepMiHOJIOTII.

AHaJtiz ocTaHHIX J0CJi/KeHb 1 mybsikari. Pyx Bix wiacuuHoi iszuku 10
cyJacHOIl Bifi0yBaBCsl BHACIIIJIOK BUHUKHEHHS B KJIACUYHIN Teopil HU3KU Mapa/IOKCiB.
[1s1 ocobiuBicTh XapaKTepHA Y BiJOMiN Mipi 1J1 eJIeKTPOMarHiTHoi Teopii MakcBea,
AKUU 00’eHAB BCl eKCIIepUMEHTAJIbHI JlaHl 3 eJIEKTPUKU 1 MarHeTUsMy, BIAKPUTI
dapasieem, 1 BUpa3UB IX MOBOI MaTeMaTUYHUX IOHATh, MOOAUYUB CBOTO POy
IPOTHUPiUYs MiXK OTpUMaHUMU PiBHAHHAMU. [[[06 BUIIPAaBUTH MOJIOKEHHS, BiH 10/1aB
0e3 yCAKOTO eKCHEePUMEHTAILHOTO OOIPYHTYBaHHS B PIBHAHHA OJWH BUPA3, i...
HApOAWJIACS Teopis eJeKTpoMarHeTusmy. MeTox  MaTeMaTH4HOl —TilloTe3H,
3acToCcOBaHUN MaKCcBeJLJIOM, BUSBUBCA HAJ[3BUYANHO IUIITHUM 1 B TIOJQJIBIIIOMY.

[HIIIMM TIPUKJIAJIOM MOKe TIOCTYTYBaTH Teopis BigHocHOCTI EliHinTeiiHa. BoHa
HapoAWJIacsi Ha CTUKY KJIACMYHOI MEXaHIKM 1 KJIAaCUYHOl €eJIEKTPOJAMHAMIKU Yy
pe3ysbTaTi pO3B’s3aHHA IapaZlOKCy Mi’K IPUHIIUIOM BigHOCHOCTI [asminmes i
IPUHIIUIIOM HEe3aJIEKHOCTI IIBUAKOCTI TOMIMPEHHS CBITJIa y Bakyymi B pyxy
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BHUITPOMIHIOIOUOTO J?KEepeJia, PO3TJITHYTUX PA30M.

KBaHTOBa MexaHiKa 3’SBWJIACh TAKOX y SKIMCh Mipi B SKOCTI Pe3yJIbTaTy
pO3B’sI3aHHA “NPOTUPIUUSA 3yCTPidi”, y JAHOMY BHUIIQ/IKy KJIACUYHOI KOPIIYCKYJISPHOI
MeXaHIKH 1 KJIACUYHOI XBUJIBOBOI TEOPii.

[TocraHoBKa 3aBAaHHA. CIpoOyeMO pPO3IJISHYTH KJIIOUOBI TepMiHU (hi3HMUHOI
Teopil 1 MoKa3aTu poJib MaTEMATUYHOI KOMIIOHEHTH B 1l CTBOPEHHI.

Buksaz; OCHOBHOTO MaTrepialy AOCHI/KEHHA. Y cydacHuX Gi1ocodChKUX,
MaTeMaTHYHHUX 1 MPUPOHUIO-HAYKOBHUX MOBAX IIij] TEOPIEI0 PO3YMIETHCS HE IIPOCTO
BUITQJIKOBA JIyMKa, a TIlIOTETHKO-AEAYKTUBHA cHUcTeMa, TOOTO 0e3iiu dopmys, 0
MMOPO/IKYIOThCSI 32 JIOIIOMOTOI0 JIOTIKM 1 MaTeMaTUKH TPYIO ITOYAaTKOBUX
NpUIyileHb. Yepe3 CHUIBHICTD AEAKUX 3 IIUX [MOYATKOBHUX IPHUIIYIIEHb, a TAKOXK
MOJKJIUBOCTEN JIJI TIEPETBOPEHHsI, sIKi HAZAI0ThCSI JIOTIKOIO 1 MaTEMATUKOI, KOXKHA
Teopifd € JeAKOI HeCKIHUeHHOI0 MHOXXUHOI0 ¢dopmys. g gymka crocyeTbes ycix
MOXUJIMBHUX CUTYaIlid, IO OXOIUIIOIOTHCS YHIBEPCAJIBHUM 3aKOHOM, HaBITh TaKUM
IIPOCTUM, K 3aKOH ApXiMe/a Ipo BaKijib, 1 BCiX BUBEJIEHD 3 Oy/Ib-AKO1 (PYHKITii, 110
3yCcTpidaeThcsi B Teopii. Bixke Ha IMill 1mijicraBi, TOOTO TOMy, IO KOXKHA TeOPis
HeCKiHUeHHO 0OaraTa, He MOKe OyTH i MOBH IIpO ii ocTaTouHE 10BeZieHH:A. ToMy Kparlle,
[0 MM MOKeMO 3pOOUTH, TaK Iie MiATBEPAUTHA TEOPII0 B MOMXJIMBO OLIBIIIOMY YHCITi
BUNA/KIB a00 BiIKMHYTH 11 B JEeAKUX KPUTHYHUX HyHKTaX. [IpoTe Bif HeOesmeku
CIIPOCTYBAaHHS YaCTO 3aXUINAIOTHCA He JIUINE THM, IO BiJIMOBJISIOTHCS BU3HABATU
HECHPUATIINBI BiZ/TOMOCTI, aJie i TaKOXK IiJI00POM JesTKUX KOMITOHEHT TeOPii, 0COOTHUBO
3HAY€eHb, 10 IPUIHICYIOTHCA IEBHIM ITapaMeTPaM.

Jlesiki 3 TEpBUHHUX MPUITYIIEHD (Pi3UUIHOI Teopii Ha3UBaIOThCA 2inome3amu (B
eIliCTOJIOTIYHOMY, a He JioridHoMy ceHci). ['imore3u, Oyab-TO YacKoBi ab0 3araJjibHi,
WJTyTh 1aJTi 3a IPOCTUH OMUC CIIOCTEPEXKYBAHUX CUTYaIlill. BOHU € MpUIMyTIeHHAMU PO
peanbHy AIUCHICTh HE3aJIEXKHO BiJ TOTO, UM CIIOCTEpPEe)KyBaHi, xoua O YaCTKOBO, IIi
cutyarii abo Hi. Tak, € rirmore3a MexaHiK{ PO Te, IO TijIa iICHYIOTh, 1HIIA TIPO Te, 110
Maca 30epiraerbcs, TpeTss HpO Te, [0 MeXaHIYHA HAmNpyra Tula Moxke OyTH
IIpeZicTaBeHa MaTepiabHUM i 00MeKeHUM TeH30pHUM IosieM. [leski 3 IUX Tirnores,
110 BXO/IAITh ABHUM 200 HESIBHUM YMHOM Yy (DI3UUHY TE€OPit0, € UNCTO MaTeEMaTUIHUMU
3a CBOEI TIPHUPOJOI0 B TOMY CEHCi, IO BOHU OOYMOBJIIOIOTH MaTeMaTHYHI
XapaKTEPUCTUKU POBIJISAlyBAHUX IOHATh, HANPUKIAJ MOHATTS CHUMETPil TeH30pa.
Inmri maroTe OiTbin MeHIT Oe3mocepeAHid (i3UUHUN 3MICT y TOMY CeHCi, IO
TOPKAIOThCs BJIACTUBOCTEN peaIbHUX CHCTEM ab0 CHUCTEM, PO SKI MPUITYCKAIOTh, 10
BOHH PeaIbHO iCHYIOTb.

HauiOuibI BaxKITUBUMH cepeft Gi3UYHUX TIIoTe3 Oyb-s1KO1 Teopil €, 3BUUANHO,
3aKkOHU. TBep/i)KEHHSA MPO 3aKOH Ma€ MeTy CKa3aTdu Io-HeOyab IMpo 00'€KTHBHI
CTPYKTypu abo Mozesi icHyBaHHsS i 3MiHU (i3WyHHX cucTeM. BOoHO He mepezae
iHdopMarlii mpo YacTKOBi cHUTyallii i He TOBOPUTh HaM, AKUN BUIJIAA Ma€ CBIT AJIA
nesKoro crocrepirauya. ®opMysIl0BaHHA 3aKOHY Iepef0avyaeThCsl YHIBEpCATIBHUM 1 He
3aJIeXKHUM Bijy crnocrepiraya. PiBHAHHA pyXy, NOJbOBI PpIBHAHHSA, PIBHAHHA
komrmo3uii (constitutive equations) i piBHAHHA CTaHIB KBaJIi(iKyIOThCA K 3aKOHU
JIVIIIIE B T Mipi, B AKIH BOHU HAJIEKATh /10 JJOCUTD IiITBEP/I>KEeHUX Teopii. [Togasbiri
(izuuHi TimOTE3U CIYTYIOTH JONOMIXCHUMU 2inome3amu, TaKUMU, SIK IOYaTKOBi
YMOBH, TPAaHUYHI YMOBU 1 00MeKeHHs CTyTIeHiB BiJIbHOCTI.

[Tepenbauaernes, mo Beska (izuuHa rimore3a Moxke OyTH copmysibOBaHA
MaTeMaTU4YHO. AJjie OFlHA TIJIbKM MaTeMaThdHa ¢opMa HIiYOro He CKake Ham IIpo
(izumune 3Hauenns hopmyiu. Tak, popmyna “En = - k/n2” Moxke moch o3Havatu. [Ipo
dbopmymy, 1m0 He Mae dikcoBaHOTO (QIBUUHOTO 3HAUEHHS, MOKHA CKA3aTH, 1[0 BOHA
CEMAaHTUYHO HEBH3HAUeHa, TOOTO He BU3HAUeHa BIJHOCHO CBOTO 3HAaueHH:. BoHa

( -
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CTaHe CEMAHTUYHO BH3HAUYEHOIO IICJIsA 1l OMOBHEHHS 30BHIMIHIMU MPUIYIIEHHAMA
(3a3Buuam iHTYITUBHO IIPUITYCTUMHUMH) BIJTHOCHO JI€IKUX CHUMBOJIIB, BKJIIOUEHUX B Hel.
Tak, y Hamomy MOYaTKOBOMY MPUKJIAJI En MOIJIO cTatw 3HAYEHHSM JJIs €Heprii
BOJIHEBOIIO/IIOHOTO aToMa Ha N-HOMY PiBHi. B IHIIIOMYy KOHTEKCTI TOH ’Ke caMHuiU
tunorpadiuHuil 3HaK “3akazaB’ O6u (ToOTO Homy Oysio O MPHUIIHMCAHO) iHIIIOTO
¢dizuunoro 3HaueHHsA. Taki JIOJATKOBI HPUIIYIEHHA, IO 3MaJIbOBYIOTh KOHTYPU
¢dizuyHOrO0 3HAUEHHS CHUMBOJIB, MOXyThb OyTHM Ha3BaHlI CeMAHMUUHUMU
npunyuweHHIMuU.

Jlami, mobmo meep0oxceHHs, ompumaHi 3a donNOMo20t0 cnocmepexceHHs abo
excnepumenmy, ckaadaroms we o0O0uH 6ud nouamkosux npunyuweHs. Bouu
nouamxosel 8 MoMy CeHCl, wWo ix cAi0 npunyckamu 8 NnopsaokKy, o06YMoeaeHOMY
dessKumu A02TUHUMU BUCHOBKAMU abo meopemamu. 38uuaiiHo, He nepedbauaemscs,
wo daHi mpeba suzadysamu, mobmo 80HU He € anpiopHUMU. BoHu He Moxcymb Oymu
maxkoxc ompumaHi 3a 0onomoz20t 00HO20 Mminvku excnepumeHmy. IIlsuduwie,
Hasnaxu, 0aHi, aKi Moxcyms yeiiimu do Gi3uuHoi meopii, Marms 6ymu supasxceHi 8
mepMiHax meopii i OMmpumMaHi 3a 0onNOMo2010 THCMPYMeHmMi8, CKOHCMPYI08AHUX 1
po3paxosaHux 3a 0onomoz20t0 psdy meopiil. O0HUM €cA080M, OaHI He O0aMbCA, a
3Haxodamuces, 1 AKWO 80HU 810nogidarms Pi3uyHiil meopii, mo 80HU “npocsakHymi”
meopieto, a He € 0e3nocepeoHiM BUPANCeHHAM CnpuliHamb abo nepexcusaHd
cnocmepizaua.

UYeTBepTUll BHJ TEepPeIyMOB, IO 3yCTPIiYalOThCA B TeOpil, € BU3HAUYEHHS.
Hanpukinazn, rycTiuHa eHepril eJIeKTPUYHOTO IMOJI BU3HAYAETHCS TaK:

2 2
w = i(ED) — EE° _ D7
81 81 8me
abo
w = — [ EdD.
41T

OcraHHiii Bupa3 € OUIBIN 3araJbHUM, 00 IIpU WOTO BUBEJEHHI He
BUKOPUCTOBYBaJIOCh cmiBBiHOIIeHHA D = ¢E, sake mepeabadae, 1mo Bektop D €
onHO3HAUYHOMO (yHKIi€o E, a Buja camoi pyHKIIi1 He rpae poti.

3 ¢opMasIbHOI TOUKH 30py Oy/b-fIKe BU3HAUEHHS - II€ TUIbKU JIIHTBiCTHYHA
KOHBEHITisl, TOOTO MPaBUJIO BXKUBAHHS BUKOPHUCTOBYBAHUX CUMBOJIIB; BOHA HIUOTO HE
TOBOPUTH HaM IIpo Ipupoay. KoHBeHIlioHaIbHA Tprpo/a AediHiliil He poOUTb, IPOTE,
ix goBinbHUMU. IIuTaHHA TpO Te, 10 MOXKe OyTH BU3HAUEHO B Teopii, a 1m0 Hi,
JI03BOJIUMO TUIBKU y TOMY BUIQJKY, KOJIM Teopisf mepeOyAoBaHa akcioMaTU4HO. |
BHOIp crmoco0y BU3HAYEHHA MOHATH (HEBM3HAUYBAaHUX, OCHOBHUX, A00 ITEPBUHHUX)
IIOBUHEH HAIIPABJIATUCA TAKUMU KPUTEPISIMU, K HOTO CHIJIbHICTD 1 ILJTiTHICTh.

BigmiTMO BigMiHHICT, MK BHU3HAUEHHAMH 1 TilloTe3aMH, 30KpeMa
TBEP/PKEHHAMH PO 3aKOHU. TO7Ii SIK TepIIIi € MOHATTSAMH, 1[0 OMUCYIOTh BiTHOIIIEHHS
ycepeauHi Teopii, OCTaHHI CIIBBIAHOCATH TBEP/PKEHHS 3 peasbHICTIO. OTXKe, SKIIO
BU3HAUYEHHS MOXYTh OyTH HiiZlaHi TUIbKU KOHIENITYaJIbHIN KPUTHITL, TO TBEPAKEHHSA
PO 3aKOHH JKUBYTh BIJIIOBIIHO /10 IPHHIIUIIB €KCIIEPUMEHTAJIPHOI IIePEeBipKU.
[Ipore 1a eneMeHTapHa BiAMIHHICTH YacTo 3a0yBaeThcsA. Hampukiiaz, mpUunHa
HeBslaui Bizjomoi crmpobm Maxa mnepeOyayBaTh KJIACHYHY MeEXaHIKy MOe OyTu
MOsSICHEHA, X0U OM YacTKOBO TUM, III0 BiH He IMPOBIB BIIMIHHICTh MiXK Trimore3aMu
(monibHo 3akoHaM pyxy HproTOHA) i BUBHaYeHHAMU [3].

OTxe, MU MaEMO HACTYIHUU BULJIAA HOPMYJ, AKUN MMOBUHEH MICTUTHCS B
Oyab-AKiH ¢Gi3udHili Teopii:
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dopmynn

/\

Jloriyui HacIiAKA [ToyaTkOB1 MpUMYIIIEHHS

N

['inore3u CeMaHTHYHI IPUITYILIEHHS Jani Buznauenns

N———

TBepIKEHHS PO 3aKOHU JIOTIOMIKHI TOTE3U

Bynp-sika ¢izuuna dopmysia, skt 6u He OyB ii craryc, € meepoxceHHsIM,
8UpAMCeHUM 3a O00NOMO2010 TIPOTO3UIIii, IO HAJEXUTh J0 IesIKOi MOBH.
(ITpomo3umii - cytrh JiHTBicTHYHI 00'ekTu. TBepAKeHHA - KOHIIENTyasbHI
00'extu. O/He 1 Te X TBEPKEHHS YAaCTO MOXKe OyTH BHpakeHe abCOJIIOTHO
PIBHUMU NPOTIO3UIISIMH.) By/ib-IKe TBEpAKEHHA TPAKTYETHCS B IIJIAX JIOTIYHOT
3pPYYHOCTi, Ha4eO6TO BOHO OyJIo TisibKH icTUHHE abo momusikose. II]o 3k 10 fioro
BiZINOBIAHOCTI aKTy, TO MU MOKEMO i He 3HATH, AKUM OyJle icCTUHHe 3HAYEeHH
TBep/KeHHsA. [HOAl MU JaeMo HWOMY HU3BKY OI[IHKYy, aje He MiHIMaJbHY,
iHOZII - BHCOKYy, aje He MakKcUMaJbHy. TBepmkeHHA (UM HTPOMO3UIIii)
MiIKOPAIOTHCA CBOEMY BJIACHOMY IPOIO3UIIHHOMY YHCJIEHHIO ab0 YHUCIIEHHIO
BUCJIOBJIOBAHB 1 3 OiJbII 3arajbHOl TOUKU 30Dy YUCIEHHIO Ipenukartis. lle
YHCJIEHHS CHCTeMaTHU3ye€ IMpaBuJa AeJlyKTUBHOTO BHUBEJIEHHA, Taki, Ak Pa
(3x)Px, ikl MOKHA IPOYUTATU HACTYITHUM YHHOM. fKIIO 1eil iIHAUBI/A a BOJIO/i€
BJIACTHUBICTIO P, TO 3Bijicu BHUTiKae, IO iCHye€ MPUHAWUMHI OJIUH 1HIWUBIJ, AKUU
BUABJIAE II0 K BJACTUBICTh. [lomiTuMO, 1m0 P € MITYyYHUM, BOHO CUMBOJII3YE
Oynb-sIKy BJIACTUBICTH, OyaAb-TO (PiduuHe abo HedizmuHe. OOUUCIEHHSA
IpeiuKaTiB € PO3JIJIOM JIOTIKM - HayKH, fKa IepeabdadyaeThCAd KOMXKHOIO
pamioHaJbHOI JUCHUIJIIHOI 1 sSKy He MO’Ke CIPOCTyBaTH HIAKHU
ekcnepuMeHT. [IpuynHa Takoi Bi[Uy>KEHOCTi IOJIATAa€ B TOMY, IO JIOTiKa Mae€
cIipaBy He 3i cBiTOM, a 3 TBep/ KEHHAMH 1 IX IepeTBOPEHHAMU abCOJTIOTHO
He3aJIe’KHO Bif ix 3micTy. [IpoTe cTajio MOTHUM CTBEPKyBaTH, 110, TOAIOHO /10
TOTO fIK 3arajyibHa Teopif Bi/THOCHOCTI pOOUTH HEOOXiTHUMU 3MiHU B reoMeTpii,
KBaHTOBa i3uKa MiIKOPAEThCA CcBOIM BiacHiX Jorini. Ile momuaka. VYei
KBaHTOBI Teopil BUKOPHUCTOBYIOTh 3BHUANHYy MaTeMaTUKY, B AKy “BOymoBaHa”
3BuuaiiHa Jorika. OjHe 3 JKepes Iiel MOMUJIKU IOJIATAa€E B OYKBaJIbHOMY
po3yMmiHHiI (opMasbHOI aHaJOrii MiK NOPOIMO3UIIAMH 1 MTPOEKIIHHUMH
onepatopamu. HesanexxHo Bij TOro, fAKii anreb6pi HmiiKOpA€TbCA CIMEUCTBO
oImmepaTopiB, TBEP/I?KEHHSI B Teopii anredOpu MiIKOPATHCA 3BUYAUHIN JIOTII;
OIIepaToOp € MOHATTSA, a He TBEP/IXKEHHS.

fAx rpamMaTHyHiI TPOMO3UIII MOKHA PO3KJIACTH HA CJIOBA, TaK 1 TBEP/KEHHS
MOJKHA aHaJIi3yBaTH /IO PIBHSA MOHATH. [IOHATTS, [0 3ycTpivaroThes y disuil, € abo
dopmanbauMU, 260 hakTyaTbHUMU. POPMAALHI NOHATMS - BCI Ti, SKi 3a1103UYEH] 3
JIOTiKM 1 MaTeMaTuku. dakmyanvHl nousmmsa Gizuku crnenudivuxi s Hel. Bonu

- 66 -

——
| —



OCBITHIV TUCKYPC: 3BIPHUK HAYKOBUX ITPAIIb 45(7-9), 2023

dakTyasipbHI B TOMY CEHCI, III0 TOPKAIOThCS peabHUX ab0 mepenabadyBaHUX (PaKTiB.
dakTyasibHe TOHATTSA He OO0OB'A3KOBO Mae OyTHM €eMIIIpUYHHUM, TOOTO BOHO HeE
0OOB'SI3KOBO ~ TOBMHHE MaTH  BITHONIEHHsS [0  CIIOCTEpPEXyBaHOi, abo
eKCIIepUMEHTAJIbHOI, cuTyalrii. Bisibiie Toro, mob foro KpamidikyBaau K (izudHe,
TIOHSATTS He MOBUHHE “00epTaTHUCs HaBKPYTHU CIlocTepiraya”, BOHO IOBUHHE TOPKATHUCS
MOKJINBO1 (DIBUUHOI CHCTEMU, CUTYyaIlii a0 moii.
Tabsuiis 1 LTI0CTPYE PAJ MOHATD, AKI Oy/I HAMU PO3TJIAHYTI.
Tabsuns 1

Teopis: enexkmpomazsHimua meopis Maxceeana 043 811bHO20 NPOCMOPY.

dopmanvHi nOHAMMA, B8KAWUEHI NPUX08aHO abo 68HO Y Gi3uuHy 2inomesy:
pi3HOMaHIMM, wWo JugepeHUIoEMbC, 8eKIMOPHI 1 Nces008eKMOPHI GYHKUIT Ha
UbOMY PIZHOMAHIIMMI, HACMUHHI NOXI0H1, 8eKIMOPHUll 00OYMOK.

OcHoBHiI (HeBuM3HauyBaHi) (I3UYHI TOHSATTS, IO BKJIIYAKTHCA B TINOTE3Y
dizuunmii mpocrip, yac, E, B, c.

Busnauysawni disuuni nousarts: VX E, dB/ot.

OnepayioHanbHl BU3HAUEHHS: HEMAE.

I'inomesa: 3axon ®apades 0an eanekmpomazHimuoi 1HOYKUlL 6 1020
JdugepenuianvHiil gepcii VX E = —(1/c)dB/ot.

JlonomixcHe npunywenHs: E 1 B 3menwytomses 3 610CMaHH0 NPUHAUMHL K 1/T.

CemanmuuHe npunywenHs: E - HanpymxceHicms eneKkmpuuHo20 NoAs,
B - mazHimHa tHOyxuis, a ¢ — weudKicms NnoWuUpeHHs c8imaa Yy 8akyymi.

Jlani: HEMaE.

Posnp maTtemaTuku B cydacHiM Hayll moBiliHa: ¢GOpMyBaHHS MOHATH 1
obuncnenHsa. Hemae MOHATTA MUTTEBOI HMIBUJIKOCTI 0€3 MOHATTS IMOXiZHOI, HEMAE
3aKOHYy pPyxy 0e3 audepeHmiapbHuX ab0 omepaTOpHUX PiBHSIHL. MaTeMaTH4HI
IIOHATTS - TIe He JIUITEe 3pYJHi IOMIOMIXKHI 3ac00H, BOHU € CaMOIO0 CyTTIO (QI3UUHUX i1e.
I mpocTe mpoOpoOITBO MaltOYTHHOTO CTAHY CHUCTEMH ab0 BIpOTiAHOCTI 3BepIIEHHSA Ti€l
abo iHmoi moxii Oys0 06 HEMOMJIHUBUM 0e3 MAeAYKTHUBHOI CHJIM BHYTPIIIHBO
IpUCYTHBOTO dhopMastiaMy Teopii. L 1elyKTHBHA cUIa HACTUIBKY BpaXkaloua, 10 MU
YacTO Mpar€HeMo MPUPIBHIOBATU Te€OPEeTHUHY (Pi3UKy 0O0UmnCIeHHAM, 3a0yBaloun IIpo
POJIb MaTeMaTUKIB B camoMy (popMyBaHHI Qi3MYHUX TOHATH, GOPMYJI 1 TEOPili.

O6uuncioBasbHI 3ac006H, X0Ua BOHU 1 MOTPiOHI, He € QIBUYHUMH TEOPiAMHU.
BoHu HaBiTh He € He3alexkHi MaTeMaTtuuHi ¢opmarnisamu. Byap-akuil mertor
PO3paxyHKy (HaAIIpUKJIaJ, JiaroHaTi3alisg MaTPUIh) € YaCTHHA MaTeMaTHYHOI Teopil,
sAka Moxke (ase He 060B'A3K0BO) OyTH yacTUHOIO hopMatizmy ¢izuunoi Teopii. Cami
110 co0i MaTeMaTU4YHI Teopii HEUTPaIbHI IO BITHOWIEHHIO 10 AKUX-HeOY/b TiI0Te3 PO
peasibHUM CBIT. PO3rIsHEMO TeOpit0 KAHOHIYHUX IIEPETBOPEHD, IKY KOJIUCh BBAXKAJIU
SIIPOM KBAHTOBOI MexaHiKU. K y cBOI! KJIaCHYHIN, TaK i B KBAaHTOBIiH popMi BOHA HE
€ CaMOCTIHHOI (I3UUHOI0 TEOpi€l, fKa BijoOparkae AesAKWH aciekT cBity. lle
MaTeMaTHYHUN MeTOH JJis pO3B’sA3aHHA piBHAHB pyxy (I'aminbrona, Illpexminrepa
TOIIO) i JIJISI CITIBBITHOIIIEHHS OJIMH 3 OJTHUM PO3B’sI3KiB, III0 OTPUMYIOTHCS B Pi3HUX
nojavax. B 1isiomy 3aBaaHHs Ifi€l Teopil mMoJiATa€E y CHpPOIeHHI (opMyTtoBaHHA
po0JieMu, a OTKe, B CIIPOIIEHHI ii po3B’si3aHHsA, 30epiraloun B TOH JKe Yac PiBHAHHSA
pyxy 1 neBHi iHBapianTu. Ila Teopis Moke 3HAUTU 3acCTOCYBaHHS O€3BITHOCHO /0
(dizuuHOrO 3MICTY PIBHSAHb.

Tak camo y psJii rayty3ei MoKe 3HAUTH 3aCTOCYBaHHs TeOPis 30ypeHb, /71 4OTO
OTPiOHA HASBHICTH ITEBHOTO PIBHSHHA, /10 SKOTO MOXKYTh OYTH 3aCTOCOBaHI Teopii
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30ypeHb. ToOTO 11i Teopii He HECYTh HIAKOTO (HI3MYHOTO 3HAUEHHS, BOHU CIYTYIOTh
KOPUCHUMHU MaTeMaTUYHUMU 3ac00aMU JIJIs1 JOCATHEHHS METH, sIKa € MPUOJIU3HUM
PO3B’sI3aHHAM IEBHOTO PIBHAHHSA, IO MOXKJIMBO Ma€ sKech (i3nuHe 3HAYEHHS.
OnHomy abo ABOM 4WieHaM PO3KJIAAy B psf, 3rigHO Teopii 30ypeHb, Moxe OyTu
MpUNMcaHo Gi3UYHUN 3MiCT, HECKIHUEHHO 6araTboM WieHaM Py HEMOXKJIMBO TaTH
AKy-HeOy/lb IHTepIIpeTallilo. 3JHaUeHHs TaKol HeUTPaJIbHOCTI METO/IiB Teopii 30ypeHb
MOKHA TaKOK IT00AYUTU IPU AaHAJTI31 HOHATTS HOPAAKY AeAK0oro edeKTy. 3anumaHHs:
[ITo o3Hauae Iell BHUpas3, Y TOBOPUTH BiH HaM IIO-HEOy/lb BiTHOCHO ITPUPOAH?
Bionoeids: Hivoro - mpo mpupoay i TiJIbKU JEI0 - PO 00UHNC/TIOBAIbHY TeXHIKY. Tak,
eeKkT 4YeTBEPTOTrO IMOPSAAKY MOSICHIOIOTh TEOPETUYHOI0 MOJEJUII0, fKa BKJIIOUYAE
PO3KJIa/ B PAJT B Teopii 30ypeHb ak JI0 YETBEPTOTO CTEIEeHs, TOOTO HEXTYIOUH yciMa
BUIINMH CTENEeHAMH (HaBITh SAKINO Psf po3bikHui). Toll ke edeKT Moxke OyTH
MOSICHEHUH PI3HUMU TEOPiAMHU, AKI IPUIHCYIOTh HOMY IHIINY TOPAJIOK, 200 30BCIM He
MIPUIUCYIOTh HiSIKOTO TOPSIKY, OCKIJIBKU BJAETHCS 3HAUTU TOUYHUM pO3B’s30K. lle
BIpHO JIUIs1 PO3KJIaAy OYAb-AKOTO PAAY 1 KOXKHOTO PO3KJIAAy Oy/Ib-sIKOTO BEKTOpa Ha
rioro komnoHeHTHU. Tozi Ak QYHKITiA B I[JTOMy MOXKe MaTH (Di3UUHe 3HAUEHHs, METO/T
PO3KJIaJIaHHSA € YHCTO MAaTEMAaTHIHUM i MOKe OyTH 3MiHEHHUH y OyAb-saKHUH Jac.

®DizuuHUA 3MicT, fAKIIO TaKWH €, OO ybayaTh B JeSIKUX HOHATTAX 1
TBEP/PKEHHSX TEOpii, a He B YACTKOBUX Ys81eHHAX (representations) BiacTuBocTei i
3akoHiB. Hampukiaz, ofgHa 1 Ta K TPAaEKTOPiA B 3BUYANHOMY IIPOCTOPI MOXKe OyTu
3ammcaHa B Oyap-AKill cucrteMi koopamHAT. KojkHe IepeTBOpPEHHS KOOPJIMHAT
NIPU3BOAUTH JI0 HOBOTO YysABJIEHHA, He 3MiHIOIOUYU Horo ¢iszuu”oro 3micty. OTxke
€IMHUMU PO3YMHUMHU OOMEKEHHSIMHU, IO HAKJIAJAI0ThCS HA 3MIiHU YSBJIEHB, IO
BUKJIUKAIOTHCS MEPETBOPEHHAMH KOOPJAWHAT, € HACTyNHi: (a) IepeTBOpeHi 3MiHHI
IIOBUHHI MaTH Te K caMe 3HAuYeHHs, IO 1 MOYATKOBI (HAIpUKJIAJ, KOOPAWHATU
MOJIOKEHHS B TIPOCTOPi, IO Mi/JIATAIOTh IMepeTBOpeHHAM JIopeHIla, MOBUHHI
3JIMIIIATHCS KOOPJMHATAMU TOJIOKEHHS, a He THMYAaCOBUMH KoopawmHaTamu); (6)
IepeTBOPeHi 3MiHHI MOBUHHI ITIIKOPATUCA TOMY K CAaMOMY TBEP/?KEHHIO IIPO 3aKOH,
110 i movyaTkoBi. Te, 1110 Ma€ CUITy /IS CCTEM KOOPAWHAT, CIIPABE/IJINBE 1 /ISl CUCTEM
oauHUIG. AKIO ysABIeHHSA (PI3WIHOI BJIACTUBOCTI 3a JOIOMOTOK0 JesKOl (yHKIIiI
BKJTIOUA€E BUOIP OJIMHUIIb, TO BOHU € KOHBEHITIOHAJIBHUMH 1, OTKe, 3MiHA B OJTTHUIISX
He Ma€ HiAKoro (pi3snUHOT0 3HAUEeHHS.

BincyTHicTh Gi3MYHOTrO 3MICTy y JeAKUX KOMIIOHEHT (Di3UYHOI Teopil HabaraTo
MEHIII HECIIO/[iBaHa, YUM MOXKJIMBICTh MPHUIMCYBAHHA (HI3MYHOTO 3HAYEHHS IHIINM
KOMITOHEHTaM. 3BHUYANHO, /I HAC CTAa€ 3BUYHOIO i/iest PO Te, [0 MaTeMaTHKa
no36asieHa ¢izmyHoro 3micry. CroyaTKy Hac HaBYamOTh TOMY, IO Oe3mepepBHA
(yHK1Iis MOKe BUBHAUATHUCA HE3AJIEXKHO BiJI yacy, Mmi3Hillle roBOPATH, 1[0 TeoMeTpid €
HEBHU3HAUYEHOIO, SIKI0 HA Hel He HaKJIaJaloTh CEMAaHTUUYHUX VsABJIEHb. J[eKoTo Bee Iiie
Tpeba y49uTH, [0 apudMeTHKa 1 Teopiss KMOBIPHOCTI OTHAKOBO HEUTPAJIbHI, 1 AKIIO
MOTPIOHO B3HAWTH IM 3aCTOCYBaHHA, IX CJIiJT JIOMIOBHUTH CEMAaHTUIHUMU
MIpUIYIIeHHAMU. Ajie B3araji KaKy4u, MU IIOBUHHI SICHO 3pO3yMiTH, III0 MaTeMaTHKa
€ aBTOHOMHOIO JMCIMILTIHOIO, HE JIUBJIAYNCH Ha Te, 1[0 O0arato MaTeMaTHYHUX iel
OyJI1 MOTUBOBaHI HAyKOBUM JIOC/TI/IZKEHHAM B 1iisioMmy. IIpoTe, He3BaXKalouu Ha CBOIO
YHUCTOTY, MaTeMaTHKa 3aCTOCOBYEThcA y GisuIli 1 “maTeMaTmka 3acTocOBaHA [0
peasbHOCTI”. 3anumanHsa: Ak 1e MOXKIUBO? Bidnogids: ToAi sik KOXKeH CUMBOJI, 110
3ycTpivaeTrbess y  GIi3UUHIA Teopii, Mae MareMaTHYHe 3HAYEeHH:, JIEAKUM
MaTeMaTUYHUM CUMBOJIaM MPUIIHUCYEThCA /10 TOTO K di3zuuHa iHTeprperanisa. Tak,
BUpa3 dB/dt moxxe OyTH IHTEPIPETOBAHUM HE JIMINE K YAaCTUHHA IOXiJIHA JIeSKOl
yHKIII X, ajsie Tak camMo K MUTTEBA MIBUJIKICTh 3MiHU JiesiKO1 (Pi3MIHOI BJIACTUBOCTI,
[0 IIPEJICTABJISIE X, TAKOi, HAIPUKJIA, IK KOOPAMHATA IOJIOXKEHHS, KOHIIEHTpAIlis,

-68 -

——
| —



OCBITHIV TUCKYPC: 3BIPHUK HAYKOBUX ITPAIIb 45(7-9), 2023

€HEePTid, 1 B3araJIi Bce 0 3aBrogHo0. Takum 4YnHOM, Gi3MIHUN 3MICT “cijiytae 3HaK, 110
Ma€e MaTeMaTHYHe 3HaYeHHsA, 1 y TakoMy BUIJIAAL “000€ - KiHb (um ocen) i
JIMTap - MePeTUHAITh pizugHy apeHy” . (Yce 1e, 3BU4aiiHO, MOYKe OyTH BUKJIQJIEHO 1 B
HeMeTapOPUYHUX TEPMiHAX. Y [[bOMY i IOJIATAa€ 3aBIaHHSA CEMAHTUKH HAYKHU. )

dizuuHe MOHATTA BiPI3HAETHCS BiJi MATEMATUYHOTO MOHATTS, IO JIEXKUTH B
HI0OTO OCHOBI, y JIBOX BiHOIIEHHAX: (a) KO)KHe (Di3UUHE MOHATTSA MA€ BIHOIIEHHS /IO
niesikoi ¢isumuHol cucteMu (cucteM) i (0) KoKHE (pi3UIHE TOHTTS BXOAUTH MPUHAUMHI
B ouH (i3uvyHU 3aKOH. HaBmaku, YMCTO MaTeMaTHYHI MOHATTS HE MAlOTh HIAKUX
mozaMaTeMaTUYHUX pedepeHTiB 1 He MiIKOPAIThCA HISIKUM IT03aMaTeMATUYHUM
3aKOHaM. Bi3zbMeMoO, HAIIpHIKJIAJl, BiIHOIIEHHS “Bajkue HiXK, ab0 Take K BaKke,
crocoBHO H. 3 ¢opManbHOI TOuku 30py H € He 10 iHIIE, fAK JAesdKe BiJHOIIEHHS
MOPSAAKY > Ha JAedAKid 0e3J1iui HeBU3HAUEHUX ejleMeHTiB B, Tobto H X H € B X
B i H € GesJiui BiHOIIIEHb MTOPAJIKY. H cTae gesskuM Qi3sUIHUM ITOHATTAM, KOJTH ()
B inTeprperyeThes sk 6e3stid T, 1 (0) mepenbadaeTnes, mo H moB'sa3aHe 3 B, ToOTO
O3Havae CUIy I OyJb AKOTO 3 IBOX TLJI.

[Ipuksag 3 BaroBoio (PyHKIIi€I0 HABITH OLIbII IMOBYAJIBHUU, OCKIJIBKU iCHYE
HeCKiHUeHHA 0e3J1iy NUIAXIB Mpe/icTaBIeHHs (i3UYHOI BJIACTHUBOCTI Baru (4u Oyab-
SIKO] 1HIIIO1 (Pi3UYIHOI BJIaCTUBOCTI), a came 3a JJOITOMOTOI0 CHCTEMHU OJUHHUITb.

Bara Tina b € By rpasiTamiiiHoMy mnojii g € GBifHOCHO (¢i3u4HOI) cucTeMu
BiUTIKY k € K, 110 0OYHMCITIOETHCS B OAUHUIAX U € Uy, TIpeJICTaBIIsIE COOOI0 esKe
HeHeraTuBHE YHUCJIO w, Tobto W (b, g,k,u) = w. Bara B 3aralbHOMY BUIIQJIKy € cama
dyuxkiia W, a He ske-HeOyAb 3 11 3HaueHb. | 1 GyHKIIA BiloOpakae MHOXKUHY
B X G X K X Uy, ycix uetBipok (b,g,k,u) 3 b€ B, g € G, k € K, u € Uy, (MHOKUHOIO
BaroBUX OJIMHUIIb) HA MHOKHHY R*a00 MHOKHHY HEHETaTUBHUX YHCEJT:

W:BXGXxXKxUy, - R".

Kpim Toro (i TyT HabyBae uuHHOCTI 3akoH), WTake, mo W (b, g, k,u) = mY, ne
m - Maca, a Y - mpuckopeHHs Tia b. (Harre nepen6auyBase oOMexKeHHs MOJieJi Tijia
SIK HEPEJIATUBICTCHKOI YaCTUHKHU HECYTTEBE B Il cuTyailii.) Byb-sika iHIIa BeJTuanHa
Ma€ IoAi0Hy CcTPYKTypy. lle Aesxa QYHKIliA BiJi TOIOJIOTIYHOTO JOOYTKY IpUHAHMHI
JIBOX MHOKHHKIB, OTHUM 3 SIKUX € 0e3s1iu (Pi3UIHUX CHCTEM BHU3HAYEHOTO BHY, a
IHIITUM - 0€3J114 OJUHULLD.

Jy>xe Jyacto ogHUM 3 0e3sridi (Qi3UUHUX CHCTEM, 1[0 3yCTPiUarThes B 00J1acTi
BU3HAUYEHHS SIKOI-HEeOY/Ib BEJIMUUHU, € O€3JIiU CHCTEM BiJJTIKY I€AKOTO BU/LY, BiTHOCHO
SIKUX, HAIPUKJIa/, 30epiraloTh CBOIO CIIPABEJJINBICTh 3akoHU pyxy HpioToHa. Taki
CHUCTEMHU 1HOJAI HA3WBAIOTh “cliocTepirayamMu’ BiJITOBIIHO 10, Tak OW MOBHTH,
CIIOCTEPEKYBAHO-IIEHTPUCTCHKO1 (ismocodii, a came B pamMKax oOIlepallioHai3My.
OueBuZHO, TIPOTE, IO “CIOCTEpIradi He BCIOAMCYIII 1 HE Oe3CI0BECHI”, IK CHCTEMU
BIJUTIKY; B YCAKOMY pasi, iX BUBUEHHS He CTOCYEThCS (i3UKU. Y pe3ysibTaTi Gi3uyHe
3HAHHS BJIMBA€ETbCA Yy (QopmasisM dYepe3 OCHOBHI (Di3WYHI BeJIMYUHH, IO
IIPEZICTABJIAIOTH BJIACTUBOCTI (PI3BUUHUX CHUCTEM 1 MIZIKOPAIOTHCA (PI3BUUHUM 3aKOHAM.

[Tonepenniit aHami3 guckBaidipikye HyMepOJIOTIIO fIK CepHO3HUM miaXxif 10
¢dizuunoi Teopii. Hymeposoris wmoxke OyTHM BHU3HA4YeHAa fAK KOHIJIIOBAaHHA
0e3po3MIipHUMU KOHCTAaHTAMH (YUCTUMHU UYHCIAMH) 3 METOI OTPUMATH 3HAUYII
BijiHOIIeHHs. OCKIJIBKY HYMEPOJIOTifAA Ma€ CIpaBy 3 6€3p03MipHUMM KOHCTAaHTaMU, 11
JIOBOJII BaXKKO IPUITHCATH SAKUH-HEOYAb Pi3uuHuil 3MicT. OCKUIBKH ISl Tpa YHCes
MOke OyTH BBeJieHa B KOMITIOTED II03a BCAKHUM 3B'I3KOM 3 SKHUMH-HEOY/b
TBEP/PKEHHSAMHU IIPO B3aKOHU, OCTUIBPKH HYMEPOJIOTiA JIMIIE BHUIIAQJKOBO MOKeE
mpuBecTd A0 (Pi3UUHUX 3aKOHIB. TpHUBIaJbHICTE MOAIOHOTO BHCHOBKY IIOKa3ye
HACTyITHA TEOpEMa.

Teopema. /IaHo n Hesld'eMHUX HUCen A1, Az, ..., An; ICHYE HECKIHUEHHO 0OaraTo
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KpaTHHX N He PIBHUX HYJIO JilcHUX uucen (momaTHix abo Bix'eMHUx) bi, b, ..., bn,

by * _b bn— b
TaKuX, 0 a,'  a,’...a," " = a,".

(IoBenmenHs: cuepiiry Bi3bMeMO JiorapudMU 1 po3IJITHEMO BUIIAJIOK IIPHU N = 2.
IToTiM BacrocyeMo MaTeMaTUYHY iHAYKIN0.) OCKIJIbKM 3HalJieHi JaHi n-KpaTHi
MMOKa3HUKHU CTEIEeHs, TO JIETKO allpPOKCUMYBAaTH KOXKHUU i3 HUX HPOCTUM JpPOOOM.
Takum uymHOM Oy/ie OTpHUMaHO “Bpaskaroue’ CIiBBiiHoOmeHHs. [Iporeaypy IoTiM
MOkHa OyZle TOBTOPHUTH 3 IHIIUM BHOOPOM IIOKAa3HUKIB CTeIleHiB, i Tak 00
HecKIHUeHHOoCmI. YCIIIXYA B 3HAXO/XKEHHI ITOAI0OHUX YHCIOBUX KOMOIHAIN 3a1eXaTh
Biji HamwmXx 3a10HOCTel 1 pecypciB. IIpu 11boMy He MOTPiOHI 3HAHHSA 3aKOHIB (QI3UKU.
3BUUAITHO, HYMEpOJIOTisl fIK JIesIKUM BUIAAKOBUU 1 ci1aboeBpUCTHYHUI 3acib mae
MeBHY IIiHHICTh. MaHImyaAmili 3 YHUCJIaMU MOXKYTh BUIAJKOBO IIPHUBECTH 0
IHTYITUBHOTO OCSSIHHA 1 HAaBITh IPOOJINCKY IPABUJIBHOI TeOpii. Ajie TOJIOBHE HOJIATAE
B TOMY, III0 HyM€EPOJIOTisI HE € TEOPI€I0 1 He MICTUTD HisIKUX (Pi3MUHUX 3aKOHIB. e crif
0COOJIMBO MiJIKPECTIUTH TOMY, IIO KOKHOTO Pasy, KOJIU CKYMUyeThCA Jesdka 0e3siu
HeoOpoOJieHNX MaHuX (AK y pasi (i3UKu eeMeHTapHUX YaCTHHOK 1 Cy4YacHOi
KOCMOJIOT11), 3'IBJISIETHCA CXUJIBHICTB /IO CIPOOU JKOHTJIIOBATH HUMH, a HE /0 MOIIYKiB
OL/IBII TVIMOOKUX TiIlOTE3, sIKi BiZINOBIAIOTh UM JIaHUM [1].

BucHOBKHM 3 [AaHOrO JOCHIIKEHHA 1 NEPCHEeKTHBU IMOJATBIINX
PO3BiIOK. Y cyuacHuX GiocopchKux, MaTeMaTUYHUX i MPUPOJHUYO-HAYKOBHX
MOBaxX i/l TeOpPi€0 PpO3yMIETbCA HE IPOCTO BUMAJKOBA JIyMKa, a TiMOTETHKO-
JIeTyKTUBHA CHCTeMa, TOOTO 0e3siu (opMysI, IO TOPOIKYIOTHCS 3a JIOTIOMOTOI0
JIOTIKM 1 MaTeMaTUKH TPYIIOI0 MOYATKOBUX MPUIYIEHb. Uepes CIUIBHICTD AEAKHUX 3
[UX IOYATKOBUX IHPUIYIEHb, a TAKOXX MOKJIMBOCTEN ]I TIEPETBOPEHHs, Ki
HAJQI0ThCSA JIOTIKOIO 1 MaTeMaTHKOlO, KOJKHA Teopif € [IesIKOI0 HECKIHUEHHOIO
MHOKHUHOI0 (OpMYyJI.

Ponp MmaTemMaTmku B CydyacHI Haylli mojBiliHa: (opMyBaHHA MOHATH 1
obuncienusa. Hemae MOHATTA MHUTTEBOI HMIBUAKOCTI 0€3 MOHATTS IIOXiZHOI, HEMae
3aKOHY pyxXy 0e3 naudepeHIiasibHUX ab0 OIEpaTOPHHUX PiBHAHb. MaTeMaTHU4Hi
TIOHATTS - I1e He JIUIIEe 3PYYHi JIOTIOMIXKHI 3ac00H, BOHU € CAMOIO CYTTIO (DIBUUHUX if1ei.
I mpocre MpoponTBO MaliOyTHHOTO CTaHy CHCTEMH abO0 BipOTiAHOCTI 3BEPIIIEHHS Ti€l
abo iHmoi mozii 0ys10 6 HEMOXKIUBUM 0€3 IeAYKTUBHOI CHUJIN BHYTPIIIHBO MPUCYTHHOI
dopmamizamy Teopii. 1[s AeAyKTHMBHA CHJIa HACTUIBKM Bpajkaloya, IO MH YacCTO
IIparHEMO TPUPIBHIOBATH TeOpeTUUHY (Bi3nKy 00UYUCIEHHSIM, 3a0yBal0YH IIPO POJIb
MaTeMAaTHKIB B caMoMy ¢GOpMyBaHHI (Pi3UUHUX MMOHATH, POPMYJI i TEOPii.
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