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PO HIBUAKICTD CBITJIA - LIE PA3

Ha ocHogi keanmosomexaniunux 3acad ma cy4acHoi mooeni QizuuHoco 6aKyymy nponoHyEmMbcs Hecy-
nepeunusuli nioxio 00 po3yminHHa 00Hoeo 3 nocmynamie CTB — koncmanmuocmi weuoKocmi nOuUpeHHs
ELeKMPOMACHIMHO20 30Y0HCEHHA Y DI3UUHOMY 8aAKYYMI 8 YCIX THePYILIHUX cucmemax oK.

KurouoBi ciioBa: gizuunuii axyym, oomon, cneyianvua meopisi iOHOCHOCHI.

Sk moka3ye iCTOPUYHUI JAOCBIiJ, TEOPisl y CBOIX
(yHIaMEHTANBHUX 3acajax 3aBKIu (CKopime —
000B’S13K0BO) MICTUTh SIKICh IOMUJIKOBI ySIBIIEHHS 1
TBEPIDKCHHS, SKi B HACTYITHUX €Talax BUSIBISIOTH-
1, KOPETYIOThCSI UM 3aMIHSAIOTHCS OLTBIT KOPEKTHH-
MH [1]. KiHIIEBOFO METOI0 OY/Ib-SIKOTO OITUCY MPHPO-
IIM CTIOCTEPEKYBaHUX (DI3UIHUX SBHUII € JOCSITHEH-
HS MakCHMajJbHO MOXIUBOrO ii po3ymiHHs. Lle
O3Hayae, 10 B HAIii ysABI MPOSIBM B3a€MOJIii MOB-
HICTIO, HECYIIEPEWINBO KOPEIIOIOTh Mi>K COOOIO Ta 3
MaTeMaTHYHUM OITHCOM iX.

CkramaeTbCsl BpaKEHHsI, 1[0 HAa CHOTONHI Taka
HEeCylepewsinBa KOpelillis HiOM CIoCTepiraeThes,
xo4a 1 HacTopoxxye gymka Ilons [Jlipaka, sikuii y 3pi-
JIoMy Billl BUMYIIEHUH OyB 3i3HATHCS, 1O «HAIA
TEOopist B3a€MOIiT €JIeKTPOMATHITHOTO MOJIS 3 €JIEKT-
POHaMHU MICTUTh JCmo TNOoKo XuOHe. XHUOHICTH
1iel Teopii HACTIABKY XK CEpHO3HA, SIK 1 HEMPABUIIb-
HiCTh O0pOBCHKUX OopOIT» [2]. Haith Jlem0O, Tex y
KIHIII JKUTTS, 3aCyMHiBaBcs — ()OTOH, peasibHa yac-
THHKA YW 3pYYHUH TepMiH [3]?

[Ipupona ¢izmyHOrO BaKyyMy Mae JOCTaTHE TEO-
peruuHe OOTpyHTYBaHHS [4] 1 eKCIepHMEHTaJbHE
MiATBEP/PKEHHS [S], poTe, Ui TIOIUHU 3 HOpMAJlb-
HUM [IY37I0M, anpiopi € abCOIOTHO HEKOM(POPTHUM
TOJIOXKEHHS PO HE3AJICKHICTh IBUIKOCTI CBIT/IA Bijl
CTaHy PyXy CHCTEMH KOOPIIUHAT, 1 HE TIOJHUIIIAE Bifl-
YyTTS JIESKOT MITYYHOCTi, YMOBHOCTI, THMYaCOBOCTI
Teopii. Crpobyemo nokasaTH, mo 1ei AUCKOMGpOpT €
PE3yIbTaTOM HEBIpHOI PO3CTAHOBKH HATOJIOCIB.

3rigHO MPUIHATOT HA CHOTOIHI MOJEIi (hi3UIHO-
T'0 BakyyMmy [4] BiH € CYKYITHICTIO BIpTYaJIbHUX, 30K-
pema, enekrpor-nosutponnux nap (BEIIIT). Sk Bi-
nomo, BEIIIl TeopeTHYHO BHWHUKAIOTH IMiJ 4Yac
po3B’s3aHHs piBHAHHA LlIpeninrepa 3 ypaxyBaHHSIM
CTB (piBusHHs dipaka), BOHU (paKTUYHO 3aII0BHIO-
I0Th BECh MUCIIHIMUH MIPOCTip, HE3aJIEKHO BiJl HAsB-
HOCTI YU BiZICYTHOCTI B HhOMY IHIIMX 00’ €KTiB. 3a-
3HaYUMO, B MOHOTpadii [6] (e B 1966 poi) cepen
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IHIIMX 3TayEThCS MONIENb (POTOHA Y BUTIISIIII ITOCITi-
JIOBHOTO 30yIKeHHs aipakiBcbkux BEIIII.

JI1s momanblIoro HaA3BHYAHO BaXKIMBO, IO
BipTyalbHi MPOTHJIEKHO 3apsA/PKEH] YaCTHHKH, IO
YTBOPIOIOTH (i3MUHUN BaKyyM, y OyaIb-aKiii cuctemi
KOOPJIMHAT MAalOTh HETIEPEPBHUHN CIIEKTP IMITYJILCIB
y MeKax BiJ] MiHYC JI0 IUTIOC HeCKiHYeHHOCTI. Lle
TBEPKCHHS € HACIIIKOM (DyHIaMEHTAIBHOTO CITiB-
BiJIHOIIICHHS HeBU3HaueHocTel [ eiizenoepra:

AE-Atzh,

ockineku iHTepBan At 4acy icHyBanHsa BEIIII He
Ma€ MPHUHIUIIOBUX CYTTEBUX JUISA Cy4acHO! (i3uku
00MeKeHb 1 MoXke OyTH SIK 3aBrogHoO MaiuM. OTxe,
HeBH3HaueHICTh AE Ta BelIWYHMHA €HEeprii £ 4u iM-
nynecy E/c MOXyTh OyTH SIK 3aBrOJHO BEIUKUMHU
(¢ — mBHAKICTB cBiTIA B BakyyMi). ['ycTuHa fiMoBip-
HOCTI po3moziry o iMmynscax f{p) (i mo msuaKoC-
TAX) MYCHTh OyTH KOHCTAHTOIO (HaIlleBHE, HECKIH-
YeHHO Malloro, abu 3aI0BONBHHUTH YMOBY HOpPMY-
BaHHs). Lle TBepKEeHHsI CTa€e MEPEKOHINBUM, SKIIO
HOPUIYCTUTH OOCpPHEHE — HEOTHOPIAHICT (YHKIIT
posmoniny f(p) y HesKii cucTeMi KOOpAWHAT Ha€e
MOXJIMBICTh CyO’€KTHBHOI 3MIHU BHIY (QYHKIIT
A(p) mpocTHM TIepeXxoIoM IO 1HIIOI CHCTEMH, SIKa Py-
Xa€ThCsl BIIHOCHO MEPIIOT 3 MOCTIHHOO MIBUIKICTIO,
MOXJIMBICTb 3HAHUTU 0cobnugy CUCTEMY. AJle HepiB-
HOIIPABHICTh (BIIMIHHICTh X04 OM B YOMYCh) iHEp-
IMIAHAX CHUCTEM BIJIIKY 3alepeuyeThCs CIEIiaib-
HOto Teopieto BigHocHOCTI (CTB). Otxke, B Oyab-
SKil cucteMi kKoopauwHatr, cykymHicte BEIIIT mae
OIIHAKOBHH BUIIISN 33 03HAKOIO PO3NOOINY O WEUO-
kocmsx, 1 st cykynHocti BEINII ne icuye takoi 03-
HAKH SIK PyXOMa Y¥ HEpyXoMa CHCTeMa KOOpIUHAT,
a ToMY 1 Oy/Ib-SIKO1 PI3HHUII Mi>K HUMH TEX HE iCHYE.

OCHOBHI BUCHOBKH 3 HaBEICHUX BHIIC MIpKY-
BaHb.

1. CBiTNO NOMUPIOETBCA B CHENU(DIYHOMY,
3 81ACMUBOCMAMU OleleKmpuKd, CEpeloBHIII, 3a-
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MMOBHEHOMY (BIPTYaJIbHUMH PYXOMHUMH) 3apsijizKe-
HUMH 9aCTHHKaMH.

2. B3aemonisa 3 cepefoBUILEM, SKE € aHAJIOTOM
TEeKTPUKA, 3HUJCYE TIBUIAKICTH CBITJIA came IO
Ti€l BEJIMYUHY, SIKY 1 OTPUMYEMO B CKCIIEPUMEH-
TaJbHUX BUMIipPIOBaHHSIX.

3. HeaminHicTh QyHKIIT po3noniny f(p) iMITynb-
ciB BEIIII y Oyab-4Kiii cuctemMi BifUliKy aBTOMaTHy-
HO 1 000B’SI3KOBO O3HAYAE OOHAKOBICMb MIBUIKOCTI
cBiTa B Oy/b-sIKil iHEpIiiHiil cucTeMi KOOPAUHAT.

JilicHO, B OyIb-SKHX JBOX IHEPIIHHIX CHCTEMaXxX
BIIUTIKY (DOTOH PYXa€THCSI B aOCOMIOTHO OJHAKOBHX
«IIeTeKTPUIHUX» CEPENOBHUINAX, B aOCOMIOTHO OJ-
HAKOBUX YMOBaX, OCKITbKA MEXaHIYHUHA PyX CHCTeE-
MU HisIK HE MOXKE BIUIMHYTH Ha XapakTep Po3noaiTy
fip) 1 xapakTep B3aemonuii potoH-BEIIII. Ile pobutsh
MO0 TIPOCTO MPUPEUYSHUM MATH OJIHY ¥ Ty XK IIBU/-
KICTh TIOIIMPEHHS 8 KOXMCHIU 3 THEPIIHHUX CHCTEM,
OCKUTBKH €JIMHA ICHYIOYa BiJIMIHHICTH MK HHMH
CYTT€BA JIMILE IS SIBUIN MakpoMexaHiku. [lpuna-
T1JTHO BiJI3HAYMMO, 1110 B a0COIFOTHOMY BakyyMi (200
IIe — «MaTeMaTUu4IHOMY», TiJ] IKUM PO3yMi€MO, KIla-
cuuHuit Hel0TOHIB, HIYUM HE 3alIOBHEHHM MPOCTIp,
B T.4. BIpTyalbHIMH ITapaMH — IKOU Take OyIio MOX-
JIMBO), Ha BiJIMiHY BiJ (Di3MYHOTO, IBUAKICTH CBIT/IA
Mayia 6 OyTH OUTBIIIOIO Bij ¢ (CKOpIII 3a BCe, HABITh
HECKIHYE€HHO BEJIMKOI0, OCKUIBKY B 1HILIOMY BHIIAJ-
Ky, X04 OM SIKOFOCh MIpOI0 MYCHB OW TIPOSIBISITHChH
lanineeBuii NPUHIIKI TOJJABAHHS IBUAKOCTEH).

4. BapTto BiA3HAYUTH, IO B3aEMOJIS B CEpelo-
Bumi BEIIII He Mae pe3oHaHCiB, IpHHANHMHI HaM He
BiJIoMO, 1100 Taka Mozesb po3rsiaanack. Lle aBro-
MaTHYHO O3HAYaE, 110 JUIS MOIIHUPEHHS CBIiTa y Ba-
KyyMi 8i0cymHs Oucnepcis.

CdopmynpoBaHi BHIIE MOIOKEHHS MPAKTHYHO
3HIMAIOTh TICHXOJIOTIYHY MPOOJeMy HECHpPUHHSATTS
npuHaitMHi ocHOBHOI Te3u CTB npo He3anexHicTh
CTaJIOl ¢ BiJl B3a€EMHOTO PyXy CHCTEM KOOpAMHAT. SIK
06a41MO, 11l ITOJIOKEHHS MOXYTh BXOJAUTH B KOHIIETI-
Iif0 CBITOOYJIOBH HE TIJIbKW SK IMOCTYJAT, ajie Je-
SIKOIO MIpPOFO K JIOTIYHHUH BUCHOBOK 3 1HIIHX JIOMO-
BiIeHOCTeH. Take MPHUITYIIECHHS € TOCTAaTHBO HECY-
nepewinBe, 3aMKHEHe, 1 Oyno O JIWBHO, SIKOW 1ie
OyJ10 He TaK: aJyKe caM BHCHOBOK IO CYTh (pi3uu-
HOTO BaKyyMy OTPHMaHO Ha OCHOBI 8UMYULEHO20
MPUIYIIEHHS] KOHCTAHTHOCTI IIBUAKOCTI CBITIA B
PI3HHX CHCTEMaX.

OueBuHO, 3HIMAEThCA HANpyra HEPO3YMiHHS
BiJICYTHOCTI Me€XaHI4HOi B3aeMonii (i3UYHHUX TiI 3
BIpTyaJIbHUMH 4acTHHKamMu. JIificHo, MexaHi4Ha
B3a€MO/Iisl T1JI IPOABISAETHCA (MU cCaMe TaK MOMidae-
MO 1 pEECTPYEMO i) SIK pe3yJbTaT OOMiHY CHEPTi€l0
(immynbscom). TIpoTe B JaHOMY BHUIAJKy Takuil 00-
MIH 3apeecTpyBaTH HEMOXKIIMBO, I1apa, M0 HapOIH-
nacs, Ko i (MATTEBO 1 JIOKAJIbHO) B3aEMOisIa 3
OTOYEHHSIM, PO3BHBAETHCS y 3BOPOTHOMY HAIPSIM-
Ky, 3HHKa€, HE 3aJHMINAI0YH KOTHOTO CIiTy, TpH
OMY TIOBHICTIO i OOOB’SI3KOBO BiJHOBIIOKOTHCS

MOYaTKOBl YMOBM MEXaHIYHOTO CTaHy CHUCTeMH (a
came — HyJIbOBa €HEpTis, HyJIbOBUH iMIynbc). OT-
JKe, HISIKUX MEXaHIYHUX 3MiH 30BHI He BiJOyBa€Th-
cs, iX 1 He Mo)ke OyTH 3a BuzHaueHHsM. (HapomxkeH-
HS peajbHOi MapH MPH B3aEMOMIl MOTYKHOTO Y—
KBaHTa 3 SAPOM € HE CTUIBKH BHHATOK, CKUJTBKH
iHma ¢isuka). [oBOpHUTH PO TyCTHHY, KOS(ilieHT
Tepts, Moxyns KOHra Ta iHIII MeXaHi4HI XapakTe-
PUCTHKH, SIKI JISIKAJI TTOCIIIOBHUKIB Teopii Makc-
BeJIJIA CBOIMH 3aHAJATO KpaliHIMU 3HAYEHHSIMU, He-
Mae ceHCy. MOKIIIBO, BOHH €, aje He B 3MO3i Ipo-
SBUTHCS, OCKUIBKM IIOYAaTKOBI yYMOBM iCHYBaHHS
(iznvHOrO Bakyymy (BOHH X i € KIHIIEBUMH, i CTa-
I[IOHAPHUMH) TTOBWHHI BiJITBOPIOBAaTHCh. «MU MoO-
KEMO CIOCTepirartu 00’€KT, JHUIIE MPUMYCHBIIU
B3aEMOIATH HOTO 3 YUMOCH 30BHIIIHIMY [7], 1 3 mMO-
BE/IiIHKHU LIbOTO 30BHIIIHBOTO CYIUTH PO HASBHICTh
1 MOBEIIIHKY JOCIKYBAHOTO 00’ €KTY — IIe 3arajib-
HUH (KOpeNsiiiHmiA) MPUHIIMIT TTI3HAHHS TPUPOJIH,
KOJI HeMa MOXKIIMBOCTI Oe3MocepeIHbO KOPUCTYBa-
THCH opraHamu 9yTTsa. B cepenorumi BEIII, micns
MIPOXO/KEHHS XBUIII, HIsIKUX 3MiH He BiIOyBaeThcA,
B SIKil OM CHCTEeMI — pyXOMill Ui HepyXOMii — Iie He
BiZOyBaJIOCSI, TOMY 1 CHOCTepe)XyBaHa IIBHIKICTH
CBITJIa IOBUHHA OyTH OJIHAKOBA B KOXKHIH 3 HUX.

SK110 MpUfHATH MOJENb (PI3UIHOTO BaKyyMy B
TeNepillHbOMY TPaKTyBaHHI, IPUHANMHI TOBE/IiHKA
(oTOHA B HHOMY BUIIISAAE TIPUPOTHO, HE TOPOIIKYE
HETIOPO3YMIiHHSI YM HECTHUKOBKH HaBiTh 3 TOBCSK-
JICHHMM JIOCBIZOM, HairojoBHime, 3 [amiieeBum
MPUHIIMIIOM CKJaJaHHsA MBUAKOcTed. J[o po3mos-
CIOIKECHHS CBITJIa LIel MPUHIUII IPOCTO HE Ma€ Hif-
KOTO BiHOMIEHHS — ()OTOH B KOIHOMY pasi He TO-
IIMPIOEThCA B CUCTEMI MaTepiaJlbHUX Tii, Oaiimay-
JKe — pyXOMiil UM HepyXoMil, ajie B crienupiaHOMY
cepenosunii BEIIIL, ske BUIIIs1a€ OJHAKOBO y BCiX
CHCTEMax BIIUTIKY Yepe3 crenuiqHiCTh CBOET IpH-
pomu. CucreMa MarepialdbHHX T c80iM pyxom HE
MOX€ YTOBUIBHUTH YU MIPUCKOPUTH PyX (POTOHA, 60
He 83aemodie 3 Hum. MaTepiabHi TiJIa € BAMYIICHO
JMIIe TeHepaTopaMu (Jpkepelnamu) abo peecTparo-
paMu 3HaXOIKEHHS €JIEKTPOMArHITHOTO 30yIKESHHS
B KOHKPETHHX TOYKax mpocTtopy. HaBiTe cBimkamu
HAasBHOCTI HE MOXYTh OyTH, 3aCBIIYMTH HASABHICTh
(hoToHa MOXHA E€IUHUM CIOCOOOM — 3HHIUBIIN
fioro, 1 TOAi B CepeoBUILI CIIOCTEPIraloThCsl 3MIHH,
SIKI CTUMYJTIOFOTB 37I0TaJIKy, 110 (oToH OyB. («Po3-
THH TiJla TOKa3aB, IO MAIi€HT IOMEpP BiJl PO3THHY
Tinay.) [HmmMMu cnoBamu, HOTOH HAPOIDKYEThHCS 1
3HHKA€ B CUCTEMI MaTepialbHUX TiJI, BOHHU € KiHIle-
BUMHU TOUKaMH 0ro iCHyBaHHS, IPOTE iCHY€ — B 1H-
oMy cepenoBHIii. I skOuM 1UX Tija He OyJI0 30BCIM
(ysiBimMoO c00i Taxe, x04a Oys10 6 1 HEMOXIIMBO BU3HA-
YUTH CaM MPOCTIip), HE NMPUIIUHUTHCS MOIIHPESHHS
XBWJIbOBOTO 30y/keHHst B cepenoBunii BEIIIT 3i
HIBUJIKICTIO C.

Agropu ri6oko BastuHi I1. 1. onmomy 3a o6roBo-
PEHHS TEMH.
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ONCE AGAIN -ABOUT VELOCITY OF LIGHT

Basing on the quantum mechanics and the modern model of physical vacuum we offer the consistent
method of understanding one of the postulates of Special Theory of Relativity — invariability of speed expan-
sion of electromagnetic wave in physical vacuum in all inertial systems.

Keywords: physical vacuum, photon, special theory of relativity.
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Taneri U., Prykarpatsky Y. A., Vovk M. 1., Prykarpatsky A. K.

THE ELECTROMAGNETIC LORENTZ PROBLEM AND
THE HAMILTONIAN STRUCTURE ANALYSIS
OF THE MAXWELL-YANG-MILLS TYPE DYNAMICAL SYSTEMS
WITHIN THE REDUCTION METHOD

Based on analysis of reduced geometric structures on fibered manifolds, invariant under action of an
abelian functional symmetry group, we construct the symplectic structures associated with connection forms
on the related principal fiber bundles with abelian functional structure groups. The Marsden-Weinstein
reduction procedure is applied to the Maxwell and Yang-Mills type dynamical systems. The geometric
properties of Lorentz type constraints, describing the electromagnetic field properties in vacuum and related

with the well known Dirac-Fock-Podolsky problem, are discussed.

Keywords: symplectic structures, principal fiber bundles, Lorventz constraints.

1. Introduction

It is well known [4, 2] that Hamiltonian theory
of electromagnetic Maxwell equations aces with
very important classical problem of introducing into
the unique formalism the well known Lorentz con-
ditions, ensuring both the wave structure of propa-
gating quanta and the positivity of energy. To the
regret, in spite of classical studies on this problem
given by Dirac, Fock and Podolsky [5], the problem
still stays open, and the Lorentz condition is im-
posed within the modern electrodynamics “by
hands” as the external constraint not entering a pri-
ori the initial Hamiltonian (or Lagrangian) theory.
Moreover, when trying to quantize the electromag-
netic theory, as it was shown by Pauli, Dirac, Bogol-
ubov and Shirkov and others, within the existing
approach the quantum Lorentz condition could not
be satisfied, but only in average sense, since it be-
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comes not compatible. This and related problems
stimulated our studying of this problem from so
called symplectic reduction theory [1, 3, 9, 12],
which, in addition, allows systematically to intro-
duce in the Hamiltonian formalism the external
charge and current boundary conditions as well as
to suggest a solution to the Lorentz condition prob-
lem mentioned above. Some applications of the
method are given to Yang-Mills type equations, in-
teracting with a point charged particle. We study
the related Poissonian structures on the correspond-
ing reduced symplectic manifolds, which are used
in various problems of dynamics in modern math-
ematical physics, and apply them to studying the
nonstandard Hamiltonian properties of the Max-
well and Yang-Mills type dynamical systems. We
also analyze from symplectic point of view the im-
portant Lorentz type constraints, describing the
electrodynamic vacuum properties.



