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9KBUBAJIEHTHBIE I[EFICTBHH INOTEHIIUAJIOB OT YCKOPEHMHA
N I'PABUTAIIUN HA BPEMSA U MUPOBBIE JIMHUU B
INPOCTPAHCTBE-BPEMEHUMN MUHKOBCKOI'O BMECTO ET'O
HNCKPUBJIEHHUSA
AHHOTALIUSA

B cratbe ¢ mo3unuit npeamerta "Ten3opHas Tpuronomerpus" ot ero aBropa
YCTaHOBJIEHO, YTO MpobiieMa HecoBMecTUMOCTH Teopun OTHOCHUTETBLHOCTH H
PenstuBuctckoii KBaHTOBOii MeXaHUKH eCTb HCKYCCTBEHHas. Mbl BBISBHIN
UCTUHHYIO TPUPOAY HUCKPUBISAIOMIKUX ACHCTBUH, HO B MPOCTPaHCTBE-BPEeMEHH
MUHKOBCKOr0, BHyTPEHHUM YCKOpPEHHEM W/WJIH HaNpsKEHHOCTBIO IPaBUTAIIMN —
mi¢pdepenumanbHo dkBUBaieHTHbIMU. C moteHuuanom Bceenennoit Iy mzydensl
aKTyaJlbHble BOMPOCHI O TMPOUCXOXKIEHUU CKOPOCTU CBETa «C» U €CTh JIM OHa
KOHCTAHTa BO BceleHHOM, U 0 reHesuce MOMHON SHepruy Maccsl E=mc?.

KiaroueBbie cjioBa: TEH30pHass TPUTOHOMETpPHUS, CHUMMETPUUYHBIA U
reHepasbHbId TEH30pbl JIBUKEHUH, MOJIIPHOE pa3jio’KeHHe, TeH30p aKCHAJIbHBIX
poTaluii, CAMMETPUYHBIN U reHepallbHbI TEH30pbl SHEPTUU U MOMEHTOB, TeopeMa
[Tudaropa st 3X MOMEHTOB, THIepOoIMUecKasi TeOMETPHsl, YIIIOBbIe JIeBUAIINH,
npeteccusi Tomaca, Teopust OTHOCUTENLHOCTH, rpynna [lyankape, opromporeccus,
cymmupoBanue 4- u 3-ckopocteit, Teopema Iludaropa mns 4- u 3-yCcKopeHWHid,
3aMeJieHUusT BpEeMEHHW KOCHHYCHbIe W ToTeHnuanbHble, Bce GR-addexTsl,

IIoTCHO Al BCCHCHHOI)‘I, CKOPOCTb CBETA, DHEPTHUA MACCHI.
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EQUIVALENT ACTIONS OF POTENTIALS FROM
ACCELERATION AND GRAVITATION ON THE TIME AND WORLD
LINES IN THE MINKOWSKI SPACE-TIME INSTEAD ITS CURVING
Abstract

In the article, with points of view of new math subject “Tensor Trigonometry”
from author-himself, we showed that a long-standing problem of inconsistency of
Theory of Relativity and Relativistic Quantum Mechanics in presence of gravity is
artificial. We revealed true nature of curving actions, but in Minkowski space-time,
by inner acceleration or/and intensity of gravity — differentially equivalent. Through
the Universe potential Iy, we discussed actual questions about generation of the
light velocity «c» and, whether it is constant in the Universe, and about genesis of

the full energy of mass E=mc?.

Key words: tensor trigonometry, symmetric and general tensors of motions,
polar decomposition, tensor of axial rotations, symmetric and general tensor of
energy and moments, Pythagorean theorem for three momenta, hyperbolic
geometry, angular deviations, Thomas precession, theory of relativity, Poincaré
group, orthoprocession, summing 4- and 3-velocities, Pythagorean theorem for 4-
and 3-accelerations, time dilations cosine and potential, all GR-effects, the Universe

potential, light velocity, mass energy.
I'naBa 1. Beenenue.

B nociennue necstunetus B TEOPETUUECKOW (U3MKE BBISIBUIICS OUYepeTHON
(GyHIaMEeHTaNbHbI KPU3UC TOCJe MHOTOYHMCIEHHBIX, HO BCerja Oe3yCHelIHbIX
nonsITOK, NpuMupuTh O0Iyt0 Teopuro OTHocuTenbHocTH DiiHITERHA (OTO) 1

Penatusucrckyto KBantoByro Mexanuky {upaka (PKM).
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IIppunHOM  Kpu3uca, [OaBHO OCO3HAHHOM  NPO30PJIMBON  YacThIO
PENSITUBUACTOB, SBJSETCS HECOOTBETCTBHE HCKpHUBIEHHOro 4D mpocTtpaHcTBa-

BpemeHu OTO ycnosusim Teopemst HéTep [1] st 3akoHOB coxpaHeHHs U 3aKOHAM

3+1 3+1

KM, Ho xoTopeM 4D npoctpanctBo-Bpems Ilyankape O°"" m MuHkoBckoro P
cootBeTcTBYIOT. OHO xe mpumensietcss B PKM [lupaka [4] u B Teopun uHepuuu
Marepun Xurrca [5]. Meura Ditnmreitna ¢ 1931 o puraNbHON equHOM Teopun Bcex
4x B3auMoOJeHCTBUU (B T.4. C TrpaBUTalMeid) BoLLIa 3aTeM JOTMYHO MU B
npotuBopeure ¢ teopemoil ['€npaepa o HenonHoTe. HeycTaHHble NONBITKY psiia
DHTY3MACTOB 3TOH TMIIOTETUYECKON Teopuu, Aake C OOMJIbHBIMU TPAHTOBBIMU
nonaepxxkamu, crand B OTO cpoanu pelieHusiM npodisieM "kBaaparypsl kpyra" u
"BeuHoro nurareis". Kazamoch Obl, sSIBHOE MaTeMaTH4eCKOe HECOOTBETCTBHE
KpUBOJIMHEWHOro U Mmiockoro KoHTUHyymMoB OTO um PKM BnosnHe oueBHAHO.
Opnako B 3TOH 3acToifHON MpoOsieMe WHEPIHOHHYIO HETraTUBHYIO POJib ChIrpal
clnoxuBLIMiics 3a Oonee, yueM 100 neT, KOHcepBaTU3M OUYEHb BIUATENHLHON YacTh
PENSITUBUCTCKOTO COO0IIIeCcTBa, npuBepxkeH1eB reomerpudeckoit OTO — Bcé Gouee
330TePUUECKOr0 U arpeccuBHOro. Tak, 4ToObl €€ OTCTOATh, YIOPHBIE amoJIOreThl
OTO paxe BBoasaT ad hoc HoBble M aBHO M30bITOuYHBIe MOHATHA!? Xotas OTO,
MOSIBUBLINCH, Cpa3zy e JUKBUAMpoBana mpeoOpazoBanus Jlopenna u 3D
runeprpoctpaictBo  JlobaueBckoro [6] ansg  CyMMHUpOBAHUS — TJIABHBIX
rUnepooIMYECKUX ABMKEHHH, UX YTII0B, CKOPOCTEH, a Takke MHOroe Jipyroe!
Onnaxo P**! peanbHo ncnonbsyercs ecrectBeHHbIM 06pazom B TO, PKM u
anekTpomarnetusMme MakcBermia. J[ns paboTel B HEM ¢ JelicTBUEM TpaBUTALUU
npeasiarajJoch MPUMEHSATh 2 METPUUECKOTro TeH3opa — MuHKoBckoro u Pumana.
BriepBblie Takyro SIpKy0 NPUMHPSIIOLIYIO WICH0 BBIABUHYI U peann3oBasl PozeH —
acCUCTeHT W koiyulera OiHmTeiiHa B IIpuHcTOoHCKOM yHuUBepcutere [7]. Ho
HauOosiee pa3BUTOW C JABYMsSI TeH30paMH okazaiach PensituBuctckas Teopus
I'paButanuu JloryHnosa [8] ¢ KjlaccuYecKUM MOJIEBBIM MOAXO0JIOM K FpaBUTALINU C
OMHMCaHueM JBWXEHUUW B HaOJOJaTebHOM IICEBJOPUMAHOBOM IPOCTPAHCTBE.
bumerpuyeckue Teopun NPUMEHSIOT TO ke a0COMIOTHOE TeH30pPHOE UCUHCIIEHUE C

KOBapHaHTHBIM U depeHpoBanuem nis ApmwkeHuit u Bcex GR-a3¢pdexTos.
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NHorna perieHne 3acTORHOro BONpoca JISKUT 0e3 HOBBIX YCI0KHEHHH U r1ie-
TO B €ro MCTOKe. ABTOP MOAXOIWJ K €ro pa3pelieHrni0 HEOOBIYHO — TMOIMYTHO C
NpUMEHEHUEM HOBOTO MAaTEMaTU4YeCKOro MpeaMeTa, OIyOJMKOBAHHOIO WM
Brepseie ¢ 2004 B ™moHorpadpum "Tenzopuas Tpuronomerpus" [9], c ero
MOCJIeIOBAaTEIbHBIM ~ M3JIOKEHUEM U MEPBOOYEPEIHBIM HUCIOJIb30BAaHUEM B
reoMeTpuYecKux U ¢usznyeckux odnactsax, B ToM uncie B TO u KM. B ero
aHTJIMIICKOM M TIOCJIeIHEM OT aBTopa 3-em uznanuu "Tensor Trigonometry" [10] —
caMOM paclIMpPeHHOM U OOHOBIEHHOM, OH BbilleN B cBeT B Havyane 2025. [Ipeamer
npenHa3HaueH, HapuMep, JIsl HarJISIIHOTO aHalu3a B OJHOPOAHbBIX U U30TPOIMHBIX
OMHApPHBIX MPOCTPAHCTBAX U HA UX THIEPIIOBEPXHOCTAX paaunyc-napameTpa «R» ¢
HEeBKJIMJJOBBIMU reoMeTpusiMu. TeH3opHas TpuUroHOMeTpHsl UCTOIb3YeT MPOCTOR
TEH30PHbIA W BEKTOPHBIM aHalU3 ¢ OpPMO2OHANbHLIM OuepeHyuposaruem u
uumezpuposaruem! C Hum 3akoHbl U GR-apdexktst TO wusnaratorcs 6Oe3
UCKpugneHuss  TPOCTPAHCTBA-BpeMEHH,  HalpuUMep, B  08eujecmeieHHoOM
TICEBIOEBKIM0BOM POCTPaHCTBe-BpeMenr MunkoBckoro PP*! unmu B ucxomnom
KOMNAeKCHOM KBa3WEBKIMIOBOM IIpocTpaHcTBe-BpeMenu Ilyankape O/ 1 ¢

MHUMOU CTPEJIOW BpeMeHU {ict}, HampaBIeHHOH B Oynylee.

I'maBa 2. HeeBkinoB runepOoiMueckuii, eBKINA0B OpTochepuieckuii u
001U TICEBOEBKINA0B TEH30PbI IUCKPETHBIX MPeoOpa3oBaHmil U pOTAIIHiA.

B TO Ilyankape [2], Bce 4 koopanHaThI IIeHTpa Macchl 00bekTa N B 0azucax
Ei u E BwIpaxkarorcs B TpUTOHOMeTpUUYeCKOH (hopMe MacCHUBHOW WM aKTUBHOM

YUCTOM poTanmel Ha yron iy B KomrekcHoM Q.

, AIEHTUYHONX TOMOTEHHBIM
npeobpazoBanusm Jlopenna [11], Ha3BanHbIMU Tak [lyaHkape AJis OJHOPOIHOTO U
H30TPOITHOTO IPOCTPAHCTBA-BPEMEHHM C €BKJIMIOBBLIM METPHUYECKHM TeH30poM {I'}

u ¢ ero xe pediaexrop Tenzopom {1} [9, ¢. 154], [10, c. 137] (cosa==1):
)

1 ;
COs iy 0 0 =Lsinéy-coso $[11} cosh -y - wﬁ Fsinhy - cosa - etV T
0 10 0 (L L
0 0 1 0 mél) wél) Ty
Fsinéy-cosae 0 0 COS iy it icosh y - et - sinhy - cos o - m[11)] ict
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B TpakrtoBke Ilyankape 4-1 koopinHaTa €CTb MHAMasi U IPUBEACHA K € IMHOU
MeTprKe (HakTOpoM «ic» (CKOPOCTh CBeTa B BaKyyMe). DTO MPUJAJTI0 €ro HOBOMY
4D mpocTpaHCTBY-BPEMEHN OAHOPOAHOCTb W M30TPOIHOCTB, & CKOPOCTH V — €&
MaKCUMYM «c», 4yTo ecTb [locTynat DiiHmTeitHa B ero Bepcun CTO [12], HO Kak
cnedcmeue 13 max{tanh y}=1. Takoe xe neficteue, Ho B 4D dpopme BbIpaxkaeT HaII
4x4-ten3op nswxkenus roth'=F(y, e,) — cm. B [9, c. 232] mmm [10, c. 202] B

npocTpaHcTBe-BpeMeHn Munkosckoro P! ¢ tenzopom Munkosckoro {177}

roth I' =

—> H
eqe, +coshy - e.el | sinh v - e, (1)
sinh v - e, | coshy

I3xs + (coshy — 1) - eqel, | sinhy-eq |
sinhy - e | coshy o

¢ ¢ T ¢ 3
e exel, = eyel, u eyel, = I3us — e.e, — cobemeennvie npoexmopu B £7 9]

I1pu 2X CTYIIEHYATHIX HEeKONUHEAPHbIX TAIEPOOITNYECKHX IBHKEHUIX B P11
BO3HUKAET JOIMOJHUTENbHAST opmocghepureckas potauus O, BblsiBieHHas B 1914
3unsbepiiteiinom kak kuHematudeckuiét spdext TO [13]. Ona durypupyer B
6a3uce E| B kaHOHHYECKOH popMe B HallleM T'eHepaIbHOM IICEBI0EBKINI0BOM 4x4-
TEH30pe ABMKEHUS U B €ro MOJSIPHOM Pa3ioXeHUHU Ha runepoonndeckyto rothl” u
oprocdepuueckyto rotO poramuu [10, c. 231]. DT gBe poTamuu BO BceX HX
COYETAHMSX NAIOT y HAC noaHyo u HenpepuoigHyto rpynny Jlopenna (!) B (n+1)-D
IPOCTPAHCTBAX U HA UX COBEpULeHHbIX THUIEPIIOBEPXHOCTAX pamuyca R ux n-D
potaruu u aBwxeHus uzoMopdHsl (1) s 2x u k-ctynenuarsix rothl'yx u gaxke mus

HHTETPAJbHBIX  JBIKEHHW C  MeTpuueckuM  TeH3zopoM {I™}  ummeem:

g s |- [rﬁ Oaws+ (coshy — 1) - es€, | sinhy- e, -‘
roth{T, ©} = roth ['- 1ot O, = H roth Ty = e Z T = {2
k=1 £
_ . ! 2 . T T —
_ [ faxat (cvosh’}f ’1) €, | sinhy- e, | [ [rot 63]3x3 | 0 T g RO PRI e
sinh ¥y - e’ | coshy 0 E & &

" 1 y ecTh yrous runepOoIMUECKOl poTaluu BOKPYT pernepHoit ocu {ct} B TO
wn ocu opauHatel {y} B (3+1)-D mceBmoeBKIMIOBOM TPOCTPAHCTBE MpH €&
(GUHATHPHOM HAMpPaBJICHUN €s. [ MmepOommuecKuit yro y onpeaesseT mpoeKun 4-
ckopoctr Ilyamkape ¢ ma E°) kax 3-ckopoctn obbexra N B 6Gasuce E; —

cobcmeennyio v¥=dx/d1=c sinh y u koopounammnyro v=dx/dt=c tanh y<c.
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O u 0 — oprocthepuueckuit yron 3x3-TeH30pa rotO akcHambHON pOTAIUU
BOKpPYT 3-i1 HOpMaNbHOW OCH €y, B CUHYCHOU HOPMATbHOU €8KAUO0BOU NIOCKOCU

2 = {646, = (es, ez C g3,

Oprocdepuueckue opoumanvhsvie pomayuu o0bekTa N Macchl m MpPU €ro
CKOPOCTH V, Pean3yrTCs pOTalusIMUA MHUPOBOW JIMHUU TOXE TEH30pOM rotO, a
MMEHHO: €€ KacaTeJIbHO! iy ¥ €€ IICEBIOHOPMAIIN Py BOKPYT HOPMAJIBHBIX OCEH e, U
e, B E°) i E*™ nop neiictBueM HOpMalbHEIX ycKopeHuii g, OpTocdepuyeckue
akcuanvhvie pomayuu Tena N ¢ MOMEHTOM UHEepUUH Jo U YIIIOBOM CKOPOCTBIO W
BO3MOXKHBI B €r0 JBMKEHUM M MOKOE BOKPYT TPEX HOpMabHEIX oceil B £*(D un
E*™ Tonpko mon AeiicTBMEM HX KPyTALNIMX MOMEHTOB Py, Kpome npeyeccuu
Tomaca, — cMm. nanee. OpOUTalIbHbIE U aKCHAJIbHbIE MOMEHThI poTanuil oobekta N
BOKPYT CBOUX OCeil UMEIOT o0lIie MPUPOIy U pu3ndecKyto pasmepHocTs. [ToaTomy
OHHM T'€OMETPUYECKH CYMMHUPYIOTCS C BO3MOXKHBIM paclleljieHueM, Halpumep, B
PKM. Kaxable uMmeror no 3 cTeneHu cBOOOABI C OCSIMU €, U e,, a C IepBoil e,
00pa3syIoT Kak 66l "nodsec Kapoano” B E*V k nepenamueucmcekoii 6uropmanvol
nnockocmu E*M=ce,, e,>. B (2) u (3) oprocpepudeckure portamun rotOsy; 1 rotOuxs
neiictByrOT B E*<P**! ak eBkiumoBbl. DT 7 poTauuil (IBHKEHUIT) 1 3 TpaHCIAIMU
obpazyroT nosnyto rpynny Ilyankape <1+3+3+3=10>.

MpI BeIBeieM B reHepalibHOM TeH30pHO-BEKTOPHO-CKANISIpHOH (tvs) dhopme U
¢ optochepuueckoit yacteio 1ot© B (2) u (3) OOmue 3aKoHBI CYyMMHPOBaHUS
IIPOCTPAHCTBY MOJOOHBIX 2X CTyMEHYaThIX B (2) rumnepOonudeckux potaruit (1).
Tenzop 1-ro IBUXKEHUS C €4, MPUIOKEHHBIN K KacaTelbHOH ig MUPOBOM JTMHUM 2-
ro ABWXKEHUS, WA K paguyc-BeKTOpY i TpUroHomeTpuueckoro runepoononna Il
paguyc-nmapamerpa R=1 B P*'! — 06a B xanomuueckux ¢popmax B E; maror Bce
3aK0oHBI CYMMHUPOBAHUS 2X CTYMEHYATHIX POTAIMi WU TBUKEHUH, B TOM YHCIIe
sneMeHTOB B reometpuu JlobaueBckoro [6], a Takxke 4- u 3-ckopocteit B TO B ux

TEH30PHBIX 1 MPOSKTUBHBIX TPUTOHOMETPUUYECKIX (hopMax (BEKTOPHBIX —
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CUHYCHOH M TaHT€HCHOM, CKAJSIPHBIX — KOCMHYCHON M CEKaHCHOW) 6 mpamou u

0bpamHoil nociedosamenvHocmax pomayui unu ogudxceruu [10, c. 292]:

Lys + {coshy, — 1) - e el | +sinhy,-e, {Sinh’}‘gg . eﬁ} B

roth [ - = .
e +ginhyig - e cosh iz cosh a3

[ [sinh 4y - coshys + cose - sinhyg - (coshyy — 1)] - €, + sinhyps - €5
o coshy1g - cosh yzs + cose - sinh vy - sinh g3 o

[ [sinh qyy - coshygg + cos e - sinh gy - coshyps] - e, 4 sine -sinhyps -e, |
o cosh ;4 - co8h Yy3 4 cose - sinhypy - sinh gy o
sinhyz - €, ; -— = -— ; ) ‘
= {— =iy3 = {rot Ohz-i1s — €, =rot Ouyz-e. (ilg- {IF} iz =4 =—1). {4)
cosh 13 G

. I3 + (cosh gy — 1) - egel | +sinh oy - € sinh 19 - €
Fokh T - dyore %3 ( Bkl ) €5 N Yg3 - €5 '{1 Y1z a}

+ sinhy,3 - € cosh Yo cosh yyy

[sinh 23 - coshyyz + cose - sinhyyy - (coshyys — 1)] - e + sinh g1, - €4 _
coshy1z - cosh yag + cose - sinh yyg - sinh a3

[sinh 7o - coshyig + cog e - sinhyig - coshyas] - e +sine -sinh vy - e,
%8
coshyyg - cosh g3 + cose - sinh -y, - sinh o4

ginhyi3 - e, z _ _ 2! z
= {W’ylgg :} = 113 = {?"5%" @}13-113 — eé = rﬁt’ egxg'eo— (113 '{Ii}-ilg = 32 = —l). (5)

B TO, kak Bblllle, TPUMEHSIOT BHEIIHUN OpTOCc(hepuyecKuil yroi € MexIy
cerMeHTaMu 12 u 23, HO B HEEBKJIUIOBBIX I€OMETPUSIX JJII HUX HCIOJb3YIOT
BHYTpeHHUN yron Ajx=n—e. [Ipsimoe u oOpaTHOe cymMMUpOBaHHe pPOTALU WK
JBUKEHUH CBsI3aHbl opTocdeprueckoi porauueii rotO. 13 (2)—(5) Haxoaum HOBbIe
€BKJIUJIOBbl OPThl €; JJISI CYMMapHOro TUIepOONMYecKoro IBWKEHHUS B 2X
BapuaHTax (4) u (5). OHM TpUMEHSIOTCS 7Sl BBIYMCIIEHUS TeH30pa rotOsy3 B (2)
(3) ¢ akcuanbHBIM CABUTOM 3uibOepinTeliHa Ha yroa © u 0, a Takxke HHUXE MO

dopmynam oprocheprdeckoii TpuroHoMeTpuu B E°:

T
o S | s G _Tirs
cos ¢ + l4cosd 3 + l—l—cclsB +T2 + ltcosd 0
_ o TiT2 T3 ToTs
?"EE 94)(4 = {T‘Ot E?}SXS 0 iy +T3 + licosg COSB + ltcos@ —71 + l-l—ccisl‘? 0 I (6)
0 1 T3 TaTg i
5y s ltcosg +Tl - 1tcos@ Cos 9 - 1lcosg 0
0 0 0 1

B orcyrcrBue chepudeckoro rotd B O*'! u runepbomuueckoro rothl’ B P>
TEH30pa [J1aBHOIo JBHXKeHUs (6) He NaéT mpeleccuu U JeBUaluu yrion!
Jns 2x ctyneH4aTslX ABMOKeHUH 12, '3 1 23, ['12 mnim aBmoxenuit rothl'y c

ux (uHATBHBIMU K HampaBIsOmuMH KocuHycamu, rae k=1, 2, 3, Mbl umeeMm
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€.={COS Gk} — JUIsl IPSAMOro ¥ 00paTHOro nopsaka. B utore B E° oHu naror Ham 3-

0 HallpaBJIeHHYI HOPMAJIbHYIO OCh €, pOTallH C T10BeCKOM (—sin 0):

—_—
r1

™2
13

i K K

Z z i
‘ COS g3 COS oy — COS oy COS oy ‘
= e, X e, = det COS¢F] COSTg COS a3
o

| 1]
= = —sind - en.(T)

Z 2z
CO8 g COS ] — COS ] COS 73

— — —
)= ]

z z z _ .
Cosg) COSgy COS g COS F1 COS Fy — COS Fp COS 71

|sin 8| = ||[Fn{8)|| = /72 + 72 + 72, tr [Fof Olsus = 2(cosf +1); cosf = el e, = tr [Fof Olsns/2 — L.
B aerepmunanTe def{eé,eg,'r?;} >0 =+ 8 < 0mn (eé, €., €x) €CTh ACGOCTNOPOILAL TPOHKA.

Oprocdepuueckuit yron 0 u uakpemeHT dO gaHbl npomus uacoeoil cmpenxu,

(4

U 3]IeCh CO 3HAKOM “—” (HO opTochepruyuecKuil yroia € MeX1y OpTamMu €, U e 1-ro u
2-ro runepOoJIMYEeCcKOro ABMKEHUS JaH CTaHAapTHO CO 3HAKOM “+), HampuMmep, B
E*®<p*! g TO, a taxxke B runepbonrdeckoii reometpun. IlpaBuno sgnd;;=—sgne!
Ho nns 2x crynmeH4aTblXx c@epuyecKuX poTaluid B KBa3HUEBKIUIOBON U
cthepuueckoii reometpusax: sgnds=+sgne! JlonomuurenbHo ¢ hopmynamu (4), (5)

MBI IM€eM COOTHOIIeHHs B ES<P3!:

e ’ ’ = i -
e. =rot @3><3-eg:{eg-eg}-eg:sec@-{eg-eg}-eg, rﬁ[@):eéxeg:—sul@-eﬁ,
-— = = : ——
eg =rot Enyn- 0. = {eg- e} ey =sece . {eg e} es; rn(eE) = g X 84 = +58ine - 8y, (8)
o e, =k L - ’ =z ’
7ol Blays - Je -} 1ol Oaus = e, e '); cos eyes, cose = e,eg.
R

Jns tpeyronbpauka ¢ (4) u (5) monyuaem nedekt Jlambepra 0123 [10, c. 226].

Jlnst TpeyroyibHUKa Ha Tunepcdeponie Mbl mojydaeM 3kciiecc ['appuora.

I'maBa 3. KuHemaruka W JuMHaMHKa B MPOCTPAHCTBE-BPEMEHU
MMHKOBCKOTO.

Mer Belpazum B P! 4x4-tensopsl ckopoct Tv, momenTa Tp u 3Heprun-
momeHTa Tg. Bce oHM mpomopiMoHaNbHBI U, TJIaBHOE, Hauiem) Oe3pazMepHOMY
TPUTOHOMETPUUYECKOMY TE€H30pY ABMKeHHs (1) B MX KAaHOHUYECKUX CTPYKTypax B

ucxonHoMm 6Oasuce E;, uTo, HakoHer, mposicHseT BceM ux cyTb [10, c. 303].

f r * I3 *
To =c-rothl = c- Inua+ (coshy — 1) e, -e.' | sinhy-e, e layat (e —c)-e, 0, VS , ()

sinh v - ], cosh ¥ Vi’ ¢

T = moc-rothl = Py | Jaxa b (coshy —1)reo oo’ leinhy e | | P ot AP o ea {Paf (1)
sinh+y - el cosh ~ p. P

Te :mDCZ'T‘OthF: Ey- IBXB-I—(CO'Shf)(_I}'eG'eG’ sinhy - e, = ED'IBXB‘FA'QQ'E'G’ Pat ’ (11)
sinh~ - el cosh-y plLe E

= B =mc" =coshy-Ey= Fg+(coshy— 1) Ey = Ent ke Fo= Ea+ A, tie kg = coshy— 1= AE/Fy. (11 — A)

oo 7| [ 205] () [ 3] -9

cosh~y cosh ~ mge® me
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Ty Bkmodaer 4x1-ckopocts [lyankape o6beKTa 10 MUpoBOi nuHuu B P°*,
[To cBOEMY TICEeBIOEBKIIMIOBY MOYJIIO |ic|p=C OHA TIOCTOSIHHA JIJISI JIFOOOH MaTepuHu.

Tr BKITIOUaET cOOCTBEHHBIN 4X 1-MoMenT Py B0 MUpPOBOIt TuHKu B P21

Tk BKIIOYAET CKANAPHYIO MONHYI0 3Hepruio E=mc? u pa6oty A=AE nmeHHO
B HaIlpaBJIeHUU JABW)KEHHUS €, N3HAYAIbHO UJIN € B IyTH JIBUXKEHHUS.

Po=mpc ecTh runoTeHy3a nceBa0eBKINI0BA MPSIMOYTOJIbHOIO TPEYroJbHUKA
TpEX MOMEHTOB C KaTeTaMU-MOMEHTaMU: MOMANbHbLll BIOJIb CTPENlbl BpEMEHU
P=mc=moc*, peanvnoiii p=mv=mov* u ¢ €BKJIUA0BbBIMU NPOEKLUUIMHU 4-CKOPOCTH;
c* — CynepcKopocTh opmonpoyeccuu muposoii aunuu 1o {ct}. B P**! neiictyer

Abcontomuasn  Ilcesooesxnuoosa  Teopema  Ilugpacopa  3x  momenmos:

Py =my-c=Py-i=P-ij+p-j = (iR)? = (4P)*+p° = —B} = —P* +p* < 0 (at tensor I*). (13)

(IIpn nponopnuosansHOM npororune 1 = cosh? ¥ — sinh?® vy nost Tpéx cxopocredt ¢? = ¢*% — 'U*Q.)
VYron I', y B Tpuronomerpuueckux teHzopax asrwxkenus (1), (2), (5) u B

dbus3nyeckux teHzopax (9)—(11) obmwmit. Hanmpumep, ¢ yuérom (5), (12):

=Po.. [14)
o

+sinhyzs - e cosh vz Efc coshyiz E'je

I cosh — 1) ege’ sinh = sinhyiz - e.
S D P 3x3 + (coshyss — 1) ege; | 4sinhyos - eg .[pa}z 0‘{—U}=|: P

CnenoBarensno, B P! npeo6pasoBanus JlopeHna AeiCTBYIOT MIEHTHYHO
Kak Ha 4 KOOpAMHATHI 00BEKTa, TAK U HA €r0 MOMEHTHI M dHEepruto, npuuém B (14)
aKTUBHO, T.e. MPOTUBOMNOJOXHO (4) — co caBuroMm +0. Takxke UASHTHUYHO 3TH Ke
npeoOpa3oBaHusl ACHCTBYIOT Ha 3JIeKTpoMarHeTusM MakcBelsa, 4TO JOKa3aHO
Jlopenuem B 1904 [11] u npuseno Ilyankape k TO B 1905! M3 Hammnx TeH30pOB
MOXXHO $ICHO BUJETh, YTO TPUTOHOMETpHUUeckHre U ¢uznueckue (HOpMyibl U HX

31y Munkosckoro P31

WHBapHaHThl B TpocTpaHCcTBe-BpemMeHu Ilyankape (.

POMOPLUOHATBHBI IPYT APYTY C OCTOSSHHBIMU (hakTopamMu Kak u3omMophusm!
st poToHOB DUHIITEWHA B Pe=moC*=mCe, 3TH (HOPMYJBI JAIOT CHaJaa

HeonpenenéHHocTh Oco, a moToM e€ packpbiBatoT B 0azuce E; uepe3 E=hv. C yuétom

3TOTrO, Mpeodpazyem it nBrxKeHUs poToHoB Gopmydsl (10) u (11) kak:

’ ’
P 6x €x | Pa ~ Ty =mpe? rothl =000 = Erex ex | Pac

Trp =tpe tothl =0 oo =
£ ¢ PL P PLC B
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BbIsSIBUM nosHy0 aOCOMIOTHYIO PESITABUCTCKYIO AMHAMHUKY oObekTa N B
P**1, xoTopast Tenepb NPONOPLUUOHANBHA 2eHepanbHomy 4X4-TeH30py ABUKEHUS U

npeobpazosanusm Jlopenua B popme (2), (3), Hanpumep, ¢ pakropom Ey=myc?:

TE — Eg 5, roth{f‘,@} = ED g

[{»EE Olasxa + (cosh~y — 1)-egefé | sithy - e, } (16)

sinh~y e/, | cosh~y
o
__} ’
Fy - [rat O)axs +AP-ege§ | Po
Pl | £
(=8

La + (coshy — 1} - eyel, | sinhy e, ) ['PB% asxa | 0| _
sinh-y - e | cosh-y 0 [1 B

o

—
Ey [rot ©laxs + 4 - ege’é | Pot
ple | E
o

= (17)

= Ey-rath T'-rob @4XQ=ED[ (18)

!
Fo-Iaxa +A-eqe, | Pat
!
pLc | &
B = 2 p_ _ _ .. o ‘. —r>_I o
(E=mc®, P=me, p=mv=mgv"; e.e, =e.el; e.el =lh.—e,e

o =1}

= -

.{[%ﬁ@]sxs|0]=

[ [rot &laxs | ©
o’ | 1

= |1].(19)

o
cosf = egeé.)

 CR—
£y - Iz +AP'ege‘g | Pa
A | P

5 ¢
e,e’, = cosf-e,el,
o o

[Ipu otcyTcTBMM BHEIIHMX Bo3aelcTBui, (17) nmaét coxpassromuecs
TEH30pbI SHEPruK ¥ 2X MoMeHTOB B P*'!, Bce akcuanbHble MOMEHTH 00bekTa N
BBI3BAaHbl CBKJIMIOBBIMH aKCHAJIbHBIMU poTtanusMu. [IpwuéMm, Bce OHHM C UX
MOMEHTAaMU M DJHEprueil CyTh HE3aBHCHMbIE OT TJIaBHBIX T'HIIEPOOTUICCKHX
poramuiit I', y U OpOUTAIBLHBIX OPTOCPEPUUYSCKUX POTANUN C WX BKIATaMH B
sHepruto B (11) u monHBIH MOMEHT konu4uecTBa naBMkeHus p B (10), 4ro
BaMIUPYETCS TIOJSPHBIM Pa3JIoKeHHEeM I'eHepallbHOro TeH3opa potauuii B (3) u
IPOTIOPIIMOHATBHBIX eMy TeH30poB dHeprui (18) u MomeHnToB B (19). Bce MOMeHTSI
aKCUANBHBIX POTallUii TPAHCIMPYIOTCS ECTECTBEHHO B 3X3 EBKJIMIOBY 4YacTh
MCXOAHO HecMelaHHoro 4x4-TeH3opa MOMeHTOB. OOpaTuM BHUMaHUE Ha TO, YTO
Yeno8otl snemeHn TeH30pOB IBUKEHUS ¢ ¥, coshy u E nezasucumor om paznosicenus

(cMm. BT 6)!

I'maBa 4. [lubdepeHunansHble TaHTEHUUATbHBIE, HOpPMalbHbIE U
CyMMapHbI€ pOTallUi U BHYTPEHHUE YCKOPEHHUS.

J1ist GonbLIei SCHOCTH MbI IPEeACTaBIIsIEM a0COIIOTHOE IPOCTPAHCTBO-BpPEMS
MHuUHKOBCKOrO ¢ TeH3opoM {1} B mpsMoif W rHmepOOIHYeCcKd OPTOrOHAIBHOM
CyMMe 2X OTHOCHUTENBHBIX CIaraéMbIX ¢ yriaMu | x Mexay HUMH:

(P = (YW R W = CONST, (n=3, g=1); Act® >0, (in B : k=1). (20)
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B P**! nepsrle runepbonuyeckne quddepeHnnans IBMKEHUS U BHYTPEHHHE
YCKOpeHHs (MponopLUOHANIbHbIE KPUBU3HE MHUPOBOM JIMHUM) MOIYMHSIOTCS
nponopruonanbHeiM Teopemam [ludaropa [10, c. 257]. Eciu Ha o0bekT N
NEHCTBYIOT OIHOBPEMEHHO HECKOJIBKO BHYTPEHHUX YCKOPEHHWH, TO BCE OHU
cymmupytored B TO reoMeTprdecku Kak €BKJIHMIOBBI BeKTopa. Tak, ¢ CHHYCHBIM
3aKoHOM CyMMUpOBaHUs 2X JBWxeHui u3 (4) npu yi2—0 u y3—0, umeem s

,Z[I/I(l)(bepeHHI/IaHOB B KOHHHHeapHOﬁ cose=t1 n HOpMaHBHOﬁ cose=0 q)opMax:
ginh? Yig = ginh? Yo+ sinh” Y31 +cos? £)- sinh® Ty ginh? o3+ 2 cose -cosh vy, - sinh yq 4 - cosh 3 - sinh yog.

— sinh vy3 = sinh g - cosh s £ cosh gy - sinhves = dyis = dvis E dyes — m3 = 912 £ go3 {cose = £1).
— sinh® Y13 = sinh? 19 + {cosh -y, - sin}:r}rgg,)2 = d’}ff3 = d’}r%z + d”y%g — gfg = g%z + ggg {coss =0).

s 3-x mesaBucuMmbix yexkopenuil npn iz — 0, yp3 —+ 0 1 34 — 0, Mb1 mmeem 1o xe [10, c. 218)].

I'unep6ononn II MunkoBckoro (BepxHuit) pamumyca R=ic, ¢ reomerpueit
Jlo6aueBckoro [6], [14], npeacTaBisieT BeKTOp-paauycom 4-ckopocth [lyankape
oObekTa N Ha ero MUPOBOH JIMHUU KaK €,=Ci, B HallpaBJeHUHN KacaTeiabHOM i,. B
pe3ysbTate OpTOroHalibHOTO AuddepeHurpoBaHuss 4-CKOPOCTH MO MHHUMOMY
BpeMeHH dit BOJIb MUPOBOW JIMHUHU, MOJydaeM Mapy MPOCTPAHCTBY MOJOOHBIX
BHYTPEHHUX ycKopeHuit: g,=c(dy/dt)e, Kak rinaBHoe 4-ycKOpeHue 1o HapaBIeHUIO
4-iceBmoHOpMaNIn Py U gy=c[sinhy(dai/dt)]e, kKak cHHYCHOe HOpMaJlbHOE 3-
yCKOpeHHUe o HalpaBjieHuto 3-0unopmainu b, — kacatenbHble 00a kK runepOoIonuy
II. O cymmupyrorcss B 4-yckopeHue, KacareiabHoe K rumnepbonouny II, c
OtHocutenvHolt 1 AbcomoTtHoit Teopemamu [ludaropa B TeH30pHO-BEKTOpPHO-
ckanspHoit popme B P! u B urorossiii nuddepenuuan dy, Ha runepdosnounme I

KaK Ha cogepuieHnol cunepnosepxnocmu [10, c. 273]:

coshy, dy, - eg = coshy, (cose dyg - eq +sine dy, - e,) = coshy; dy, - eq +sinhy; dog - ey,

cosh? o dfyg = cos’¢ (cosh2 Yp d’rg} +sin’e (cosh2 Yo dfy;) = cosh? dv? + sinh? da?; = (21 -1}
sinh~y, dv, = sinh~, dy,  — dyy/dy > 1.
— 1

coshyy,-gs = 85 = s+ gz=coshyi - ga ea + VW) -, =g, 65 + 4, "€,
4% o 5T & ook = " i 2111
cosh® v, - g3 = 957 = (357 + (@5)° = cosh® i - g2 + (vuZ, )P = g% + 2 = () + (vwg, i ¢ )
sinhy, gg =sinhy go — g8/8. > 1.
dy, Pg = i - Pa +sinhy, dos - by, (pl-IF-pa =41, bl -I* b, = +1) } {

=2 1Ly
d’;(g =dy? + sinh?~; daf = cos® o ch’pz +sin?p dfypz = (d’yp)P + (dfyp) > 0.
E

Bs = aPa +9Ubl/l

22
95 = 95+ 9 22

e umeem: dy, = dAr/R, (¢ > €), 8 = ggPs — renepanbHOE BHYTPEHHEE 4-YCKOPENIE.
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KacarenbHas iy 1 nceBIOHOpPMAalb Py CBA3aHbI CUMMETPHUEN OTHOCUTEIHHO
n3oTponHOoro koHyca. [losToMy OHM BIUSIIOT Ha PENATUBUCTCKOE JBUKEHHE
BMecTe. YacTHeIM nudpdepennupoBanrnemM p, no dt (y=const) mMbl qobOaBisieM
g,=c[coshy(da,/dt)]e, kak KocwHycHOe HOpMalbHOEe 3-yCKOpeHHe BHOIb 3-
ounopmanu b, — kacatenpHoe k rTumepbonouny l. I'enepampHas AOcomroTHas
Esxmnosa Teopema Iudaropa cnenyet teneps B P! ¢ mpomoprmonansHeMu
rMNOTEHY3aMU U KaTeTaMu, HanpuMep, Huxke ¢ yckopenusimu [10, c. 281]:

g5 = 05 'Pr = gaPa +auby +guby = 03 = 02 + 00 + g0 = (en")? + (viwl, P + (Fwi, )P (23)

HopMmanbHble poTauuu He U3MEHSIOT THIePOOIMYECKUd YToJl IBUKEHUS Y B
ero ncesnomiockoctd P 1=y, py B (16), 105TOMY OHM He BIUSIOT HAa COOCTBEHHOE
BpeMsi T U HE YBEJIWYUBAIOT (PU3NUYECKYIO CKOPOCTh V, a JHIIb HU3MEHSIOT eé
€BKJIMJIOBO HampasieHue. B yactHoctu, 310 niumoctpupyet [lpuniun ['epriorua B
kuHeMmatuke U quHamuke TO. Mbl MokeM Takke oTtoOpaxaTh 3 poranuu B (23)
cpa3y Bce Ha COMYTCTBYIOIIEM 3X JIMCTOBOM KBaJlporumepoosonie, reHepupyeMom
poTtanuell KBaaporumnepoosibl BOKpYr cTpelibl BpemeHu {ct}. Bce 3 yckopenus B
(23) npunoxkeHsl B MHPOBOM Touke oObekTa N B KacaTellbHOM K
kBajporunepbononay EX™<P3*! ¢ ero opramu py, by, by, maromme eBKIMIOBBI
HampaBJIeHUs TakXKe NJis BceX 3X aHryssipHbIx nuddepenunanon. Potauuu do; u
da, Beipaxatorcs B Ep,, @ UX CHHYCHBIE U KOCUHYCHBIE TUTIepOOIMYecKue MPOeKInn
BelpakatoTcst B E; Bnons by u b, xak Obl 31ech ¢ aelicTBUeM cunepbonuiecko
meopemvl MeHbe B CHHYCHOM M KOCHUHYCHOM BapHaHTaX Ha HalleM
KBajgporumnepoonoune. B utore Mbpl MMeeM mpeacTaBieHHE BceX aOCOIIOTHBIX
XapaKTEPUCTHK B MICEBIOOPTOrOHATILHOM 4X OpTOBOM perepe B P2*!, xoTopslii ecTh
NOOBUIICHBLLL MempaxeOpoH BIOJb aOCOMIOTHOW MUPOBOW JTUHWKM MUHKOBCKOTO

00BbeKTa UK YacTULBI V:

_ | coshey; -eq | e | e .| sinhy-eq | ea N
pa—{ sinh-y; ]’b“_{O]’b*’_{O]’IG_{ cosh-y; » \ Be= o |t T 1

Ko = ?]';/CI ko =Ko po; Ky =sinhy; - w;(l)/cw k, =K, py; Qu=rcoshy 'w;(g)/cl 9= &u Pu
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B ougpepenyuanvroii menzoproii mpucoHomempuu TepMUH "NBUKeHUS"
€CTh JEKPEMEHTHI TJIaBHBIX YIJIOB. J[BWOKeHMIT HET TorJa W TOJIBKO TOTja, Kornaa
[JIaBHBIN YTOJ JaHHOW TeOMeTpHH HYJIeBOW. B chily mceBIoOpTOroHAIEHOCTH OpPT
iu ¥ pu ¥ €BKIMIOBOM OPTOroHaNbHOCTH OpT by m b,, a Takxke Toro, 4yro Bce 4
0a3uCHBIX BEKTOpa OPTOHOPMHUPOBAHBI B TeTpaxelpoHe, MPOCTPAHCTBO-BPEeMS
MUHKOBCKOTO BO3MOXHO JOTOJHUTEIBHO TMPEJACTABUTh TPSIMOW CYMMOH U3
NICEBJOMIIOCKOCTH iy, Po> Trumnepodonuueckoit potauuu dy M OMHOpPMAIbHOM
eBKJIMJ0BO miockocTu <by, by co cBobOnHON Hepersmusucmcekoii akcuaabHOM
poranueii dos Bokpyr 4-if ocu-6unopmanu by B E°® B 1-M pasnoxennu (20), kak

"moasec Kapaano" nis 6unopmansHoii mockoctd B P21 ¢ tensopom {177} :
() = (P R (£%)5) = (e, Pa) i B (by, b)) = CONST. (24)

B TO neiicTBYIOT KBagpaTuyiHble MpeACTaBIeHUs ABXKEHU ¢ Tapoi <Pq, by
KaK B (22) u ¢ mapo#t <, by —nonpoduo B [10, c. 271-274] u [10, c. 276-278].

B eunepbonuueckux osuscenuax dy; (kocMudecKrue MOJIETHI ¢ TTOCTOSHHBIM
YCKOpPEHHEM g, OPT e,~const onpesenseT eBKIMA0Bo Hanpasinenue dy; B E°D. B
ncesdogunmosuvix osudicenusx do; (nmanerapusle B E°(V) yrom y=const 3amaér
HaKIoH do; K cTpelie BpeMeHH {ct} kak kocuHycHbId 1 k £ kak cuHycHBII.

1 mepeoe mpocreiimee "runepoonuueckoe ABUKEHNE" B

Tak MbI umMeeM B P
unmezpanvrotl popme ¢ 4-ckopoctbto Ilyankape BHojib KacaTeabHOH i, U B
ougppepenyuanvron popme ¢ kpuBuzHoi C, mnceBmopammyca R,=c?/g=const u
IPOCTPAHCTBY MOMOOHBIM yCKOPEHHEeM g,=c*/R,=const 10 MCEBIOHOPMANH P,
oToOpakaemble B Oazuce E; Ha rumepbononmax I u Il ¢ mceBgoeBKIMIOBBIMU
pamuycamu R,=const [9], [10] ¢ Tenzopom {I""} [10, c. 197-198]:

=R, (coshy -1}
ot = R, -sinh~.

} = —(ct)+e+R, )" = RZ(- sinh® y+4cosh® ) = +RZ [es = const, g, = c:(dvy/dr) = const]
diy - po = cosiy diy iy +sinéy divy-b,, (did = K, div) — under Euclidean tensor I,

B g _ 5. 2 2 2 2 _ 42 Bsims ot
€} = V/R; = (dy/der)* = cosh®y (dy/der)® — sinh”y (dy/der)® = V5 - A7 > G; under [ (I)

gi = {cdyfdr)? = cdyfdr) = (-t P = ()P — (v"m )P = g2 — g2 > 0.

(Hodsuochwiti duzedpor nna dry; Brmosaer opr i; n Gunopyans by, a MOHOTEIPOH — TOIBKO Py.)
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B xommekcHOM mpocTpaHcTBe-BpeMmenu [lyankape ¢ mceBmocheprudeckum
yIJIOM JBMOKeHUs 1y [2], MBI MOXeM BBeCTH KaK ajlbTepHATUBHBIM eMy, HO
geujecmeerHulli OpTOoCchHepUIecKrii yroa oy AJs riiaBHOro ABMkeHus. [lepeiins B
OBEIIECTBIEHHOE MTPOCTPAHCTBO-BpeMsi MHHKOBCKOIO ¢ €ro TeH30poM {17}, MbI
oOparraeM X MHUMYIO U BEIIECTBEHHYIO MPUPOAY B y 1 10! MiIMeHHO Tak y Hac B

'

TO Ilyankape BO3HHMKaeT cmpoeco BTopoe mpocteiimee 3D '"mceBIOBUHTOBOE
opTocdepuueckoe NBUKeHUE" B MHTErpaibHOH (opme U OmsiTh ¢ 4-CKOPOCTHIO
[lyankape ¢ BIOJIb MMIIOTEHTHOW 37ecCh TJIaBHOM KacaTeinbHOU i, (T.e. 6e3 e€
KpuBH3HBI Ky) 1 B nuddepennmansaoii dopme ¢ kpuBuzHoit Cr u paauyca Re — ¢
HEOOBIUYHBIM  8pemenu nooodHviM (!) TEHTPOCTPEMUTEIbHBIM YCKOpPEHUEM
g,=c’/Rc=const BIOIb HOpManvHOU KacamenvHoil i, oTobpaxaemble B E; k
MTHOBEHHOMY IIEHTPY MCEBIOBMHTOBOro ABMKeHHs Oy Ha LIEHTpajJbHOW ocu —
cTpenie BpemeHnu {ct}. BuHt c marom s kacatenen k [lunmmuaapy ¢ oceto {ct} u c
paguycom R=r (miaHetapHoro ¢u3MUYecKOoro [BUIXKEHUS), KacaTelIbHOMY K
runep6onouny I mo sxBaTopy ¢ eBKIMAOBBIM paguycoM R=r B mnockoctu EXD —

cM. oueHb noapoOHOo B [10, c. 282-288]. Llunuuap ectb 3-ii COMyTCTBYIOMIUMA

TPUTOHOMETpPHYECKHI 00bEKT panuyc-napamerpa R u 3necs B P21 (1)

r =R = R -sinh-y,

& = Ry -coshy = r,

2 2_ p2 i 2 S 2 _ 2 o . sinh-y; - e,
} = —s&"+r° =R (—cosh®~y +sinh®~y) = — R [y = const], 1],7{ —__— ]

deey -1, = cosiy dog - 1y +sindy dag - by, (dh = Re daq) — under Euclidean tensor 1.
C3 = —1/R% = (din fder)? = eosh®~ (dice fder)? — sinh® v (dicy /der)? = =Y2 + K2 < 0; >under I (II)

72 = (e dia/dry? = (¢ wy, ) = (wl,)* — (s, = g+ 93 < 0.

(Hodeuncrmia mpuxedpon ans doy Bxmouaer opr iy, bunopyamn by, u be, a duzedpon — i, u b,.)

NmnotenTHsie iy uiu b, (T.e. 6€3 KpUBHU3HBI) UCIONB3YIOTCS TOJBKO IS
eBKJINJI0BA HANpaBjieHus ABWkeHMs (M y BuHTa Dpene B E°). TlceBnoBHHTOBOE
nBuxkeHue ¢ npeneccuedt Tomaca Bokpyr 3-it GuHOpManu b, onuceiBaeTcs MOJHO
mamb B P!, Tpuxenponst st BunToB B P21 1 B 0*1[10, c. 288-289] oTnmuarorcst
ot Tpuxeapona ®pene B £° () CyTb B TOM, 9TO MBI HCHOJIb3yeM TPUTOHOMETPHIO C
€CTEeCTBEHHOM penepHOil OChIO I BCeX YINIOB. Paxmuuecku meopusi Ppene—

Ceppe ¢ E3 u nawu meopuu kpusvix 6 P! u O*'! — pasnuunvie!
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B snmuntuyeckoM BUHTOBOM JBMIKEHUW COONIOAACTCS MPOTOPITUS MEXKTY
g epeHnnagaMu NpocTpancTBy 1 Bpemenn nonoousvu dy; B (1) u dia; B (I1). B
CyMMe THIEepOOJIMYECKOr0 ¥  TICEBJOBHHTOBOTO JBW)KCHUN  CyMMapHbBIN
nuddepennnan I0KeH UMETh BpeMeHH nomobHyro mpupoxy (dyi)*+H(diay)?<O.
Torna mnaHeTapHOe >JUTMIITUYECKOE ABHM)KEHHWE HeoOxomumo 3ambikaetcs! [lpu
HYJIEBOI cymMMe IBM)KeHHE OyJeT mapadoIudecKiuM Kak B reoMeTpun | anuies u B
e€ abPuHHO-eBKIIMIIOBOM TEH30pHOW TpuroHoMeTrpuu, cM. B [10, c. 168—171],
KOTOpasi €CTh IPOMEKYTOUHAs MEKIY CPepruuecKor U rumnepoonyecKom!

Bpemeny nonoOHas 4acTh KpMBU3HBI ¥ MupoBoil mHuu B P*'! umenyercs
HamM Kak "oprompoueccus” (B E> 171 3aMKHYTOM KPUBOM WIIM BUHTA KpyueHue).
Opromnpoueccusi 1aét mepMaHEHTHOE MOCTyNaTelbHOe IBUXKeHHue oObekTa N ¢
MUPOBOH JINHKUEW BJIOJIb CTpeJibl BpeMeHH {ct} ¢ cynepckopocThio ¢*. [Ipu v<c ona
pactaruBaeT MUpOBYIO JuHUIO BAoJb {ct}: B (I) Y=coshy; dy/dct u B (II) Y=coshy;
dia/dct. Hmernno uz-3a opmonpoyeccuu B TO BO3HUKaET KOCUHYCHOE PacTSKEHUE
IKadbl COOCTBEHHOTo BpeMeHH (T.K. coshyi>1) u renepupyeTcsi KWHeMaTUYeCKUn
Ilapaooxc bruzneyos — cM. moipoOHee 00 ATOM jasee B Il 6.

Beprnémces k 0b6cyacoenuro exnaoa opmocghepuueckoii pomayuu 8 08UNCEHUE.

OpTtochepuyeckas poranus WHBapHAaHTHOW HOpMalibHOM yacTH B (21) kak
c[sinhy(da;/dt)]by U TOJIBKO BMecTe ¢ HEKOJUIMHEAPHOW MapayliebHON 21asHo1l
yacTeio, Bb3BIBAIOT B E°W<P¥! y B TO opmocghepuueckuii cosuz Boxpyr 3-i
HopManibHOM ocu b,. VHTerpanbHblii caBur © ObUl BBIpRXXEH B JIUCKPETHBIX
dopmynax (3)—(6), (8) u (19). Beruncnum ero TouHo ¥ NMPUOTHMKEHHO, HO TeNephb
Kak nuddepeHnuansabiii oprochepudecknii cnpur —d0. B dopmynax (4) u (5) mis
2X CTYNMEHYaTOro CYMMHUPOBAHUS THUIEPOONMYECKUX ABWKEHHH — MpsSMOro u
oOpaTHOTO TIpuUMeM: Yi»=Y u Y23=dy. Torma u3 HUX MBI HAXOUM €BKIUJOBBI OPTHI
CYMMAapHOI'0 HEKOJJIMHEAPHOIO IBUKEHUS €c=1{COSCL} — AJIs IPSIMOr0 U 00OpaTHOr o
Mopsiika CyMMHUPOBAHMSI, HO C UCKOMBIM CIIBUTOM. Torza BEeKTOpHOE TIPOU3BEACHHE
3TUX ABYX OpT B (8) Tpanchopmupyetcs B BekTop-nupdepennuan {—dbe,}, T.e. ¢

noeckoMm —d6, cMm. moapoouee B [10, c. 226]:
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— tanh sinh
d6’hd@e“eéxegtanhh('yﬂ)l(%d’ym(&dym%@dy
sin coshy —
= coshy 11 % ®(dv-ep) = gl = ea @ (dy - ep) =
ginh 5 — _coshy—1 . _+ coshy—1 +
_Wﬁ““d”efﬁw—'smw%_(1)smk<] e o
dé S dy —  ging-uv g™
Jr = W§-eN = —sine - tanh(y/2) - L ey = Z - (L1 sech 7) eN. =
L
—df/dt ~ (1/2)sine - gg-v/c=(1/2) 9 vjc=(1/2) wy - (v/c)? = (1/2)tanh2’y~wa.

M1 BeIBEH 1T KaK OBI TUTIEPOOTNYECKOTO IBIKEHUS C HEKOJUTMHEAPHBIM
i depeHInaIbHbIM TUIEPOOIMYECKUM MpHUpalleHueM, TO €CTb JIsl CyMMbI
JBW)KEHUH Y ¢ OpTOM €, U dy C OpTOM ep MM C HOPMaJbHBIM C OPTOM e,
TPUTOHOMETPUUYECKYI0O U TMOJY4YEHHYI0 OpsiMO M3 He& dusmyeckyro Gopmyry
ouggepenyuanvroeo oprochepudeckoro cmeieHuss B (3) B 6asuce E;, unorga
Ha3bIBaeMOM “‘1abopaTopHbIM”. Y Hac 3TO UCXOJAHbINA YHUBepcabHbIH O0a3uc E; —
6asuc oTHOocuTedbHoro mokost B TO. Hampumep, BUIHO, UTO MpU MajbIX Y
(CKOpOCTSIX V) 3Ta IpeleccHs anpoKCUMHUPYETCs, KaK MJI0Mab TPEyrojJbHUKa CO
CTOpOHaMH V/c U g/c ¢ yrioMm & Mexay HumHu. Ho sTta gopmyna 3HaYMTENBHO
YIIPOILIACTCS IS OpOUMATbHBIX OBUNCEHUU C Vel080U CKOPOCbIO We. JIJISl 3TOTO
NpUMEHNM He OuYeBHJIHble, HO OYeHb IMOJie3Hble HopmalvHble omHouieHus. OHU
cnenytot u3 (21-1 u II) nns eBkaunoBoii yactu npu yp#0 1 npu v,=0 B 1ByX popmax

ux Beipaxkenus B EXW<P¥1[10, c. 240]:

o 8
¥p # 0 — coshy, -sine dy, = dy, = sinhy; do = coshyg, - sine - g5 = g5 = v - wi

T )

1 1
¥p =0 — sine dy, = dvy, =sinhy; dog = sine - gg = QJZB =ul-wl. [dy & 5}3 are invariants in (21, 22)/]
[Tponomxum mpeodpa3zoBaHue Halllel ol1ei TouHO# BekTop-hopmMylsl (25)
g opTtocepuueckoro casura {—dfe,} mpu HEKOJUIMHEAPHOM U OPOUTAIBHOM

ABMIKCHUAX, HO YUTA IIPU 3TOM HOPMAJIbHBIC OTHOIIICHU S BBIIIC:

i
_dgz_dg.g:%;_l.smm.ej:%% Ly 5

= (coshy — 1) da- e, = kg da - &, = [do* — dal -, ~ 1/2 9 da - e, ( (26)

_%g:'wg-e—;:(coshq—l)-wa-eM:kEwa.e = (w? — w,) -
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bnarogaps UMEHHO HOPMaJIbHbIM OTHOILICHUSIM, dbopmya
pacmpocTpansieTcs uepes (25) Ha TICeBIOBUHTOBOE JIBI)KCHHE, U KaK PU3NUECKU Ha
opOuTanbHbIE IBUXKEHUSI, a TAK)Ke Ha HeMPepbIBHbIE HEKOJIJTMHEAPHbIE IBUKEHUS C
o#const!

Bbonee Toro, B nceBnoeBkiINI0BOM npocTpancTBe-BpeMeHn TO u PKM stor
xKe opTrochepudecKuii CIIBUT CyTh HeraTuBHBIA Kak —dO n —d6 B (25) u (26), HO B
KBa3HEBKJIUI0BOM OMHApHOM NpocTpaHcTse ¢ q=1, n=3 umu 2 B E"V<O™! on cyTh
no3uThBHbIM +dO u +dO u taxke oTHocuTeabHO doy B HOPMAJbHOW MIIOCKOCTH
E"D<O™1 (10, c. 241] B KBa3MEBKINI0BOM IPOCTPAHCTBE.

B pesynbTaTte aTa opTocdepuueckas poTauus ¢ IpeLeccueil BOKpyr ocu ey
BbIpa)kaeTcsi HauboJiee MPoCTo, KPaTKo U MOHSATHO TPUTOHOMETPUUECKH KaK:

df = do; — coshy, doy = —2/2day <0 & df =da; — cosy, dog = +p?/2dey >0 (27,28)

OTo ecTh yHHBepcaibHble updepeHnnanbHble TPUTOHOMETPUUYECKUE
dbopMynbl I BCeX aHTYJSIPHBIX OpTocepuyecKkux AeBUAlMi, HampuMmep, Kak
nedekt JlamGepra B rumepOonnueckoii reomerpun JlobaueBCKOro Ha BepXHei
yacTtu runepoonounna II MunkoBckoro, Tak u skcuecc ['appuora B cepuueckoit
reoMeTpuu Dilniepa Ha HallleM OpUEHTUPOBAaHHOM runepcdepoue paauyca R. Ona
reHepupyer oprochepuyeckue akcuanbHble poramun {—d0/dt} B E*D<pP3l ¢
MHIyLIMpyeMoii Y70 mpeneccueil Bo BpeMenu B oobemimomeM P2, TIpouecc ectsb
oTpunaTenbHas npotus do pomayus ¢ npeyeccueti Tomaca [15]. IHTepecHo, 4TO
3Ta Mpeleccus, Kak SHePreTUUeCKUii OTCKOK, CIIY>)KUT TaK)Ke BBIMOJTHEHUIO 3aKoHa
coxpaHeHnus sHepruum [10, c. 260, 264]. 3to B OTO HekoTOpble PeISITUBUCTHI
OpaBUpYIOT SKOOBI HApyLIEHUSMU 3TOTO 3aKOHAa B KOCMHUYECKOM MacliTabe.
Onnako B TO, 6asupyromeiics Ha unesx [lyankape, 3akoH coOiomaercs, gaxe
TONBKO B cumily mnpumeHenuss Teopembr Hérep B P*!. Ilpemeccus Tomaca
MpOsIBJIsieTCsl TOr/a, Korja ecTh riaBHoe nBrbkeHue I u y. Ecnu ero Het, TOo u
npeueccun HeT. [loaToMy oHa Heunepyuonnas — cm. nog (6)!

B PKM B opburaibHoM ((popMasbHO CHOUHOBOM) pEISITUBUCTCKOM

IBM)KEHUU MUKPOOOBEKTa, HampuMep, 3JIEKTPOHA, BO3HMKAeT TJaBHBIA MOMEHT
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CIIMHOBO# pOTaly ¥ HEOOJIBIIONW HHIYIIMPOBAHHBI MOMEHT aKCHAIbHOW POTAIMH
C mpeneccueil obmel 3-if HOpMaTBHOW OCH €, BMECTe C IIOCKOCTHIO CIIMHOBOTO
Bpamenus oowvekra EXD<P**! O6a »Tw MoMeHTa MMEIOT OfHY (HM3UUYECKYIO
pa3MEepHOCTh, HO OHHM PA3MYaAOTCS KaK CIUH W KaK HeWHEPUHOHHBIH MOMEHT
aKcualbHOW portanuu ¢ npeneccueil ocu. [loatomy B PKM onm pacmemsirores ¢
BBISIBJICHHEM MOMeHTa OT mpeueccuu Tomaca. OHa BbIpakeHa y HAC TEMHU XKe
SICHBIMH TPUTOHOMETPUYECKUMH (opMyJsiaMH B JloruyHoiu menu (25), (26), (27) B

6asuce E; ¢ npubamxaemoit "monoBuHkoi Tomaca" npu v<<c u e=+n/2.

Otmetum, yto Tomac OblT MOKa €AMHCTBEHHBIM YEJIOBEKOM, KTO MOJIYYHII
HobGenesckyto [Ipemuto 3a pesynbraT uMeHHO B Teopun OTHOCUTENBLHOCTH C €&
dKCIIepUMEHTATBHBIM noaTBepkaeHrneM B PKM (1926), npuuém B W3HaYaIbHOM
Bapuante ot [lynkape [2] (1905) ¢ epynnoii npeoGpaszoBanuii JlopeHua.

B 6asuce En, 3Ta poranus Gusznyecku 3aBUCUT OT YCKOPEHUS U yriia MeXIy

CKOPOCTBIO M YCKOpeHHeM, Kak Obl “CKpbITOro” B mpocteifmieit dhopmyne (27):

dé »*1? sine g]?
w;:E:w;—w;-1/1—|—sinh2f\/:w’;—w;‘-1fl+[?} =w;—\/[w;]2+[ Ctg} <0 {29

Hanee u3 (27), npumensis apxauyrvle peaamusucmckue gaxkmopsr CTO B u

Y BMECTO TPUTOHOMETpHUECKUX (hYHKIUI, MBI TpuXoauM B E; K 1aBHO M3BeCTHOMN
B TO ¢uszuuecxoii popmyne ®onmnna u Janusns [16], kotopsie emé B 1913 B
['éTTUHTEHE TpeIcKa3alil TeOPEeTUIECKH MOOOYHYIO CHEPHUSCKYIO TPEIECCHIO KaK
kuHemarnueckuit  3dpdext TO (BO3MOXKHO, € HCIOIB30BAHUEM MOHSTHUS

"pacTskeHne BpeMeHn'", BBeIEHHOro MUuHKOBCKUM Toxe B [ '€rtrareHe B 1908):
wp = df/dt = —wa[l/yf1— 8% — 1] = —wa- (v — 1.
ITocne Ilyankape cienyroliuM IMOHEPOM B IPUMEHEHUU TPUTOHOMETPHUH B
TO cran 3ommepdensa. B cratee [17] oH BbIBen B CKaJIpHOM BHUJAE NEPBYIO
dopmyny u3 (25) cymMMHpOBaHWEM OTPE3KOB Ha rumoTeTmdeckoir 2D cdepe
Jlambepra panuyca iR, rme npu y u v — 0 cienoBaia "momoBunka Tomaca". Takum

o0pa3oM, MbI 3aKOHYMJIM pPacCMOTpeHHe OpTochepruecKuxX poTamuid —

UHTErpalbHbIX U nuddepennnanbabiX B TO 1 B HEEBKIUIOBBIX F€OMETPHUSIX.
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I'naga 5. PenstuBucTcKuil moi€T K OMIKaiineil 3Be3/ie U ero peaibHOCTb.

[IpyuMeHuM Hall TPUTOHOMETPUYECKUH MOAXOA [JIsi CTPOroro BbIBOJA
TOYHOW penamusucmckoli KocMuueckoil ¢popmyinsl LlonkoBckoro st pakeTsl
3enrepa [18], nBmwxkyimelicst peakTuBHOM criioit (hoToHOB [9, c. 234] (2004), [10, c.
203]:

) dmg('i") - dmg('r)

o — = g{r)dr = cdy(r) =

F=mp(r) g(7) =u

= mg{T) = moexp[—{c/u) - ()] = moexp{—{(¢/u) - arsinh [v"(7) /¢]}, (30)

rZie Mo ¥ M ecTh HayalbHas U TeKyllas Macca pakeTsl B 6a3uce En, 1 u ectb
CKOpPOCTb HCTeUeHHUs ToruBa, Y(t)=arsin[v*(t)/c]. Mbl umeem neio 3aech C
runepbonuyeckum nBwxkeHueM Beimie B (II). Jns runmoretmdeckodt ¢(OTOHHOM
pakeThl (KaKk TeOpeTUUECKU UJIeaJbHbl BApUAHT) Mbl UMEEM MpPH U=C:

mo(7) = mgexp|—y(7)] = mgexp{—arsinh [v*{7)/c|} = mgexp{—artanh [v(¢)/¢c|}.

CpaBHUM BenuMYMHBI COOCTBEHHOW MacChl pakeTbl B  TepMHUHAX
KOOPJIMHATHOW W COOCTBEHHOH cKopocTeld (OTOHHOW pakeTbl Mo ¢opmylie

[11OJIKOBCKOTO B €€ HallleM peramusucmcekom eapuanme:

o exp(—v* fc) < mg exp[—arsinh (v*/e})] = mgexp[—artanh (v/c)] < mgexp(—v/c). (sinhvy >+ > tanh-~y)

[ycts runoTteTueckas (pOTOHHAs pakeTra JETUT K 3Be3ze Proxima Centauri
¥ eé muanetaM (GnuoKaiiineil K HaMm 3BE3HOM CHCTEME) U BO3BpaLaeTcs 00paTHO K
3emie.

I/Iﬂeaﬂbﬂble nmapamMeTpsl o 3aTpaTaM BPEMEHH AJH 3TOr0 noJiéra:

— CKOPOCTBb HCTCUYCHUA TOIIJIMBA U=C IJIA q)OTOHHOﬁ PaKEThI (3T0 Kak ObI ITOKa
TEOPETUYECKUI MAKCUMYM BO3MOKHOCTH),

— mocTosiHHOEe yckopeHume g=10 m/cex’, xak Ha 3emie, — 10 BpPEeMEHH
HOMOOHBIM 2unepbone OT t UM ¢ COOCTBEHHBIM BpEMEHEM IO KameHapu OT T
(“nenHast nuHUS),

— IACTaHUHUs B OOHY cTopoHy L=2x~40.3. 10°m~4.25 cBETOBBIX JIET.

PaccMoTpuMm  TpHroHOMeTpuUYecKHe pacyéThl IS Tyda U 0OpaTHO

PEBEPCUBHOTO PEIATUBUCTCKOIO IBUKCHUS 110 FI/IHGP6OJ'IG M KaTCHapHu.
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Jlmst Takoro monfra paKeTsl, PA3yMEeTCs, MOKA THIIOTETHICCKOT0 Mbl HMeeM (DOPMYJIBL:
y=L/2=R-{coshmae — 1), coshy=1+gz/c® =1+2z/R — {coshy—1) ~ z, (R=c*/g);

T = 4c/ 9 Ymaz, ¢ = d{e/g) sinh o, t[l}/T = sinh Yoz Vmaz;
tnaz = € - tanh vYmaz, 'U:na:r = ¢ - sinh ymay;
mo(7)/mo = expl4(—¢/t)¥maz], at u=c: mp{r)/mp =exp[—dy{7)], {y =cr/R).

Pacuérer nator cae/yiomue TucIoBhIC PE3YIRTAT bl
¥~ 20.15-10"° m, (L=2y=403-10"%m), R~ 9-10"®m, tr =305 days;
cosh Yoo & 3.239, sinh-y,.. = 3.081 = 1, tanh-y,,. = 0.951 << 1, .. = 1.844

o AeiicTBreM runepbontIecKoro TPHrOHOMET PHUIECKOTO HepaBeHeTBa cosh ¥ > sinhy > « > tanh ;

Ymar & 0.951e¢ and o

o 72 3.061c ¢ coorsercreylomueil pasuuneil 8 obenx 3arparax BpeMeHm,

tM) 2 3.70 - 10° cex & 11.7 ner, 7=~ 2.21 - 10°® cex & 7,01 ster < 2L & 8, 50 cBerosbix ser!

[lepBbie OLEHKH PEISITUBUCTCKMUX KOCMUYECKUX MOJIETOB Nenan JlanxeseH [19].

OTa TeH30pHO TPUTOHOMETpUYecKas OlleHKa KOCMUYECKOro noséra naét, B
YaCTHOCTH, OYEHb sSICHOe W MojHoe onucanue "llapamokca Onm3HenoB" B ero
UeallbHOM peKuMe ¢ 3eMHBbIM YCKOpeHHeM B Hauajle U ¢ 3aMeiJieHneM 3ateM. B
UTOre, Mbl UMeeM, UTo 1-i OJM3HEel-acTPOHABT 3aTpaurBaeT COOCTBEHHOE BpeMs
1=~7neT, a 2-i Onu3Hen npeObIBaeT Ha 3emile 10 BCTpeuu ¢ Oparom t=11.7neT npu
t/t =1.67. 3emHOe BpeMms t. IBIJKEHHUS cBeTa Tylda M obpatHo (myisi Opata) co
ckopocThio “c”, T.e. 2L.=8.50 light years, 6orvuie, 4em coOCTBEeHHOE BpeMs,
3aTpayeHHoe 1-m Onm3HenoM-acTpoHaBToM! CBepXcBeTOBasl CpelHSSI CKOPOCTb
KOCMHUYECKOT0 MoJIETa aCTpOHABTA O0BSICHSAETCS TEM, YTO €0 COOCTBEHHOE BpeMs
MIOCTOSIHHO COKpallanoch U3-3a JeCTBUS BHYTpeHHero yckopeHus: g. CBeT jeten
Tyla 1 00paTHO cO CKOpOCThiO "c". B yCKOpEeHHOM NBHKEHUU MOKHO MPEBBICUTH
ckopocth cBeTa (!). [loctynat Diinmnreiitna B TO oTHOCUTCS TOMBKO K TAHT€HCHOU
ckopocTtd v. Hamn repondeckuit acTpoHaBT TPU OCTOSSHHOM YCKOPEHUH PAKEThl g
JeTeNn TyAa U OOpaTHO ¢ MTHOBEHHOH CHHYCHOW CKOPOCThIO V*. YMeHblleHue
cOOCTBEHHOW MacChl pakeThl, COIJIAaCHO 3aTpaTe TOIJIMBA TI0 Hamel
PENIATUBUCTCKOM (POpMYIie paBHO CyllepBEIMUNHE:

mo(t)/mo=exp(—4Ymax) =1/1600! D10 muckpemutupyet nonét ¢ g=10 m/cex’.

MBI ToKa3a BhIIIe YKBUBAJIEHTHOCTh COKPAIIIEHUSI BpEMEHHU t/T OT BIMSHUS
CKOPOCTH PaKeThI V ¥ OT BIUSHUS yCKOpeHUsI pakeThl g! Jlamee MbI BBISIBUM, KaKoU

U3 3THX ABYX (PaKTOPOB MEPBUYHBIN, @ KAKOH MPOU3BOIHBII OT IEPBOTO.
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®doToHHas pakeTa ¢ 3eMHBIM YCKOPEHHEM JOCTUTaeT COOCTBEHHON CKOPOCTH
v¥*=c 3a cOOCTBEHHOE BpeMs acTpOHaBTa MeHbINe, YeM IO, U aaiee e€ CKOpOCTb
yBenuuuBaeTcs A0 v¥=3c. Ho B KoHIIe Bcero cBoero myTemecTBUsl COOCTBEHHAs
Macca pakeThl (maxe Oe3 rpy3a) ocTaHeTcsl 4Ype3BblYalHO Masoi (mo/1600).
CrnenoBaTenbHO, TaKHe KOCMHUYECKHE IONETHI AakKe K OmKaimmM 3BE3maM ¢
BO3BpallleHUEM AacTpOHABTOB Ha 3emiito, corjacHo TO, HEBO3MOXHBI AJis
COBpPEMEHHBIX JIofiell (HO He IJIsi MUKPOPOOOTOB CO 3HAUYUTENBHO OOJblleit
JONyCKaeMol BeNU4MHOM g). XoTs, Bpojae Obl KaK Cepb&3HbIMH (U3UKaMU
BBIIBUTAIOTCSl 3HAYUTEIIHLHO OoJiee Helemble MPOKEKThl KOCMUYECKUX MOJIETOB C
IpeoIoJieHeM KakK Obl MCKPUBJIEHHOTO NPOCTPAHCTBA-BPEMEHH uepe3 TyHHEIH

10J1 Ha3BaHUEM "KPOTOBbIE HOPBI'", KaK OUepeHON MCeBIOHAYYHBIH MOMYIU3M.

I'naBa 6. Kocmuueckue nonétsl B CoTHEUHOU CUCTEMe U B TalbHUI KOCMOC.
CymmapHsblii 3-BeKTOp cobcmeerHoti ckopocTu V*(1)=c(sinhy)e, OapuiieHTpa
00BEeKTa WM 4YacTHIBl N TeHepHupyeTcs TPUTOHOMETPHYECKH KaK CHHYCHas
npoekiusi 4-ckopoctu Ilyankape, a dhu3muecky mapajjielbHbIM H HOPMaJbHBIM

BHYTPCHHUM YCKOPCHUAMHU C UCITOJIb30BAHNEM COOCTBEHHOT'O BpPEMCHHU T:

vi{r)—v*{m) =c- (sinh v — sinh v) = v"{7) - e.{7) — v"{70) - €a{m) = {31)
- C/T cose(r) - coshy,{r) - % dr-eu{1) + C/T sine(r) - coshy,{r) - % dr-e,{r) =

:/:cosmm. [cj_ﬂ area(r)+ | [c-smm(r)-j—ﬂ dr - e, (1) =

o T

= f:f dr - e.{7) —l—/T V) - whiT) dr-ey(r) =

1} o

_ /T cashelr)o T dr e ) /T 3 Lldre el

] )

rae do ecth nuddepenrnran oprochepnaecKux poTalnii BEKTOpa €,4(T);

L il
_ dv* dy dv™ 1L § . o o IF
coshy - g(r) = =9 (1), e = = T[] =v () -wilr). G748 =4%) (32,33)
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[Tpu coOcTBeHHOM ckopocTr 00bekTa v¥(T)=c[sinhy(t)] 3mech purypupytor
€ro TaHTeHI[MAJIbHOEe YCKOpPEHHe M ero HOpMalbHOe BHYTPEHHEee YCKOpeHue — oba
BO BpeMeHU T U W*y(t)=do/dt Kak ero coOCTBeHHas aHTYJsIpHAas CKOPOCTh B
HOPMaJIbHOM 4acTW JBWXXeHUs N 1o MupoBoil JuHHH. YckopeHus B (32, 33)

renepupytoT OTHOCUTENBbHYIO U AbcomoTHyI0 Teopemsl [Tudaropa B (22).

Cymmapnblii  3-BeKTop  koopounamuoti  ckopoctd  V(t)=c(tanhy)e,
OapurieHTpa O0OBEKTa WJIM YacTHIBl N TeHepUpyeTCcsl TPUTOHOMETPUYECKH Kak
TaHreHcHasi mpoekuusi 4-ckopoctu llyankape, a du3uueckd MapaiieNbHbIM |

HOPpMAaJIbHBIM YCKOPC€HUAMU C NUCITIOJIb30BAHHUEM KOOPAUHATHOI'O BPEMECHHU t:

v{t) — v{tg) = c- {tanh v — tanh ) = v(t) - ex{t) —ulln) - ealtn) = (34}

¢ ¢
= c/ COSE - S(‘.(‘hgf}(p(t) 9% dt-e,(t) + c-/ sine - SE('hg’}/p(ﬁ) ELl dt - e {t) =
t dt t dt

" d T d
:/ sech®y(r) - [c- —fq dr - ea.(r) +/ sech?~{r) - [c -sinh (1) - 87 g, e, (r) =
- dr o dr

- —dt-ea(t)—F/ o(t) - wi[r(t)] dt - en(t) =

to

- ] sechy(t) - F[r(t)] dt - en(t) + / sechyl): § (8] dese bl

to in
riae tp =7, 1 = i('r).
Hapanneﬂbﬂoe U HOPMAJIbHOC KOOPANHATHBIC YCKOPCHUA C CbOpMy.]'IaMI/I JJIA
I/IHI/ILII/II/IPYIOH_Ieﬁ nux BHYTpeHHeﬁ CHUIJIbI F, I[GflCTBYIOH.[CfI Ha 00BeKT N BO BpEMCHU

t u 1, Tenzopnas TpuronomeTtpus Aa€T Takxe MPOCTO U HATJISIIHO:

err R

=(1} et = . L
o g ({t)=sech vy g [7(¢]]

1
gt = sech? v-g[r(t) = .. vit) - wr [r{t]]. {35, 36)

2

— i _ L L L
F=cosempg= mg-coshaf}f—?[l)(tj r2 g, F=sine-mgg =mg-coshy- 0 () =m g=mow {v < ¢). (37)

CoOcTBeHHas IJIMHA MYTH X OILIEHUBAETCS HUXKE TOXKE 10 IBYM BapHaHTaM C
pasliefleHdeM Mo MapaMmeTpaM BpeMeHU to=Tp U t=t(T) mpu JEHUCTBUMU YCIIOBHS
onHoBpemeHHocTH. B Gasuce E;, u3 (31) u (34) MbI nosydaeM nBa MACHTHYHBIX

MHTETpaja Ijs OJHOI0 U TOT'0 XK€ MYTHU X NPHU TEKYIUX T<t:
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XT(T)_XD;xt(t)_XD:/TU*(T)-%(T) d'rE/ u(t) - eat) dt =

o to

;/ {U;.eQ(TD)+fT:coshfy(T)-§(rr) drr-ea(rrH/Té‘(rr) d"r-ev("r)] Frr

To

:/ {Ua'ea(m)+/r§*(?) dT-eQ(T)+/T§(T) d'r-e,,(T)] dr =

ki) o

= /t: |:'UD - en(tn) + /t: sech®y(t) - §(t) dt - e, (t) + /t: sechy(t)- g (t) dt - ev(t)] dt =

NG

_ [ i {Uo.ea(top / T dt - enlt) + / i dt-ev(t)] dt. (38)

tn to

Bapuanuu Bpemenu nogodHoro 1-ro nuddepenumana KocuHyca JBUKEHUS
NpONOPLUOHATBHBEI padoTe A TaHreHIMaJIbHOW MPOEKIMU BHYTpeHHel culbl F (¢

OpToii e,), comepIKale 3TH HHKPEMEHTHI IBrkeHus N, kak B (11), Ho ¢ {I77}:

d{ct) |T y v v 7y '
= f deoshy = / sinhy dv = / {sinhy-es) (dy eg) = / cose{r) - sinhy dy =
d{cr) | Y0 Yo o n

1
o2

T v
= 3 cose{T) v (1) g{r)dr = c_12 : /xo cose[r{t]] - w[r{t]] - g[r{e)] dt = Cl—g i /:: cose(y) - oly) dy =

- /COSE(X)-F(x)dx=

T g

= — =coshy —coshva.  (39)

1 /X: _ A A _AE
¥ _mgcg_Eg ED

p— : Fix) dx

(i}

[lpu vy = O |z¢]l/'m,,;,c2 =A/Ey = kg =coshy— l|:>|E =coshy-Ey=mgc + A=Ey+ A= mc2|.

Cxanspuas Eq=moc® u BekropHas Po=moc dopmynsl mis sHepruum u 4x1-
MOMEHTa oObekTa N Ha MupoBoi JuHMU Banunupyrores u3z (10) m (11) —
TpUroHOMeTpuUecKnX 4x4-TeH30poB 3Heprunu-MmoMenTa u 4x1-momenTta. Briepseie,
KaK ckanspHole, 3T GOPMYIIbI JJIsl SHEPTUU U MOMEHTa IpUMeHsT B cTaThe [20, c.
260] (1900) Benukuid W yHUBEpCAIbHBIM Yy4EHBIM W ¢uiaocod Hayku AHpHU
[Tyankape mJjisi 3J€KTPOMArHUTHOTO U3IyYEHUs] CBETa B 2X KOHKPETHBIX BHIAX:
mc=p=E/c um F=mc/t=E/ct=N/c. Baxwno, uro Ilyankape OTKpbUT HWHEPIHIO
U3NTyYeHUs U ero Maccy, OlleHHUB, Kakas KoyloccanbHas sHepeusa E u mownocmo N
oTBeualoT rpamMmy wusnydenus. CyllecTBeHHOe B ero OamaHcaX SHEpPrud Hu
MOMEHTOB €CTh TO, YTO B 3JIEKTPOMAarHMTHOW TeOopuu cBeTa MakcBeiaa ecTb
Bektop-napamerp IT/c2, rae IT — Bekrop Iloiimtuara m c?=1/(gopo) OBLT Kak
9KCNEePUMEHMANbHbIU KO3 uyuerm, BO3HUKIIMKA B pallMOHAIBHOU cUCTeMe
¢u3nyecKknx enuHUI] ¢ enuHuUIe Toka "Ammep" BmecTo cucteMbl eauHull CGS

I'aycca — cMm. nanee!
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AHAJIOrM4Has CUTYalHns C «C>» UMEETCS B IPABUTALMH, T1€ OH MOSBIAETCS
MIpY TPaHCISAIUU OT Oe3pazMepHoil Ter3opHoit TpuroHomMeTpun K MOTEHIIMAIAM —
IPaBUTALMOHHBEIM M YCKOPHTeNbHBIM. Torma daktop c?=1/(gouo)=E/m=(vL)?
00benunser TO, 31eKTPOMArHeTH3M M TpaBHTAlMIO, HO Juimb B P u 037! (1),

3areM 5Ty dopMmyny monyuunan kak m=E/c? Ditamreitn B 1905 1 Macchl
3IEKTPOMAarHUTHOM 3HEPruy TEIIoBOro minydenus B [21] u kak E=mc? JIbtouc B
1908 nnst KuHEMaTUYeCKOW »HHEpPruu peNSITMBUCTCKOrO JBHMXKEHUsT B [22].
[Tpuoputet €€ oTkpbiTus nmpuHaLIexKUT [lyankape ot 1900r. PeansHo dopmyna
BbIsBIIsieTCS MMeHHO B PP kak B (39) (!). Ognako B OTO s1a hopmyna Gepércs us
CTO nnsa 3amensl Macceol, Ho B OTO ona ne BeiBogutcs! I'ne moruka OTO?

st nmytetectBuit B dansruil KocMOC Mbl JOHKHBI PUHSATD, YTO OPTHI €y U

€. OTCYTCTBYIOT B pensiTuBUCTCKUX popmynax (31)—(39), eg=eq 1 IBUIKECHHE TIO €.

I'naBa 7. YckopuTenbHbIH U TpaBUTALIMOHHBINA KOCUHYCHI, BJIUSHUE HA BpEMSI.

N3 (11) u (16)«19) cnenyer, uro 3amesieHrueM BpemMeHu kKak dt/dt u emy
IIPONOPUMOHANBHOH dHeprueil E=mc? o6bexTa N ympapiseT IHIepOOIMYecKuii
KocuHyc coshy=d(ct)/d(ct) oT yrma nBwkeHUs Yy IpH MUPOBON nuHUU N dYepe3
yIJIOBbIE CKaJISIpHBIe 37eMeHThl 4x4-Ten3opoB (11). B 3x3 eBkinumoBoi yactu
TEH30pPOB KOCHHYC Y4YacTBYeT TOJbKO B oleHke padoTel A= AE B mpoexkuuu Ha
eBKJIMJIOBO HarpaBieHue BmxkeHus. OTcrofa cieayer, YTo B PeISTUBUCTCKOM
IBUXKEHUN 00bekTa N KOCHHYCHbIE OTHOILICHUS ISl 3aMeisieHus: Bpemenu dt/dt u
st mpupocta sHeprun E/E¢ wnm norenumana II/TIy paBHbl. DTO emé Oomnee
OUYEBUJIHO M3-32 MPOMOPIMOHAIBHOCTH TICEBIOSBKINAOBBIX NHBapUaHTOB B (11) ¢
OOILIMM YTJIOM JBHM)KEHHS Y TpPU MHUPOBOH JMHUM MacCMBHOTO oObekTa N B
npocTpaHcTBe-BpeMenr Munkosckoro P**! ¢ {I7"} ¢ nonoscumensroii yrnosoii
kietkoit (+1), nenatoweit u snepruto E, u notenumanst 11 nonoxurensasimu (1) co
crpesnoii Bpemenu {ct}, Ho mpu muumom E3 (1) — kak 8 OTO ¢ kpusvim E-.

BBGI[éM Ba)XXHOE IJIS1 JAJIbHEHUIIIErO ITOHSITHE OHepeenmudecKkoe omHouleHue:

d{ct) E . AE A mp- Al Al ALl -l I

kp=coshy—1= =——-l=—=—== = =
E coshy d(CT) ED Eg ED mg-62 62 HD HD Hg

—1. (40)
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OtHocuTenbHble cKasipHble moTeHuatbl Allj mpu Terszope {17} ot pasHbIx
NPUYMH, HO B OJHOW M TOW XK€ MHUPOBOH TOUKE, CYMMHPYIOTCS aIJAMTHUBHO (C
pa3MepHOCThIO KBagpara ckopoctu). Korna Bce ati All; paBHBI, TOraa Mbl IMeeM
npocTeiiine aAIWTUBHBIE — TOUYHYIO M TPUONMKEHHYIO (OPMYIBI IS HX

CYMMUPOBaHHUS B MUPOBOI Touke 00bekTa N Ha ero MUPOBOM JIMHUH:

diet) l=g kg = qE = qa—g =g -{coshy — 1) = cosh¥vy — 1 { the latter at v < ¢, or v — 0). {41)
dicr) I, c

YcTaHoBUM CBSI3b JIHOOOr0 OAMHAPHOIO OTHOCUTeNbHOro noteHuuana All c
JNOCTUTHYTBHIMU CUHYCHOM WJIM TAaHT'€HCHOU 3-CKOPOCTAMM, T. €. UHMESPalbHO WU
KaK Mpu ouckpemnuix npeodpazopanusix Jlopenua u3 E; B Ey, B UX kaHOHHUYECKOM

dbopme, HanipuMmep, B (1) 1 Moka Kak Obl B OTCYTCTBUE TATOTEHUS:

dict AIL / 1 1 1
coshf}f: (C) :]_—|——2: 1—|—Sinh2’}/= = = 1+(U*/C)2=——>
dfcT) c sechy /1 — tanh®y 1—{v/c)?

4 All,=kg-2=(coshy—1) - ? =W/ I+ @/l —1] = L L 42

Paznmaras B paa FI/IHep6OJII/I‘-IeCKI/Iﬁ KOCHUHYC, MbI BbIpa)XacM 39TH KC

MpeacTaBJICHUA TaKKE NTUCKPETHO, HO IIPOIIC U YHUBCPCAJILHEC!

U*Q 3

2
AH:kE-czz(cosh*}f—l)-czx%-czx 5 z%, {sinhy > v > tanh~y).

B cnyuae ceoboonoeco Osudicenua obvexma unu uacmuywvt N, vl3v16aemMo20
deticmeuem 2pasumayuu Oom AacmpoHomMuyeckou maccel M, 6 muposou mouxe
obvexma N Oeticmgyem >K8USANEHMHOCMb cpasumayuonHo2o nomenyuana Iy u

ceHepuUpyemoco KuhemamuiecKkoco nomeryuana Ha:

w2 2 *2 24
fMm = LT %%%%%Z}AHJFZ%Z%ZAHQEU. (44)

Beeném 4x4-tensop T =c’rothl’ notennuana N B (9)~(11), o Teneps ¢ {I°
1. Hac B masnbHeiimem OyneT MHTEPECOBATH €r0 adoumusnas yanoeas kiemka 11
[1=I1p+AIl=c*+AlIl, B yacTHOCTH, HmpomopuroHanbHas 3toil kietke B Tg B (11):

E=E¢+ AE=mc*+AE, X0Ts U Ipyrue KIETKH UHTEPECHBI, HO IUIsS APYTUX LENEH.
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B npoctpancTBe-BpeMenr Munkosckoro P**!, B ero xocmudeckoii o6mactu
C acTpoHOMHUYecKoil maccoit M, e€ HvlomoHo8 cpasumayuoHHulll NOMeHYyua,
OTHOCUMBI MaTeMaTW4YeCKH B YTJIOBYIO KJIETKY TeH30pa moTeHnuana Ty BeIle,
umeem 3uax (+) noo delicmeuem 3HAKONEPeMeHHO20 eOUHUYHO20 MempUiecKoco
menzopa {I""} NpH COOTBETCTBMM €ro YIiioBO# KieTKd (+1) OBemecTBIEHHON
ctpene Bpemenu {ct}. Torna Iy, Ally, All; OynyT nonoswcumenvhoie, Ho epemeru
nooobnvie nousamusa (xkak nousatus [ u E B OTO). Ognako B opurmHanibHOM
KOMILIEKCHOM ~KBa3HEBKJIMIOBOM IpOCTpaHcTBe-Bpemenu Ilyankape Q.S ¢
eBKIUO08bIM Mempuyeckum menzopom {17}, HO ¢ peghrekmop menzopom {1} u ¢
MHUMOM CTpesioil BpeMeHU {icCt}, sHepeus U nomeHyuaivl — OmpuyamesvbHvle U
8pemeHU N000bHbIe, KaK PUHATO uute 0ns I1 B kinaccuyeckoii usuke (?!).

B TO nuckpetHble mpeoOpa3zoBanus JlopeHua st koopauHaT oobekta N
NPUMEHSIIOTCS IPU UX TPAHCISLUUU U3 UCXOMHOro 0a3uca OTHOCUTEIBHOTO MOKOs
E;={I} B 6asuc nswxenus E, unmu E, B P*1. Ho B TO ramunees 6asuc E,, Moxer
OBITb MCHOBEHHLIM NPU HEUHEPYUATbHOM  OBUNCEHUU C YCKOpPEHHeM W
3amensienueM! VX camas mpocTas W MOHATHAs Hallla KaHOHMYecKash TeH30pHas
tpuronometpuueckass dopma B E;={I} (1) u (2) Teoperuuecku oOycCJIOBJICHA
OJIHOPOJHOCTBIO U M30TpOIUel MpocTpaHCTBa-BpeMeHn MunkoBckoro. [lpu
HenpepuvleHbIX YCKOPEHHBIX IBUKEHUSX, ¢ 0azucoM mnokos E; u ¢ MrHOBeHHBIMU
0aszucamu E., Ha nokanbHOe 3amejieHHe Te4deHHsi COOCTBEHHOro BpeMeHu dt
OTHOCHUTENBHO TeueHus KoopAuHaTHoOro BpemeHH dt B E| oka3wiBaeT aeiicTBue —
cM., HarpuMep, B [10, c. 236] BHyTpeHHee ycKopeHrue o0bekTa N Kak:

g=cdy/dr = dr =cdy/g {y= arsinh v"/c = artanh v/c) (45)

no myTH X B B, Tak Kak yroJj IBUXXKeHUS Y BbIpaykaeTcs Toxke B ucxogHom E;.

B npoctpancTBe-BpeMeRr MunKoBckoro PPl B mpucyTcTBMM rpaBuTanuy,
BHYTpPEHHEe KHHEMAaTHYeCKOe YCKOpeHWe g, MW JIOKajbHash HaNpsHKEHHOCTh
TpaBUTAMM gf BIUSIOT IU(DPEpPeHNINATHO ¥ HWHTETPAIbHO JKBUBAJICHTHO Ha
PENSATUBUCTCKOE 3aMesieHHe COOCTBEHHOI'O0 BpEMEHH T ABMXKYIIETOCs] 00beKTa C

HbroToHa 5KBUBalIleHTHONW KUHEMATU4YeCKON U IpaBUTAlMOHHON Maccoii [23].
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B npunoxenusx TensopHoii Tpuronomerpun k PenmaruBucrckoit dusuke
sHepeemuyeckoe omuouteHue Kg=(coshy—1) neiictByeT 1160 ¢ mMprOBITKOM 3HEPTUU
kak B (41) m B caBure mnepurenus opOuTel Mepkypusi (cM. nanee) WA C
JHEPreTUYecCKUM OTCKOKOM Kak B porauuu c mnpeueccueit Tomaca B (27). C
HBIOTOHOBOI 3KBUBAJEHTHOCTBIO MOHSATUN MEXaHHYECKOrO0 W TPaBUTALMOHHOTO
YCKOpEHHsI Jjajiee Mbl BBOJUM TPUTOHOMETPUYECKHUE TMOHSATUS YCKOPUTENbHBIA U
IpaBUTAIMOHHBIA KocuHYCHI [10, c. 259], a Takke BBISIBUM CTPOro CBs3b Kg C
OTHOCHUTENbHBIM MNoTeHuuasoM All nns moboro matepuanbHoro ooObexra N,

ABHOKYIHICTOCA HpﬂMOHHHeﬁHO OT TAaHT'€HIMAJILHOI'O A€ CTBUS YCKOPCHUA Z:

* d Fd dA dF dll
dcosh7=sinh7d7=v—-gdrzgzwz i: 5= 2:|2|_
¢ ¢ c mpc moc moc c

I[J'[f[ TaHT€HIMAJIbHBIX JBUXKECHUM 3aMeIJICHUS BpPEMCHHU OT OJHOT'O (baKTopa k:

dict x d TR d s 41T AIL A AL
coshfy[a)z (c)zl—i--[o o :t:1+ 2 Izl—l—/ S =14+ 2 = 14— — kg= 2 {47

dier) o 5 mpc m, o 2 Eqy 2

d{ct) /r gr do ]Hf dIl; ATl My All;
h o =1 —L =14 —L=1 — kg = 5 48
Cos i f) dler) + . & + o, & + Z + o E P {48)

I[J'[f[ KPYT'OBbIX HOPMAJIbBHO YCKOPCHHBIX JIBUKEHUH MBI UMEeM 3JI€Ch TaKkKe
OJMHAapHbIC, T.C. OT OJHOI'O k, N TIOCTOJAHHBIC 3aMCAJICHUA BPEMCHH, TaK KaK

OTHOCHUTCIIbHBIC ITOTCHIUAJIBI B HUX ITPU KPYT'OBOM JIBHIKCHUU NOCHOAHHbLE:

dict) All, A AE, v? vwl -y o T {r-wi)?
cosh .y = =1+ =1+ =1+ =14 =1+ z =14+==1+-——T" (49
e dler) o mpe? mpe? 2c2 262 22 2c2 )
d(ct) ATl My AE; v’ vy g -7 (rew)?
cosh = =1+ =1+ =1+ =14 =1+ =1+ =14+-—>— (B0
T Fery 2 - o 22 27 22 2z B0

VYckoputenbHbIl KOCHHYC B 0a3uce E| cBs3aH ¢ yCKOpeHHEeM U TOTEHIINATIOM
dopmymnamu (47) u (48). I'paBuTanmoHHBIi KOcWHYC B Oasumce E; cBsizaH ¢
HaMpPsHKEHHOCTHIO M TOTeHITnanoM Gpopmynamu (49) u (50).

[Tpumem noruuno, uto Ily=c? cyThb penepuuiii 6cenenckuii nomenyuan. Toraa
AII=IT-I1) ecTh OTHOCHTENBHBIM MOTEHIMAl WU CcuyuTaeTcssi oTHocuTeabHO Ilo,
¢durypupytomero panee B (40). AGcomoTHbIM crtocoOoM AlT He onpenensieTcs, Kak

U OTHOCHUTEJIbHAsL CKOPOCTD V. Ot maccel 00bekTa N OH He 3aBHCHT.
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Hanpumep, B conHeuyHoil cucteMe, ucxoAs u3 maccel M mna ConHua,
MOTEHI[MANIbHAS XapaKTepUCTUKA MOXKET ONpe/IeNiAThCs Ha paccTosiHuM R oT ieHTpa
Connna 6o vepes 1-10 KocMuUecKyro ckopocTh u3 v2{1}=fM/R, unu 4yepes 2-10
KOCMHYECKyI0 ckopocTth u3 v2{II}=2fM/R, koTopas Gonbire mepsoii B V2 pas; —
60 ToxaecTBeHHO Kak v2 {11} /2=v*{I}=fM/R=AIl}.

Ecnu 06e 3Ti CKOpOCTH UCKYCCTBEHHO MpUpaBHseM K "c", TO I OKpYTIoi
"y€pHoil ABIpHI" Tpou3BOAATCS € YycaoBHble paauychl Mutuena (1783) u
IBapmunbaa (1916) Takxke xkak Obl U3 1-i U 2- KOCMHUYECKON CKOPOCTH, HO
KOTOpBbIe AJ11 (OTOHOB 00€ paBHBI "'c". DTU paguychl CyTh pacnivlgyamsie TIOHSTHS,
M3MEPUTh MX HEBO3MOXKHO. Kosdpduuuent "2", ¢ yuérom HaxoxmeHuss B P>
MOXXET  OOBSCHATBCS ~ OMNSITh  SKBUBAJIGHTHOCTHIO  YCKOPUTEIBHOTO U
I'pPaBUTALMOHHOTO MOTEHIIMAJIOB JIJIsl CBOOOIHBIX IBUKEHUN C CyMMUPOBaHUEM 2X
[T Ha ropusoHTe coObITUH "u€pHO#l AbIpel". OO6a 3TH MOTEHLIMATA CO3/AIOTCS
IIEHTPOCTPEMHUTEILHBIMU YCKOPEHUEM g, M HAPSHKEHHOCTHIO gr B (49), (50).

B camom oOmiem cnydae, /st CBOOOZHOTO PENSITUBUCTCKOTO JBUKEHUS
J1000# Macchl m MoJ| BIUSIHUEM TpaBUTALMU C SKBUBaJICHTHBIM JIeiCTBUEM Ha e&
cOOCTBEHHOE BpeMsi YCKOPUTEIBHOIO W T'PaBUTALMOHHOTO KOCHHYCOB uepes
NOTEeHIMAIbl YyCKopeHusl U rpaButanuu B (47), (48) unu (49), (50) mbl umeeM u3
(41) ynBoeHHble 3HaUeHHs e€ oTHOCUTeNbHOro noteniuana All, Hanpumep, ¢ ero
npubmmkenreM K v¥Z=v*{II} wmm v=v2{II} (T.e. Takxke, Kak A 2-i
KOCMHUYECKOH CKOPOCTH) B CUITy SKBUBAJICHTHOCTH BHYTPEHHETO YCKOPEHUS g, U

Hanpspk€HHOCTH gr. C Bo3pacTaHueM MoTeHIHalla B 2 pa3a runepooIndecKuit yro

ABUIXCHUSA Yo U €70 KOCMHYC YBCIIMYUBAIOTCA IIPU q=2, KaK YKa3aHO HWIKE:

dfet) Al G 4+2A0 I +2AN0 I+ AL, I I 5
R dier) a3 c c* Iy IT, ¢ I Ry e, )
ATl Al All,
coshfyg—1:2?:7:TO:2-kE:2-(cosh7—l)mcoshzfy—l {at v <& c). {52)

Ecnu xe IepeiiTd TeOpeTUYeCKr Ha MUPOBYIO IMHUIO 00bexTa N B P, rie
neiictByer abcomoTHas 4-ckopocTh [lyaHkape ¢, To TaM 3TOT OOBEKT UMeeT

abcomotapii moteHnuan II=ITy+Alls mpu Tensope {I"} u neiicTByrommii B
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a0COIIOTHOM ABUKCHUNU MaTEpyur, B TOM HYHUCIIC C IPAMO IPOINOPHUOHAIBbHBIM

BrusinueM oTHomeHus [1/11) Ha Tedenwe Bpemenu dt oObekTa IV:

diet) E  mé? rrpll II AL, All, 2+ AIL Iy + Al
cosh vy, = =—= = =— =1+ ] e o —
d(CT) Eg mgCZ mgHg Hg Hg Cg CZ Hg

. (53)

Cootnomrerne Ily=c’> u ¢pynmnamenTansHas dopmyna Eq=moc’? ecTh mnoxa,
BpoJie ObI, KaKk caMu 1o ce0e, HO Y HUX SBHO JOJDKHA OBITh CBsI3b. COBpeMeHHBIE
PENSTUBUCTBl MPUMEHSIOT NPAKTHYECKU IHIIL BapuaHT E=mc’? um HampacHo.
[Tonsitust Eg 1 mo 511 KOHKpeTHOro pU3nYecKoro o0beKTa B COCTOSIHUY [TOKOS €CTh
TOXKe (yHIaMEHTaJbHble W WHTEpecHble XapakTepucTuku. Ho wmbl cHauana
BepHEMCS K coommowenuto Ilp=c?, TOCKOIbKY B HEM CKOPOCTh CBeTa
(YHKIIMOHAIBHO CBSI3aHa CO 3HAUEHUEM penepHozo éceneHcko2o nomenyuana 11y —
OJIHOT'O U TOT'0 K€ B pa3IMUHbIX KOCUHYCHBIX popMmynax (47)—(50) ayst 3amenieHuit
BpEMEHU OT HKBHUBAJICHTHBIX KWHEMAaTHYECKOI'0 YCKOPEHHS W TpaBUTAIMOHHOU
Hanpsbk€HHOocTU. Ecnu penepHbiii moteHuan Iy — BenynHa He MOCTOSIHHAS, TO
torga u ""'¢" He MOJDKHA OBITh A0COIFOTHOM KOHCTAaHTOM BO Beenennoi. DTo JOIKHO
OTpeJeNsIThCsl TeHe3UCoM pernepHoro norenuuana [l.

CnenoBatenbHo, 4YTOOBI OTBETUTh Ha aKTyaJbHBIW B Hallle BpeMs H
KapAUHAIBHBIN Bompoc: "fAensemcesa nu ckopocms ceema 8 KOCMUYECKOM 8aKyyme
CMpPO20 NOCMOAHHOU 8eudUHOU ulu Hem?", — HaM JJ1s1 Ha4asia HaJl0 BBISICHUTB CYTh
peniepHoro BceneHckoro nortennuana Ilp=c? B (40) u (53) — MOJOKUTENBHOTO C
NPUHATBIM ~ MeTpuyYeckuM TeH3opom {I7"} kak wucxogso B OTO (mis
MOJIOKUTEITLHOCTH SHEPTUHU U OTEHIINAJIA) U C HOJONCUMETILHOU Vel0801 KIIeMKOI.
OH e 0OJDKeH MMeTh CBOE KaKoe-TO M TMOHSITHOE MPUPOJHOE MPOUCXOKACHUE U
CBOH (h)M3MYECKUIT CMBICI B IIPOCTPAHCTBE M BpeMeHn P31,

“Mbi nocuuno gopmynupyem, umo 6 11060t muposoii mouke Bcenennoii Il
npoOYyYUpyemcs. CyMmou omHocumenvHoix nomenyuanos epasumayuu Allg;) 6 nei
8cex MamepuanbHuIX 00beKMOo8 U UHOU Mamepul, eciu ux Koauiecmeo KOHeuHoe,

U uUx  cxooaueucs  UHMeSpanbHOU  CYMMOU, eclu OHO OecKoHeuHoe.

OTtHocuTenbHbIe TOTeHUHaNbI ABMKeHUs maTepun Allag) Takxke croga BXOAAT.”
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W3 sToro yTBepKIeHus claeayeT, 4To pernepHbld BceleHCckui notenuunan Il
(c Tersopom {I"}) ompenensieT ckopocTh cBeTa "c" B KOCMHYECKOM BaKyyMe U
Macimtabubiil paktop "c" Ilyankape B cTpene BpemMeHHU {Ct} B JaHHOM MeCTe U B
naHHoe BpeMs. To ecTh CKOPOCTh CBETa B BAaKyyMe He €CTh KOHCTaHTa, a IePBUYHO
OHa ecTb (PYHKIHS c=F(ITp)=\TI,, rae I (YHKIMOHANBHO CTPOTO MPHUBS3aH K
MeCTy X M BpeMeHHM t, uaum K MupoBoi 4x1-Touke u, Hampumep, B Oazuce Ei,
NPUJIOKEHHOM B Hel, KaK @yHkyus omxauka oT u. [ly 3aBUCUT OT pacnpeneneHus
matepuu BceneHHOH Mo OTHOILIGHUIO K 3TO MUPOBOiA ToUKe u!

B Buay Toro, uro abcomoTHbIi norteHuuan ectb [I=IIy+Alls, To KocuHyc
runepooJMYECKOro yria npu MUPOBOM JIMHUKU 00bekTa N B MUPOBON TOUKE €CTh
coshys=(ITo+Alls)/Tly=1+Alls/I1p>1. OH He orpanuyeH cBepXy, HaunHas ¢ «1».

HecMoTpst Ha oTHOCUTENBbHYIO 0;1M30CTh K HaM Haiero CoJiHIla ero pa3oBblii
noTeHuranbHbll BkJIaa Allr k 3Haduenuto "¢ mo Takoy npuunHe o4eHb Mai. Tak, B
okpectHocTd nosepxHocTu Conrna R=6,95 108 M on cocrasnser:

Ac=[N(c*+ Allgs))—c]=[V(c*+v2{I}s)—c]=c[coshy—1]=c kg=+317 m/cexk.

Takue OTKJIOHEHHS «C» B COJHEYHOW cHCTeMe He3HayuTellbHbl, HO, B
NpUHLIMIIE, OHW OIpeeNsieMbl, HampuMmep, paauoiokanueir Mepkypus ¢
u3mepenuem "c".

Onnako ConHue AEHCTBYET C HalpaBlIeHHOW HANpsSKEHHOCTBIO g CBOEM
rpaButanuu, 4ro Bea&T ko BceM GR-addextam B comHeuHoi cucteme. C ToUukH
3penus Beenennoit B miesom, Harre CoJHIE €CTh JIUIITb MUKPOCKOITUYECKU 00bEeKT
— 3aTepsSHHBIN MypaBeil Ha Kparo OJHON U3 MHOTOUYHMCIICHHBIX U MaJIbIX CITAPATbHBIX
raiaktuk “Mieunsiii [TyTe”. (Kak B HUX cMOTpSTCS HAIIM JTFOIU ?)

[ToaToMy JTOKanbHAs CKOPOCThH CBETAa MPUHUMAETCS QU3UKAMU HEM3MEHHOMN
BO Bcex (opMmyliax W YpaBHEHHSX C HeW — JNaxke s TJI00ATbHOTO MHUpa Kak
"koHnctanTa c¢". B DnektpomarnutHoii Teopun Cseta Makcenna (1873) ToT xe

MCXOMHBIA (akTop ¢* GbUI HEKOTOPBIM JKCIEPUMEHTAIBHBIM KO3()(HUIMEHTOM B

cucteme Mep ¢ enuHuLei Toka "amnep" B cpaBHeHnn ¢ CGS IMaycca. OH oka3zaics
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YIUBUTEIBHO OMM3KUM K KBapaTy CKOPOCTHU CBETa, KOTOPYIO YXKe paHee JOBOJIBHO
TOYHO OlleHUJ acTpoHoM Jlxeiimc bpaanu (1728).

DTo 1aéT HaM HENOCPe[CTBEHHYIO cBsi3zb B (opmyne c’=I1=1/(gopo)=(VL)?
anekTpomaraeTnsma, rpaButaiud 1 TO ¢ PKM, kak u TO, 9T0 (DOTOHBI C WX
AIIEKTPOMArHUTHBIM TPOUCXOXKIEHUEM M MacCOW OTKJIOHSIOTCS TpaBUTAIuel
HOPMaJIbHOM K MyTH MpoeKInel HanpsKEHHOCTU TPaBUTALIUU C.

MbI MOXeM Tenepb BEPHYThCA K TpakToBKe Eo 1 mo, E 1 m.

1. Ecnu notenuman All=fM/R neiictByeT Ha mo, TO OH NpUAAET €il SHEPruto:

AE= Allyme=fMmo/R=mov? {II}/2=mov?{I}, kax B (44).

2. Ecnu notenuunan Iy nelictByeT Ha mo, TO OH 1Aa€T €l MOJHYIO SHEPIHIO:

Eo=ITymo=moc?, kax B (39)!

3. Eciu I meiictByeT Ha m, To oH #aér eif snepruro E=ITym=mc?, kax B (53)!

Orcrona emé dononnumenvHo 3aKIO4YaeM, 4TO My U M €CTb OJTHOBPEMEHHO
UHEePYUOHHASA, 2PABUMAYUOHHASL, DTIEKMPOMASHUMHAA Macca HyJieBas U MmojaHas !

Ob6cymuMm Takxke BO3MOXHYIO ucToputo renesuca Ilp. Tak, adpdunnas
TOINOJIOTMSI NIPOCTPAHCTBA-BpeMeny [Ipuponasl ¥ Kak ero xopomas modens P31
npunaét eMy CBOMCTBAa HEOrpaHMYEHHOCTH U OeckoHeyHocTu. Ho OeckoHeuHas
npocTpancTBy noaobHas 3D eBkiumoBa yacTh Hamero 4D Mupa ¢ paBHOMEPHO
pacnpenenéHHoi MaTepuelt 1oKHa UMeTh, cornacHo [Tapagokcy Onbepca (1826),
CBETJIOe HOUYHOE HeOO — MPOTUBOIOJNIOKHO KOHeUHOMY MUpy Bcenennoit panuyc-
napaMerpa R. Oxnako marematndeckas GeckoHeunocth P! Boce He o3HauaeT
OECKOHEYHOCTH MacChl BCell MHUPOBOH MaTepud U COOTBETCTBEHHO €&
PaBHOMEPHOI'0 paclpesielieHHs B pealbHoil BecelleHHONW. DTU NMpeanochbUIKu MOTYT
peanbHO OTCYTCTBOBaTh. ANIPUOPU TEOMETPHS pPeaIbHOIO MPOCTPAHCTBA-BPEMEHHU
B 0OJIBILIOM TYT HE 00CYKIaeTcs, 1 OHA He n3BecTHa!

[TostHOE 3HAHME O rI00aTFHOM YCTPOMCTBE Halel BeeneHHoi, B MpUHIIATIE,
He noctuxuMo. [IpexHue WIo3un y4Y€HBIX O JOCTMIKEHUU IMOJHOrO 3HAHUS B
Matematuke Obuin paspymiensl Teopemamu ['€menss o HemomHote. Ho B

Teopernueckoit Pu3mnke uaes 0 TpaHCLEHIEHTHOCTH IPUPOAbl BeesleHHoM B iesioM
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emé Jaleko He Ooco3HaHa. B HacTosnee BpeMs ecThb JBe TIJIaBHbIE T'MIIOTE3bl
BO3HWKHOBEHUS U Pa3BUTHUS MaTepuanbHOro Mupa BeeneHHOM.

JIubo, cornacHo teopun "bonbmoro B3peiBa" ot ['eoprus 'amoBa, korna
MOSIBJISIETCS. BCS Macca MmaTepuu; WiM, corjacHo teopun "llynscupyromeit
Bcenennoit" Pomxepa llenpoysa, rne macca M 3HEpruM MaTepUU COXPAHSIIOTCS.
Ecmm sT0o Oynmer mokaszaHo, TO TOTJa CKOPOCTh CBeTa W (POTOHOB DUHINTEWHA C
MmaciuTadHbIM (hakTopom IlyaHkape B ero crpeie BpeMEHU MOTYT 3HAUUTEIbHO
U3MEHSTBCS B KpUTHYECKUX (azax co3nanus norteHuuana [1p. ismMmenenus ckopoctu
CBETa BO3MOXHBI U IIPU CYNIepMacCCUBHbIX KOCMUYECKUX OOBEKTaX.

Jlanee Hano 00OCHOBATh, YTO M3JI0KEHHBI HaMU Bblle Noaxoxa k Teopuu
OTHOCUTENIBHOCTH C JieiCTBHEM I'paBUTALMU C NPUMEHEHHEM YCKOPHUTEJbHBIX U
I'PaBUTALlMOHHBIX KOCHHYCOB M IOTEHIIMAJOB, TOYHO COOTBETCTBYET, IpEXkKie

BCEro, U3B€CTHbBIM aCTPOHOMHNYCCKUM OTKJIOHCHUAM B COJIHEYHOM cucrteme!

I'naBa 7. TpuronomeTrpudeckas 1 moTeHImanbHas TpaktoBka GR-a3ddexTos.

Jlnst ctporoii TpakToBKU Beex GR-3¢(hekToB B coHeuHOIi cucTeMe B paMKax
TO B npocTpancTBe BpeMeHn MuHKOBCKOro P°*! Ml nprMensieM BBeIEHHBIE BhIIIE
YCKOpUTEJIbHBIE M TPaBUTAIIMOHHBIE KOCHHYChI M TOTEeHUHalbl. Mbl BBIBOJIUM
TOuHble Tpuronomerpudeckue ¢opmynasl GR-apdekToB ¢ dusmveckoit
UHTepIpeTanuei, cieays noaxonaM B 3M wusnanud MoHorpadum TeHzopHas
Tpuronometpus [10]. Ognako anosnoretamu O6ie Teopun OTHOCUTENBHOCTH UX
npubmmkEHHbIe Qusnueckue hopmydsl s Bcex GR-addexToB Oe3nokazaTenbHO
u Oe3ameiIsiMMOHHO OTHOCATCS ToJbKOo Kkak K cienctBusm u3z  OTO.
[Tpubnuxe€nnsiii xapakrtep popmyn OTO nmns stux GR-adekToB ecth mpsimoe
CJIeJICTBHE WCKPUBJICHUSI IPOCTPAHCTBA-BpeMeHU !

PsinoBoii uuTarenb, He HUCKYLUIEHHBIH B OYEHb CIOXXHOM abCOJIOTHOM
TEH30PHOM HWCYUCJICHUHW, JODKEH JIOBEpSTh TOJBKO JIUIIh 3araJovHbIM
dopmynupoBkam Tuma "IOTo cienctBue 3 ypaBHenwit OTO" 6e3 kakoro-imoo
SCHOTO M TOHSTHOTO KOHKpeTHoro ¢usudeckoro oObsicHenus. Co3naércs

BUJIHUMOCTDb, YTO 3TO €CTb YTO-TO HEAOCTYIIHOC PAAOBOMY HYECJIOBEKY, HO TOJIBKO
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sanmuTe U3 Kak Obl 3akpeitoro kiyba OTO. IlpaBunbHBIX pe3yiabTaToB, HO He
OpUOTKEHHBIX, a MaTeMaTH4ecKH M (U3UYECKd TOYHBIX, MBI JIOCTUTAeM,
NpUMEHSST 3HAYUTEJbHO OoJjiee MPOCTOE HATJSAHOE OPMOSOHANbHOE MEH30PHOE
ucuucnenue n3 Hamed TeH3opHoW TpUroHOMETPUM M KCIONB3YS COBEPIIEHHOE
POCTPaHCTBO-BpeMsi MUHKOBCKOro kak ecrectBeHHoe it TO.

Bwmecte ¢ TeM MbI Bo3BpaiaeMm Teoputo OTHOCUTETBHOCTH B €€ UCTOPUUECKU
opuruHanbuyto (opmy Anpu Ilyankape. B Heil nelicTByroT mpeoOpa3zoBaHus
KoopauHaT U cokpaiuenue Jlopenua, abcomtotHas 4-ckopocTh [lyankape nns
JA1000ro BUJa MarepuM BJOJIb PEryJsipHbIX MHUPOBBIX JMHUNA MHHKOBCKOrO |
runeprnpocTpaHcTBo JlobaueBckoro s HarjsiAHOro OToOpakeHWs B Hell Bceid
PENSITUBUCTCKON KUHEMATUKH (CKOPOCTEH M YCKOPEHUI ) U TUHAMUKH (PHEPrUuu U
BCEX MOMEHTOB), U MHOI'O-MHOIO TOro, 4YTo ObuIO mpocto oThATO y TO cC
nosineHuem OTO, B T.4. peanbHyt0 cOBMeCTUMOCTh Teopur OTHOCUTEIBHOCTH C
PenstuBuctckoii KBantoBoit Mexanukoii, Teopueil nnepuuun Mmarepuu Xurrca u ¢
IpYrUMH Takke (yHIaMEHTalbHBIMU TEOpUSIMH B TPOCTPaHCTBE-BPEMEHU
MUHKOBCKOr0 WJIM B KOMILIEKCHOM NpOCTpaHcTBe-BpeMenu [lyankape.

Anonorersl OTO numyTt u nponaranaupytor 6osee 100 mer, uto GR-
apdexT "PenstuBucTckuil cnBur nepurenuss Mepkypusi" oObsICHSETCS TOJIBKO B
pamkax OTO u Ge3anerIsUOHHO yTBEPKIAIOT, YTO 3TOT 3P PEKT MoATBepKAAET
uctuHHocth OTO. Hamie tpuronomerpuyeckoe peleHue ¢ ero (pu3nuecKon
MHTEpIpeTanuel B paMKax HbIOTOHOBCKUX TeopHil 1 Teopun OTHOCUTENBHOCTH B
P! GazupyeTcs Ha TPEX KOCHHYCHBIX COKPAILEHHIX COOCTBEHHOTO BPEMEHH [
Mepkypusi ¢ UX YABOGHHEM B CHJIYy OSKBUBAJIEHTHOCTH YCKOPUTEIBHOTO H
I'pPaBUTALMOHHOTO KOCHHYCOB MIPH €r0 CBOOOHOM JBUKEHUU OT JIEHCTBUS HA HETO
rpaputanuu  ConHua. MCXOOHO OHO OCHOBAaHO Ha MPUMEHEHUM METONIOB
ncegooesxnuoosou Tenzopnoit Tpuronomerpuu B [9] u [10].

Ecnu 661 Mepkypuii npoxoaust HeroToHOBY 0pOHTY co ckopocThio v B Eq, TO
TOrJa COKpallleHWsl BpeMeHW MABWXKeHUs Uil Hero He Obuio. Ho Mepkypuid
MPOXOINT €€ CO CKOPOCThIO V* 10 coOOCTBEeHHOMY BpeMeHH T B Er, (kak B [Tapanokce

brmusnenos). Tlon penstuBHcTCKHE TmapaMeTphbl chopmMupoBaliach €ro peajbHas
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opbuTta. 3aTpaunBaemMoe COOCTBEHHOE BpeMsl cOoKparnaercs 1mo GopMmyie ¢ OJHUM
«kp» kak: 0=L/(dx/dt)-L/(dx/dt)=(\coshy—1)L/v*=kgL/v*. KomnuecTBOo 060pOTOB
Mepkypust Bokpyr CoiHIIa B SKBHBAJICHTHBIE TIOJHBIC TEPHOILI BPEMEHU HE
pasnuuaetcs B 6a3ucax E; u Ey,! M3-3a 3T0oro0 xak 061 mosiHast opOuTa OT MepUresus
710 TIEpUTENHsI CABUTAETCS BIEPEN ¢ mepureqneM MepKypus s KOMIIEHCAIun
pa3HOCTH BpeMmeHU e€ mpoxoxaeHus B Oasucax E; u En.  3amernsrit
OKCUEHTPUCUTET OpPOUTHI MO3BOJIUI 3HAMEHUTOMY acTpoHomy JleBepbe B 1859
OTKpBITh ‘““Ha KOHUMKE Tepa” (Aparo) 3ToT HeOOJbIIOMN AP EeKT, TOMOTHUTEIbH bIT
K HEPENATUBUCTCKUM 3P (HeKTaM CMelleHUs] IepUreus OT BIUSHUS APYTUX MJIaHET
coJIHeYHOI cuctembl. J1Jisg ouleHku B npuHiune 3toro GR-addexra Mmbl npuHruMaem
HUKe ClleTytollee.

(1) ABmxenue mianetsl Mepkypuit mo opouTe Mo4TH KpyroBoe.

(2) B xkpyroBbix noteHuuaIbHbIX hopmynax (49) u (50) Mbl KCTIONIB3YyEM IS
KAHEeMaTh4yecKoro mnoTeHIMana Mepkypuss u3 (43) ero TO4YHOE 3HAUCHUE
ATl =(coshy—1)c? u, a u3 Gopmyisl (44) ero pensTuBrcTcKoe npubmmkenne All,=
ATlg=v*?/2=fM/R — Bce onsaTh ¢ TeH3zopoM {I7'}.

OtmeTuM, 4To MyHKT (2) COOTBETCTBYET NEPeXoay K COOCTBEHHOMY BpeMeHH
T Ha opbuTe Mepkypus ¢ coxpanenueMm B P°*! Jlopenu-unsapuantaoctu. Ho B Tak
HazbiBaeMoM "perienun lIBapumunpaa” B pamkax OTO nepexon k coOOCTBEHHOMY
BpeMeHH T 03Havall notepio JIopeHI-uHBapUaHTHOCTHU. J[OMOTHUTENBHO AJS Tak
HazbIBaeMoil "HopMasibHON Macchl" Mepkypus Ha opOuTe, neicTByolIel B 3akoHe
Tarotenuss HeroToHa (akThuecku M3-3a OTCYTCTBUS ABWKEHHUS BIOJb paguyca
opobutel Mexny ueHtpom ConHiIa W UEHTpOM MepKypusi, Mbl NpUMEHsSeM
cOOCTBEHHYIO Maccy Mo MpY COXpPaHEHUH MOJIHOM MapaienbHoi Maccel Mepkypus
m BIIOJIb er0 OpOuTHI. Tak, WMeeTCsl TPU PaBHBIX KOCHHYCHBIX PEISTUBUCTCKHX
¢daktopa coshy, cokpamarommx coOCTBeHHOe BpeMsi MepKypusi: 3To aBa v*/v u
OIMH M/Mo U B CpaBHEHUM TOJBKO ¢ ogHUM (akTopoMm B (49) u (50). Ouu xe
MPHUIAOT yIBOCHHWE COKpAIeHUs BpeMeHW MepKypus H3-3a 3KBUBAJICHTHOCTH
YCKOPHUTEIFHOTO U TPABUTAIIMOHHOTO KOCUHYCOB TPH CBOOOJHOM JBWKCHUHU KaK

6kg=6(coshy—1). Ucnionp3ys (41), momydaem Tounyto orieHKY 3Toro GR-adgdekra B
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(54) n ero mpubmmxkEHHYI0 Gpopmyry ['epOepa [24], BeinenenHyto B (55), ¢ 6TH

KpaTHBIM KOCHHYCHBIM COKpalleHueM BpeMenu ot 6Tu ¢aktopos kg>0 [10, c. 263]:

&= +T6 kz'i—? = +76{coshy—1}-w, = B QTFR-[ f—w,) = 6r-2{coshy—1} = 6r-(coshy,—1) = 6#-AI2IU. (54}
v o
dex 6-2rR . 12rR ~* 12rR sinh®~ 6rR v
6=+T-6kg-a=+T-6(cosh*y—1)-wﬁ= ” -[T.U&—T.UG)MT-?-T.UQ% e ol e
Gr R 6ri L 6GrR fM M 2fM Allsi g All 2 All,
= L. S J UL b 7 = = +am- = G- > 0. (55
2 ? & RZ R R.c2 i 2 P (55)

(Bmecy v* ectb 1-1 KocMHuecKas CKOPOCTh MepKypHusi OT TI'paBHTaLUU
Connua.)

®opmyna ['epbepa, moBTOpEHHAST DUHIITEHHOM TPAAULMOHHO 0€3 CChUIKH,
okazanach penstuBuctckoi B P**! kak uncro tpuronomerpuueckas! Ilociennuit
(eHOMEeH OOBSCHSETCS TeM, YTO OHO MO MPHPOJE OIHOPOJHOE U H30TPOIHOE.
TenzopHasi, BeKTOpHasi, CKaJsipHasi rurnepOoIMvecKas TPUTOHOMETPHs €CTb ero
€CTeCTBeHHbI HHCTpyMeHT! DkcueHnTpucutet opoutsl B (50) He HyxeH! Ho oH xe
Ba)KEH 1S HAOJIIO/IEHNs U B OLIEHKe CpeHero paauyca kak R=a(1—e?).

B penartuBucTckoit pusnke NpUHSATO CUUTATh, YTO Kiaccuyecknii HproToHa
[lpuHIMn SKBHUBAaJEHTHOCTH HWHEPTHOM M TIpaBUTALMOHHON Macc, WM Takke
YCKOpEHUs ¥ HanmpsOKEHHOCTH TpaBUTALUU, NEHCTBYeT B HEpPEeISITUBUCTCKOU U
peNsTUBUCTCKOM popmax. OH IPOBEPSIICS PSIOM SKCIIEPUMEHTATOPOB, HAUWHAS OT
Herotona [23]. Ho HUKTO 3KcnepuMeHTaIbHO He YCTaHOBUII, IPUMEHHUM JIM U Kak
5TOT Benukuit [IpuHIIMT B ccTeMe ¢ HeNOABMKHOW TpaBUTUPYIOLIEH cyrepMaccoit
M u nBmxymeiics mo opoutTe mMaccoii m? Bellle Mbl BBISICHWIH, YTO TIOHSTHE
MHEPIIMOHHON MacChl My B HOPMAJIbHOM HAIIPaBICHUU K €€ IBUKEHHUIO U MPH TOM
’Ke HOPMaJIbHOM HalpaBlieHWH HANpPsDKEHHOCTH gf (OTIMYHOM OT TMapaisienbHon
Maccbl m MepKypusi 1o opOuTe) MPUMEHNMO K IpaBUTALlMOHHOM Macce mo. Tornaa
[IpuHuun 5SKBUBaNeHTHOCTH HblIOTOHA [ HOPMalbHBIX HMHEPLIUOHHOH W
IrpaBUTAallMOHHONM Macc mo He Hapymaercsa. Kak He Hapymaercs u IlpmHnmn
['eprinotua u3 kuHematnku TO, U OH neHCTByeT TakKe B IMHAMHUKE U B TEOPHUH
IPaBHTALMH, HO TOILKO B P!

Camoe mHTepecHoe, uTo KacaeTcsi GR-a3¢ddexToB, Tak 3T0 TO, 4TO, Kpome

cMelneHus nepurenuss Mepkypusi, ocTajgbHble Takue 3PQEeKThl K PelATUBU3MY He
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MMEIOT OTHOLIEHHUS, KpOMe MOCTOSIHCTBA CKOPOCTU CBeTa, KOTopasi U paHee ObLia
TakOW JKe, COIJIaCHO CYINEepTOYHBbIM omnblTaM Maiikenscona u Mopmu, a
TEOPETUYECKHU, COITIACHO runepobonuyeckomy yriy asmxenus Ilyankape [2]. Onu
VKJIQIBIBAFOTCS B TOKa eImé OeccMepTHbIe Teopun HpioToHa [26] ¢ MIaHKOBCKOM
yacTeio KBautoBoit Mexanuku B P**!,

B npocTpancTBe-BpeMenr Munkosckoro P*! cer pacmpoctpansercs
KOHKPETHO IO THUIEPIOBEPXHOCTH 3X MEPHOro H30TPONHOro KOHyca Tpu
OECKOHEYHOM YTJjle IBH)KEeHHs, 0ToOpaxkaeMoM B yHHBepcallbHOM Oazuce E; (s
NICEBJI0- U KBa3MEBKIIMJOBOI reoMeTpuii) ¢ HaAKIOHOM Qr(Y)=n/4 K penepHoi ocu
{ct} m x E*V. CperoBble NMHMM Ha H30TPOIIHOM KOCHHYCE HE HMEIOT
runepOooJMYecKoil KpPUBU3HBI, TaK KaK TaHreHLuajdbHash NpuOaBKa K HSHEPruu
(OTOHOB MPUBOAUT TOJBKO K YBEJIMUYEHHIO MX YACTOTHI V U maaeHuro A=v/c. Ho
CBETOBBIE JIMHUU MOTYT UMETh HOpMalbHYIO chepuueckyro kpuBu3zHy Kv=da/Rg
U3-32 HOPMalIbHBIX BHYTPEHHUX YCKOpPEHUH (POTOHOB, KOTOpPbIE SIBISIOTCA
eBKJIMJIOBBIMH (CM. Bbllle) U He npotuBopeunt TO B P41,

[TockonbKy CBeT pacmpocTpaHsieTcs Kak CBOOOHOe ABUkKeHHe (DOTOHOB, TO
TOrJa HOpPMalbHOW Hamnpsok€HHOCTH gf B (50) oTBeuaeT SKBUBAJIEHTHOE
HOpMajbHOE BHYTpeHHee YCKOpeHue g,=g, B (49), uTo Benér Kk JBOHHOMY
HOpMaJbHOMY HM3ru0y Jiyda cBeTa OT 3Be3/bl. JlaHHBIN 3¢ deKT BbIABIsSETCS MpU
npoxoJie Jy4ya cBeTa 3Be3[bl BOMM3M aucka CojHIAa MpU TMOJTHOM COJHEUYHOM
3aTmenun. Jlns ouenkn >¢pdekra B P! Bpramcnsem [10, c. 261], [9, c. 298], Bo-
nepBbiX, MeromoM 3ongHepa [25] (1804) m mo 3akonam HeroTona [23]
IpaBUTAllMOHHOE OTKJIOHEHHUE JIyda CBeTa OT MPSMOJIMHEHHON TPaeKTOPHUH 3a CUET
2X paBHBIX M3MEHEHWH TpaBUTAlMOHHOro mnoTeHuuana ConHOa OT HyNIs 10
Allg{max} n oOpaTHO 10 HYJIsI, UYTO 1aéT HOPMaJbHBIE CPepUUeCKre CABUTH Jyda
Bcerja B ctopony OapurienTpa M Comnaia:

gy =dlf Revd(—r cose)/ B =b d(—cote)/ R = [FM/(P)] - sine de = AlLi(e)/c? de = dRFM/(B - ¢2)),

§ =2kp =2 Allpmaz/c® rad = [fM/(b- 2)| f sine de = 2fM/(b- c?).
1]

3aece b = const ecrs paccroauuc mexay bapunenrpom M u nepeceueHneM acuMuTOT JIyua CBETA.
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Bo-BTOpBIX, JOMOTHUTENBHO K HBIOTOHOBOM YAaCTH MBI BBIYHCIISIEM TaKKe
pedpakIMOHHYI0 YacTh TPAaBUTAIIMOHHOTO OTKIOHEHHWS Jiyda CBeTa Kak ObI 10
ontudyeckoMmy 3akony CHeJunyca, HO TOJBKO KaK aHAJIOTUsl OTKIOHEHHUIO CBeTa 3a
CYET M3MEHEHMSI ITOKa3aTells IPEeIOMIICHHS CBETa, YTO paHee 00CyKIalloCh B KHUTE
Ménnepa [26, c. 308]. Y Hac 3TO OTKJIOHEHHE Jy4ya MPU MOCTOSHHON CKOPOCTH
cBeTa "c¢" W ¢ M3MeHeHHeM 4acToThl (hoTOoHOB Mo (opmyne [Inanka-DifHITeitHA
AE=hAv=hc/A\. YacToTa ()0TOHOB V yBenuuMBaeTcs Ha 1-i YacTU UX TPaeKTOPUU
M yMEHbIIaeTcss Ha 2-i e€ YacTh C COOTHOIIeHWeM uisi Av U ¢ 0oOpaTHBIMU
u3MeHeHussMHU AL. Yron nafeHus ecTh +€, €Clid €<n/2; ¥ YroJl najieHus ecThb (T —¢),

ecnu  €>m/2. DTO MHTepHpeTupyeT AONOJHHUTENbHble K u3rudy 3osaHepa

HOpMaJibHbIE CIIBUTH JIy4a TakXke B CTOPOHY OapuiieHTpa M:

sine/ sin(e — déy;) = B, e < x/2; sin(r — e)/sin{r — e + ddz;) = =&, € > 1/2 —

1 L 1 L Y
— dbyy =tdvjv =dc je=Gdr/c=8gdl/* =dl] R = db;.

OHO paBHO HBIOTOHOBCKOMY OTKIJIOHEHHWIO, KaK U B HHTepIpeTaluu ¢
rpaBUTAllMOHHBIM TOTeHIManoM. CrenoBarenbHO, Mbl OOOCHOBAJIM M SBIICHUE
pedpakuuu cBeTa B MoJjie IpaBUTALMKA U CUHYCHBIA 3akoH CHesunyca Jij1sl He€, HO
C ero 0cOOEHHOCTHIO BhILIE I €& IPaBUTALMOHHOI oneHky B 271!

Torga nna nanHoro s¢dexra, cocTosIero Kak M3 HbIOTOHOBCKOW, Tak M
pedpakunoOHHOM 2X paBHBIX YacTel, HO MPU YCIOBUH IMOCTOSHCTBA CKOPOCTH CBETa

B P°'!| MBI IMeeM HTOrOBBII CyMMapHBIi Pe3yJIbTAT:
28 = dkg = 2- Allpmax/c® + 2 - Allymin/c* = 4 - Allymnax/c? rad. {56)

Pedpakironnass d4acTh  BbI3BIBa€TCS MMEHHO  TOCTOSHHBIM  37€Ch
yckoputenabHbiM noteHuuanoM All,=All;. Onnako DiHIITENHH, BMECTO TPAKTOBKHU
310ro 3 eKTa B MpOCTpaHCTBe-BpeMeHn MuHKOBCcKoro, nckpusun PP na ocHose
coOctBeHHoro IlpuHuuma SKBUBaJEHTHOCTH TaK, YTOObI JIyd CBeTa CTal
reo/1e3UYeCcKoil IMHUEeH B UCKPUBJIEHHOM MPOCTPaHCTBE-BpeMeHu ?!

Cunraercs, uro 3 PexT "KpacHOro cMereHus" Juisi cBeTa, IPUXOSIIero Ha

3emmio ot Comnia, npenckasan AnsOept DitHmTeiiH kak GR-3dpdext B 1916.
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Onnako BmepBble ero mpezackazan [xon Mutuen (JKan Muiens) B cBOEM
sHamerunToM mrckMe K "The London Royal Society" B 1783 [27]. Ha camom nerne
3TO €eCTh TakXke, KaKk M Mpeapiaylmuid, HbeloToHOBCkMi u KM Ilnanka
Hepenamusucmckuli  d¢hghexm, TpUIEM 03 PEIATUBUCTCKOTO COKpAIICHHS
BpEMEHH, TaK KaK I'pPaBUTAI[MOHHBIM KOCMHYC B HEM paBeH | u3-3a COBIAaJIeHUS
HalpaBJIeHUs JBIKEHUS (OTOHOB W BEKTOpA HAMPSHKEHHOCTH TPaBHUTAIIWH.
[TosTomy nanubii 3ddekT daktuuecku oodunapwueiil! Kak HepensTUBUCTCKUN
3p(hHeKT, OH KOPPEKTHO OMUChIBaeTCs NedcTBUEM Ha (DOTOHBI HAMPSKEHHOCTU
I'PaBUTALMOHHOTO MOJIS C IEPBUYHBIM U3MEHEHUEM UX YACTOThI U IJIMHBI BOJIHBI 11O
kBaHTOBOU ¢opmyne I[lnanka—OiHmTeitHa A58 (HOTOHOB B 3aBUCHUMOCTH OT
rpaBUTAllMOHHOTO ToTeHnana CoJHIla U MPU MTOCTOSIHHON UX CKOPOCTH C=V A:
EBp=hv=myf=E, —All;-mp=ht —All; -mg <ht = v<, A>x. (57
DOta uzaeto BrepBble Bbickazal Makc bopH B [28] — oauH u3 co3zparenei
KBanrtoBoii Mexanuku. OHa wuMeeT Bbillle elI€ W Halle JOMOJHUTENbHOE
TpUrOHOMEeTpuUecKoe ycioBue coshyn=1, T.e. To, 4T0 3TOT 3)PEeKT OqUHAPHBIN U

He peNsATUBACTCKHN B P31

Peanvnoe npoctpancTBo-Bpems (“Bels B cede” mo Kanty), uckaxxéuHoe s
BHEIIHEro HaOofaTelNss rpaBUTAllMed Kak HabirodamenvHoe, OTOOpa)kaeTcs B
bumempuyeckux meopusax 00 2-20 NOpAOKa annpoxkcumayuu no mempuxe. Tak, 3To
HCKaXkarolee riodanbHoe rpaBUTAIMOHHOE JIMH3UPOBaHKEe CBeTa. JTO XKe, 10 hjaee
I{Buku, motepst poronamu sHepruu hv=hc/A n3-3a TOro, 4To OHU JICTIT HE B ITYCTOM
KOCMHUYECKOM TMPOCTPaHCTBE. JDTO HapacTarollasl pa3HHlla B MOMEHTaX BpeMeHU
JUTSL pa3HbIX TalakTuk. Mckaxaromue (GakTopbl HOKHBI JEHCTBOBATH TaK: dyeM
Janblie KOCMUYecKre 00beKThl, TeM Oy1eT OoJiblile UX BKIal. 3aKkoH Xabia Bcé 3To
KOCBEHHO TOJTBEpXKJaeT. 3akoH XaOyia B W3HAYalbHOM HeOecHOl ¢opme Kak
+AMA=hv/v=Hl/c=Ht ¢ unTepnperanueii aBTOpa NEHUCTBYeT UMEHHO ISl CBSI3U
KpPacHOT'O CMEIIeHHs] CBeTa TaJlaKTUK W PACcCTOSHHUM [0 HUX HM3HAYAIbHO Yepe3

napasuiakchl — 6e3 uHmepnpemayui.
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Yro kacaercs OTO, To mpu e€ riobasbHOM KOCMHYECKOM NPUMEHEHUH
METOJI MapajulakCoB, OCHOBAHHBIA Ha OOBIYHOI TPUTOHOMETPUH, ISl U3MEPEHHUS
ACTPOHOMHYECKHX pAacCTOSHUUH He MOXeT paboTarh H3-3a I0JaraeMoro
VCKPUBJIEHUS HE TOJBKO CTpeJbl BPEMEHH, HO M €BKJIMI0BA MOANPOCTPAHCTBA.
OTO wumeer u psa OpyrHX HEYCTPAaHUMBIX MPOTUBOPEUMHA. DTO OTpPULIAHUE
COXpaHEeHHS SHEPrui-MOMEHTa KaK TOYHOro 3aKoHa mpHupoabl. BriepBbie 00 3TOM
Hanucan [laBua ['nns0ept [29] 1 3aTeM ObLIO CTPOro TEOPETUYECKU O TBEPKACHO
Teopemoii Hétep — ero yuenuusl B ['€rtunrene [l1]. Dto To, yto B OTO
OTCYTCTBYIOT MHO20pa306bie TpPeo0pa3oBaHUs KOOpAMHAT MPOCTPaHCTBA W
BPEMEHHU, TapaHTUpPYIOLIMe IMOJy4YyeHHe HE3aBUCUMBIX OT HUX OJIHO3HAYHbIX
TPaKTOBOK — Hamoaobue JIopeHI-WHBapuaHTHOCTH B INPOCTPAHCTBE-BpPEMEHU
MMUHKOBCKOr0o, ¥ Ja)ke HeT XOTsl Obl peajbHOro Hayaja KOOpJUHAT, KOTOpOe
IIOCTOSIHHO CMeEUIAaeTCs C u3MeHeHueM CTPYKTYphbl MPOCTPAHCTBA. JTO TO, UTO €&
JIOKaJIbHBIN M1CEBJOPUMAHOB TEH30p KPUBU3HBI BbI3bIBAET UCKPUBIIEHUE HE TOJBKO
KOOp/AMHATBl BpeMEHH, HO M BCeX IPOCTPAHCTBEHHBIX KOOPAMHAT C
HEeMOoJBM)KHBIMU MaTrepuajgbHbIMU oObekTaMu Bo Bcenennoii! I'me e Torma
HEMMOBEpHble MeXaHUYecKHe HampshkeHHs B 3Tux obbekTax? ['eomerpuueckue
napaMeTpbl HEMOJABUKHBIX OOBEKTOB €CTb MHBapUaHT! DToO ke ecTh HepylluMmas
akcuoma, cobmomaemas cBato B Pl D10 M Teopermueckas BO3MOXKHOCTb
peanuzanuu B OTO 3aMKHYTBIX BpeMEHU MOAOOHBIX TPAEGKTOPUM, YTO HApyILLIaeT
csieHHbIl [lpunuun [letepmMunn3Ma; naaue roopsi, ooemaet anojoretam OTO
BCTpeUy € HUX Hpeakamu win nortoMkamu! B akryansHO TpakTtoBke OTO
TICeBIOPUMAHOBO IIPOCTPAHCTBO-BPEMs MIOCTOSIHHO PAacIIUpPSIeTCs C YCKOPEHUEM U
yeM najiee, TeM ObicTpee — Oe3 aumuma 6 ckopocmu "c"! Hukem w HuUTIE He
3aduxcupoBano uckpusistomee aeiictsue OTO B Mukpomupe u Makpomupe.
PenstuBuctckas KBantoBass Mexannka m Teopus uHepuum matepun Xurrca
wznarajorcss B P> Tak, manpumep, B Teopuu XWUITCa TeHEpalMsi MaTepHH
COMPOBOXK/J1AJAch MOSBJIEHUEM TIJI0OalbHOro moJisi uHepuuu. CienoBaTesibHO, U
OpHer Max OblT mpaB, KaueCTBEHHO OOBSCHSS WHEPLHUIO MacChl BO3IEHCTBUEM

Marepuu Beenennoit — [Ipuniun Maxa [30]), kotopsiit OTO B utore orepria.
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BoiBoabl.
1. I[Ipo6nema HecoBmectumoctd OTO u PenstuBuctckoit KM HuBenupoBana ¢
npumeHeHneM TenzopHoil Tpuronomerpuu: nocratouHo coBMectuMoctd TO ¢
rpasutanueii 1 PKM B npoctpancTse-BpeMenn MunKoBckoro P,
2. B P*'! Beenensl renepanbHble 4x4-T€H30pbl SHEPIHH-MOMEHTA, MOMEHTOB,
CKOPOCTM M NOTEHLHAJa — IPONOPLUOHAJIbHbIE TIeHepalbHOMY 4x4-TeH30py
poTanuii, To)X1eCTBEHHOMY TeH30py JBM)XKEeHUI B reomeTpun Jlobauesckoro.
3. B P! uznoxens! Bce GOpMyJIbl M TEOPEMBI JIsi CYMMUPOBAHHUs JABMKEHUN U
(pU3MYECKUX CKOPOCTEH, MOISIPHOE pa3IokeHUe C OpToChepruyecKoil poraue.
4. B P"! nanbl GpopMyabl 1 TeopeMbl Ui CyMMHpOBaHus U PepeHnaTbHbIX
JBUKEHUI, BHyTPEHHUX YCKOPEHUH U JJIs poTalMu ¢ npeneccuedt Tomaca.
5. PaccMoTpeHO npuMeHeHHe QU3nUecKuX (OpMys TEH30pHON TPUTOHOMETPUU
JUTsl yTeIIEeCTBUN B COJIHEYHOM cucTeMe U B AayibHui KocMmoc, uX peanbHOCTD U
naHa gopmyna LlmonkoBckoro B peiiTUBUCTCKON TPUTrOHOMETpUUECKOH popMe.
6. JlaHbl TOUHbIe TpUrOHOMeTpHrueckue Gpopmyibl A riaBHbIX GR-3¢ dexToB.
7. Ilonnas sHeprus mMaccel Matepuu E u Eg — HHEPLUHOHHOI, 2I€KTpPOMarHuTHOU
¥ TPAaBUTALMOHHOM MOpoXKJIaeTcs NeHCTBHEM Ha HeE penepHoro IMOoTeHIrana
rpaBUTALMU U IBUKeHHs Matepun Beenennoii [To=c? — Ha e Maccy m mii m.
8. CKopocTh cBeTa TEOPEeTUUYECKH CTPOTO He sIBJIIeTCs aOCOMOTHOW KOHCTAHTOM,
a CBSI3aHA C pENEepPHBIM BCEIEHCKUM TPAaBUTALMOHHBIM IoTeHuaioM [l
3aBUCSILIMM OT paclpeielieHns MaTepuu BO BcelneHHOW OTHOCHTENbHO JaHHOM
MHUPOBOI TOYKH B PEAIbBHOM IIPOCTPAHCTBE-BPEMEHU.
9. CkopocTb cBeTa MoOIJIa 3HAUUTEIBHO M3MEHSTbCS B KpUTHYECKHE (ha3bl
W3MEHEHUs] MaTepUAIIBHOIO MHPA, U OHA MOXET 3aMETHO BO3pPAcTaTh B paloOHE
Ype3BbIYAfHO MACCHUBHBIX M IJIOTHBIX KOCMHYECKHX OOBEKTOB, B TOM 4YHCIIE,
OKOJIO ¥ BHYTPH TaK Ha3blBa€MbIX "UEPHBIX AbIP".
10. Teopus OtHocurensHoctr B P**! ¢ rpynmoseiM moxxomom Ilyankape ects

To4yHas Hayka, uzomop¢Has TensopHoil Tpuronomerpuu mpu v < ¢ u c=const.
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