11. TEH30P 3HEPTHH-UMNIVJIbCA

Bomnpoc o TeH3ope 3HEepTHU-UMITY/IbCa B O6IIEH TEOPHH OTHOCHTEJNb-
HOCTH BO3HHK Ha BTOPOM IHOJATOTOBHTENBHOM 3Tale CO3ZaHHUS TEo-
pun (1913—1915 rr.). B coBmecrtHoit pa6ote ¢ M. I'poccManoM
«[Ipoekt o6o6uieHHON Teopuu oTHOcHTenbHOCTH» (1913), B KOTO-
poil BNEepBbie CHCTEMAaTHUYECKH IMPHUMEHSJICSI TEH30PHBIH aHaJus3,
DHUHIITEAH, aHAJM3UDYs JBHXKEHHE HENMpPEpbIBHO pacrpeeseHHbIX
HEeCBSI3aHHBIX MAacC B MPOHM3BOJBHOM MOJIE TSKECTH, MpPELIOI0KHI,
4TO 3aKOH COXpaHEeHHsI UMIYJbCa SHEPTHH MMEeT BHJ
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rae g=|gul|; B =Py - 4~ — KOHTpABAPHAHTHBIH TEH3OP BTO-
pOro paHra OTHOCHTEJbHO NMPOH3BOJIbLHHIX npeobpasoBanuil. [Ipu o=
=1, 2, 3, u3 ypaBHeHus (1) mosyyaloT Tpu COOTHOIIEHHUSI, BBIpaXKalo-
mye 3aKOH coXpaHeHHst UMnyabca. [Ipu ¢ =4 nosyyaioT 3aKOH coXpa-
HeHHUs1 s3Hepruu. B mMaTematnueckoit yactd, HanucanHoit M. I'poccma-
HOM, /10Ka3aHa KOBapHAaHTHOCTb HAMHCAHHbIX COOTHOLUEHWH MPH U3-
BECTHBIX YCJIOBHUSIX. DUHIUTEHH MPUMUCHIBAET 3TUM COOTHOLIEHHUSIM 00-
JMacTh MPUMEHEHHs!, BHIXOASILYIO 3a MpeJesbl Cayuasi IBHXKEHHs He-
cBsi3aHHbIX Macc. OHH BBIpaXKaloT anepremqecxnn 6aJlaHC MeXAy
rpaBUTALHOHHBIM MOJIEM H J1060#1 MaTepua/abHOi cucTeMoi. TeH3opy
BTOpPOTro paHra 6,y Hajx0o NpujAaBaThb 3HaueHHe, COOTBETCTBYIOLLEe
TEH30pY JHEepPTHH-HATSXKEHUH paccmatpuBaeMoit cucreMmsbl. «[lepBas
CyMMa B YKa3aHHOM COOTHOIUEHHH COJEP2KHT IIPOCTPAHCTBEHHbIE
MPON3BOAHbIE HATSXKEHUH UJIH MJIOTHOCTH MOTOKA SHEPTHH H BpPEMEH-
Hble MPOU3BO/IHbIE UMIMYJ/IbCA MJIH MJIOTHOCTH SHEPTHH; BTOpas cyMMma
BbIpaXkaeT BJIMSIHHE T'PAaBUTALMOHHOTO MOJIS Ha MaTepHaJbHBIH MpPO-
ece» [26, cTp. 236].

[TosyuuB BbIpa:KeHHe IHEPTHUU-UMITYJbCA HJIST MaTepHaJbHBIX SIBJEHHH
B HX CBSI3H G I'DaBHTALMOHHBIM MoJeM, DHHLITEHH MEPeXOJUT K MOMCKaM
InddepeHIHaMbHBIX YpaBHEHH, OMpeJe/siolUX TIpaBHTAalHOHHOE IOJe.
Qu mosiaraet, 4To 3TH ypaBHEHWs CBSI3bIBAIOT BbILIENPHBEIEHHbIH KOHTpa-
BapHaHTHBIA TeH30p BTOporo pasra (f,y) ¢ KOHTpaBapHaHTHBIM TEH30POM
BTOpPOrO DAHTa, OOpa30BaHHBIM M3 INPOM3BOJHBIX (DYHIAMEHTaJbHOTO TeH-
3opa g (®0pv=Ty).

Hasee DUHIITEHH HAXOAHUT BRIpAKEHHE JJIsI TEH30pa SHEPTHH-HATKe-
HHMl TpaBHTalHOHHOTO mouist (Uyy), BXOAsillee B COOTHOLIEHHE, «BHIPA-
JKawllee 3aKOH COXpaHEHHs1 JJIsi TPAaBHTALlMOHHOIO I0JIST COBEPLIEHHO
TAKUM 2Ke 00pa3oM, KakuMm TeH30p 0, MaTepHasJbHOro IIpoLecca B COOT-
HOILIEHHE 3aKOHA COXpaHeHWst AJIS 3TOro mpoueccas [26, crp. 242].

TeH3op rpaBHTALUOHHOTO MOJISL SIBJSIETCS MCTOYHUKOM [10JIs1 HapaBHe
C TEH30pOM MaTepHasbHBLIX CHCTEM.

DHHIITEAH Haules, YTO COOTHOIIEHMS IJIS 3aKOHOB COXPAHEHMsl Cripa-
Be/L/IMBBI JIJIs1 BEIECTBA M T'PABUTALIOHHOTO MOJIST BMECTe B3SITBIX
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[TonyyeHHble ypaBHEHHsI MOXKHO BBIPAa3HTb W Uepe3 KOBAPHAHTHBIE
TEH30DbI.

B o6ue#i TeOpHH OTHOCHTENBHOCTH MAaTepUs Yepe3 ypaBHEHHsI
MoJisi BCerja HEpaspbiBHO CBsi3aHa C TIPaBHTALHOHHBIM MOJEM H
HeJb3sl OXKHAAaTh, YTO 3aKOHbl COXPAHEHHSI 3HEPIMH H HMIyJbca
OyayT CTPOro BBLIMOMHATICS JJSI CHCTEMbl JHIIb MaTepHaJjbHbIX
TeJ.

Bonpocel Tensopa 3HepruM-HMMyJbca TPAKTYIOTCss M B paboTax
«K coBpeMeHHOMY cocTosiHHIO MpoGaembl TsiroteHusi» (1913), «Ilo-
MOJNIHUTEIbHbIH OTBeT Ha Bompoc PeficHepa», «Teopusi rpaBHTaUUH
Hopactpema ¢ Touku 3peHust aGcomoTHOro auddepeHiransbHOro
ucuuciaenusi» (1914). B pabore «OGo6iieHHasi TeOpHsi OTHOCHTEJb-
HOCTH M Teopusi rpasurauuu» (1914) DiHmTEHH BHOBL HAaNOMH-
HaeT, YTO ypaBHEHHE
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He BbIpa)Kaer 3aKOHa coxpaHeHHS. BeliecTBo, B3siTOe OTJe/bHO, He
yIOBJIETBOPSIET 3aKOHAM COXPaHEHHs1 NMpPHU HAJUYUH TPaBHTALHOH-
HOTO MMOJIsl, TOCKOJIbKY [0JIe TSITOTEHHsI MepeiaeT BelleCTBY HMIYJIbC
u anepruio. OuenuBast paboty «PopmaJsibHble OCHOBBI O0LIEH TeOpHH
uccaepoBanusi», CMOPOAHHCKHH Nucani: «TpymAHOCTH, BO3HUKIIHE Ha
MyTH TEOPHH, B OCHOBHOM CKOHIIEHTPUPOBAJHCh Ha MOCTPOEHHH
TEH30pa SHEpTHU-UMIyJbca. DUHIITEHH BBOJUT B 3TH paboTH TO,
4TO cefyac Has3bIBAeTCsl MCEBAOTEH30POM 3JHEPTHH-MMMYJbCa TPaBH-
TALMOHHOTO MOJIsI, KOTOPbIA 06/1ajiaeT TEH30PHBIMH CBOHCTBaMH I10
OTHOLIEHHIO K JHMHEHHBIM mnpeoGpasoBaHusM. Jlumb depes rox, B
1915 r., B pabore «K o6efi TeOpHH OTHOCHTENBHOCTH» DWHIUTENH
OTKAa3bIBAETCs OT YCJOBHSI PaBEHCTBA HYJIO OGLIYHON (HEKOBapHaHT-
HOH) JNMBEepreHIHH TeH30pa SHEPTHH-HMIyJbca H NPUXOJAHUT K Bep-
HOMY ypaBHEHHIO TSTOTEHHs, H3BECTHOMY Ternepb IOJ Ha3BaHHEM
«ypaBHeHHsi D#HIITeNHA» (26, cTp. 384].

B 1916 r. B cratbe «OCHOBBI OOlLeldl TEOPHH OTHOCHTEIbHOCTHY
dinmTeliH o6pamiaercsi K GyHKuUHH ['aMHIbTOHA /151 TPaBHTALHOH-
HOro MoJisl C LeJbl0 MOKasaTb COOTBETCTBHE YpPaBHEHHH MOJsi 3aKO-
HaM COXpPAHEHHsI UMIyJbCa U 3HEPTHH.

Y paBHeHHs T10JIs1

8 ([Hdv} =0,
= g™ Typ T, V—g=1. )

Ha rpannuax paccmaTpiBaemoil OrpaHHYeHHOH YeTbIpeXxMepHOi 06/1acTH
WHTErPHPOBAHMs BapHAllWM pPaBHbl Hymo. Brinommus Bapuauuu B (4),
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TI0JIy4UM CHCTEMY YpaBHeHHH
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Sra cucTeMa ypaBHEHHH SKBHBAJEHTHA CHCTEME ypaBHEHHil IJi cBOGO.-
HOT'O OT MaTepuu [OJIs:
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[IpousBenst psii HECNOXHBIX NMpeoGpa3oBaHUH, DUHIITEHH MOJY-
YHMJI U3BECTHOE BblpaXkeHHe [JIsi 3aKOHA COXPAHEHHS IHEPTHH-HUM-
MmyJibCa [JIsi TPABUTALMOHHOTO MOJIsI, CIpaBe/lJIuBOe JJs1 BCEX KOOp-
JUHATHBIX CHCTEM, Yy KOTOPBIX YV —=g=1.

HMuterpupoBanue ypaBHeHusi (7) IO TpeXMEPHOMY OGBbeMy gaer
yeTbipe ypaBHEHUs

d
a{(its v} = ( toay + tioa + fias)ds, ©
rle @, Q, Q3 — HanpaBJsOLHe KOCHHYCHl BHYTpDEHHEH HOpMaJH K

3JIEMEHTY IOBEPXHOCTH.
BMmecto ypaBHeHusi (6) uMeeM

g, @i = —x (61— 8%¢), V=g=1 (10)
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B o6uiem Bune B ypaBHeHHe (10) BMecCTO KOMIOHEHTa 3HEpPTHH
TPaBUTALIHOHHOTO MOJISI HAaJ0 NMOACTaBUTb CYMMY KOMIOHEHT TEH30-
pa sHeprud MaTepuu M TPaBHTaLHOHHOro mnoJs. lasee, DiuHuITeln
JI0Ka3an, YTo W3 ypaBHEHH# TIDaBHTALHOHHOIO MOJS CJEAyeT, UTO
3aKOHbl COXPAHEHHsI SHEPTUH-UMIYJbCA BHIMOJHSIIOTCS:

[0} (1]
Ut g (11)
0xg

Ananusupysi cospaBuieecsi K TOMy BpeMeHH moJoxenue, [layiu
¢ 6oJbIIOA MPOHHLIATENbHOCTbIO nucas: «IIpu Gosee Gan3KoMm pac-
CMOTPEHHH MMOABAAIOTCS, OAHAKO, GOJIBLIME 3aTPyLHEHHs], NPOTHBO-
CTOsille BHAayaJje MOAOOGHOMY NOHMMaHHI0. B koHeuHOM cuere 3TH
3aTPYJAHEHHS] NPOMUCTEKAIOT H3-3a TOTO, YTO BEJHUHHHI I He o6Gpa-
3YIOT TeH30pa,

ITocKoJbKY 3TH BeHYHHBI HE COAEPXKAT MPOU3BOAHBIX OT Zik
Bbillle NIEPBOr0 MOPs/JKa, MOXKHO Cpa3y 3aK/IOUHTb, YTO NPH MOAXO-
JsmeM Bbl6Ope KOOPAMHAT (B reoje3uyeckoil CHCTEMe OTCYETa) OHHU
MOTYT OBbITb CAEJNaHbl PABHBLIMHM HYJIO B JI000 3agaHHO#l MHPOBOH
Touke» [94, crp. 255]. Illpeauurep Hamies, YTO AJsT MHOJST MaTe-
pHasIbHON TOYKH, COBINAJAIOIIEro C MOJEM XKHJKOro Iapa BO BHelI-
HEM MpPOCTPAHCTBE, BCe KOMIOHEHTH SHEpruH o6pauialoTcsi B HYJIb.
Bayep ykaszaJj, uTo ecjid BBECTH MOJISIpHBIE KOOPJUHATHI B JIMHEHHBIH
9JIEMEHT CMEeNHaJbHOH TEOPUH, TO KKOMIOHEHTHl JHEPrHH MPUHHMA-
10T 3HaYyeHUs, OTIIHYHbIE OT HYJIS, U [PH 3TOM IOJIHASI SHEPTHS AaXKe
CecKoHeuHay.

JleBu-UuButa u JlopeHu npenoXHUIAH KOMIOHEHTaMH SHEpPruH

rpaBUTAHOHHOI'O MOJA C‘{I/ITaTb;Gug. JleBu-UuBHTa 3amMchiBaeT
YpaBHEHHUA TPAaBUTALUOHHOIO NOJA B BHIAE
Tim+ Aim =0, (12)

rne T;,— TeH30p 3Hepruu matepuu; Aj,— KOBapHAHTHBHIN TEH30p,
3aBUCSLINY OT KOMIOHEHT guv # OT HX IePBLIX JABYX NPOM3BOLHBIX
1o KoopjauHataM; Ay, paccMaTpHUBAIOTCS KaK KOMIIOHEHTHI TeH30pa
SHEpruH TpaBUTAUUOHHOrO moJsi. Bospaxas Jlesu-Uusura, DiiH-
IITeAH OTMETHJ, YTO BBIABHHYTHb JOTHYECKOe BO3paxKeHHe MPOTHB
€ro HaMMEHOBaHHs HeJb3si, HO U3 ypaBHeHUs Tim+A;n=0 Hembss
BBIBECTH TaKHX CJIEJICTBHIH, KaK U3 3aKOHOB coxpaHeHusi. I[Ipu Takom
onpejeNeHHH TPAaBUTALMOHHOA 3HEPTHH MOJHAs SHEPrus 3aMKHY-
TOH CHCTEMHI BCerja paBHa HY.JIO.

B 1918 r. D#HIUTEHlH NMOCBATHJ 3THM BONPOCAM CIELHAJbHYIO
CTaThlO MOJ Ha3BaHHEM «3aKOH COXpPAHEHHs SHEPrHM B 06Iiefl Teo-
PHH OTHOCHTENBHOCTH». DUHUIITEHH OTMeYaeT, uTo B CBOell nepBOHa-
4asnbHOH (GOpMe 3aKOH COXPAHEHHsI SHEPrHH, KaK U 3aKOH coXpaHe-
"HUSL MMOYJbCa, SIBJSJICS HHTErpaJbHbBIM 3akKoHoM. CrenualbHas
TEOpHUsI OTHOCUTENBHOCTH OOBEAMHSA 3aKOH COXPAHEHHST 3HEPTHH
i HMIy/AbCa B eQHHBIA JAHDOdEepeHlHalbHbIH 3aKoU. DTOT 3aKOH
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Bhipajkaer obpauleHHe B Hy/db [JHBepreHUHWH TeH30pa IHEPrui.

o ., v 1
Oumiutein oueHusaer ypasuenne(Tq - V= — TeH30p 3HEepruu
«MaTEpHHU»).
BT; 1 —
uwv
ox,, i Egu Tuw =0

KaK pasyMHoOe, C¢ (pOopMasbHOH TOUKH 3DEHHs], MNEpeHEeCeHHEe ITOLO
3aKOHa Ha OOILYI0 TEOPHIO OTHOCHUTENbHOCTH. «C (hU3MUECKON TOYKH
3peHusl,— muumer DUHIUTEHH,— 3TO ypPaBHEHHe He MOXKET paccMmar-
pUBaTbCA KAaK MOJHOLEHHBI 3SKBHBAJIEHT 34KOHOB COXPAHEHHSI
HMIYJIbCa U SHEPrHH, NOCKOJBKY €My He COOTBETCTBYIOT MHTErpaJb-
Hble COOTHOILEHHsI, KOTOPbIe MOIVIH Obl OBbITh MCTOJNKOBAHBl KaK 3a-
KOHBI COXDaHEeHHsi MMIyJbca ¥ 3HepruH... ONbIT BBHIHYXKJAaeT Hac
HUCKaTb TaKo#l AH(GepeHUHaNnbHbI 3aKOH, KOTOPbIH Obll Gbl 3KBH-
BaJIEHTEH UHTE2PAAbHbIM 3aKOHAM COXPAHEHHsI MMIyJbca H 3SHEp-
ruu» [26, ctp. 651]. pyras ¢opmyaupoBka

out
ox,

v
rie U}, = T+ t5, BCTpeTW/a BO3pakeHus, NOCKOMbKY Us U f5 He
ABASIOTCS  TeH30paMH. YueHble, HampuMep Bayep, mopuepKHBaioT, «uTO
B HEKOTODLIX C/IYYasix MyTeM COOTBETCTBYIOLIErO BHIGOPa CHCTEMBI KOOD-

JHMHAT MOXKHO JOGUTbCSI OGpalleHusi B HyJb Beex Uy WAK 3a1aTb WM
OTJIMYHBIE OT HyJst 3HAaueHust. [103TOMy MOUTH BCe COMHEBAIOTCSl B ypaBHe-
uuu (a)» [26, cTp. 6561].

OTH TPYAHOCTH BBITEKAJH H3 OCOOOrO XapakTepa I'paBUTALIOHHOH
3HEPrHM, YUHTHIBAEMOH KOCBEHHO, uepe3 IMOTEHIMaJ TArOTEHHs, H Cyle-
CTBYIOT U B HACTOsILIEE BpeMsl.

Jlaugay v JIuduuil npu paccCMOTPEHMH TEH30pa JHEpPruH-HMIyJIbCa
BapbHpPYIOT HHTErpana NeHCTBHS BPUla

S=SA( )dth—-—SAdQ (1)

=0, (@)

ic

rie A — HekoTopasi QYHKLHsI OT BEJIHYHH ¢, ONpENEJSIOIMX COCTOSIHHE
CHCTEMBl W HX IPOM3BOJHBIX IO KOOpAHHATaM H BpeMeHH. BapbipoBaHue
S npuBOIHMT K Bblpa}KEHI/IIO

88 — S(g;‘ +mq%76 )dQ—

—_—%S[(‘;—géq +6_""(a(2> 6q>~6q5x—iﬁ7]d9=o.

0x; 0x;

Bropoii uneH noj 3HaKOM HMHTerpaja, npeoOpa3OBaHHbIA IO Teopeme
laycca, mpu MHTErpHpOBaHMH 1O BCEMY MPOCTPAHCTBY HCYe3aerT.
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CYyMMHpOBaHHe B (3) NPOM3BOAUTCS IO i.
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YpaBuenne 0T x/0x, = 0 yKkasplBaeT Ha COXPaHEHHE BEKTOpPa, KOMIIO-
HEHTHl KOTOPOrO paBHbl MHTErpajaM OT T IO THIEpPHOBEPXHOCTH

P, = S Ty dS. (7)

Tensop suepruu-umnymsca T, He sBisieTcss caM no ceGe CI/IMMeTpI/Il{Hb]M.
TakuM ero Hajo cienath, NpHOABHB K HEMY BBIParKeHHE 5 - lpzkz, rie P

AHTHCHMMETPHUHO 110 HMHAeKcaM k u [.

ABTOpBI NPOBOAAT APYro# Cnoco® BLIYMCJAEHHS] TEH30pa 3SHEpPruu-
HMITYJIbCa, CPa3y NMPHBOASAILIErO K MPABUIHHOMY BbIDaKEHHIO [105]. MnTe-
rpan JeACTBHsI B KPHUBOJIMHERHBIX KOODAMHATaX OHH Npeo6pasyloT OT
KOOpIAMHAT x! K KoopiuHaraMm x! -+ Ef, rae Ei— MaJjible BEJIMYHHBL.

Ha nepBom 3Tane guckyccu 06 3HEPTHH TPaBUTALHOHHOrO MOJs
yuactBoBaju JitHwrTedH, ['manbepr, Jlopenn, Jlesu-Uusura, Bayep,
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Ipenunrep, Ilayan. Ha sropom srane — Mennep, Komap, [oni-
Gepr, ®aeruep, MulKeBHY U MHOTHE ApYrue.

B 1958 r. Menjep mnpefoXui1 BHION3MEHHTb TCEBAOTEH3OP
ditnmrefiHa, B paGore «DHepris HE3aMKHYTHIX CHcTeM B ofmief
TEOPHM OTHOCHTEJIbHOCTH» OH MHCaJ, YTO TIPH COOTBETCTBYMLIEM
ONpEeJeJNeHNH IJIOTHOCTH IICeBAOTEH30pa SHEPrHH-UMIYJIbCa MOKHO
{I0JIyYHTh HHBADHAHTHOE MO OTHOLIEHHI0O K TNPOCTPAHCTBEHHBIM
npeo6pasoBAHUAM BblpaxKe€HHe /151 SHepruu KoHeuHo#t objacTu mpo-
cTpaHcTBa. OH moJsaraer, 4To NPH pacueTe MOJMHOM SHEPTHH 3aMKHY-
TOH CHCTEMbl HeT HeOOXOIHMMOCTH B KBa3HraJiHjeeBblX KOOpAMHATAX.
Tem cambim, no Mensepy, co3mpaHa OCHOBa HJ1si TPAKTOBKY 3HEPTHH
BHYTPH HE3aMKHYTBHIX CHCTEM.

B cratbe «O TeopeMax COXpaHeHHsI H KOOPAMHATHHIX CHCTEMAax
B OOIllefi TeOpUM OTHOCHUTEJNbHOCTH» TpayTMaH pacCMaTpPHBaeT 3a-
KOHBl COXpaHEHHsl B OOILEH TEOPUH OTHOCHTENbHOCTH, COGJIOfas
yc1oBHs: 1) 3aKOHBI JOMXKHBI ObITh 00I1eKOBapHAHTHBIMH, 2) MX BO3-
MOXHO copMysHpoBaTh B HHTerpasbHOH Qopme, 3) B MIOCKOM
OPOCTPAHCTBE-BPEMEHH OHM [IOJIXKHBI COBNAAAaTh C COOTBETCTBYIOUIM-
MH 3aKOHAMH CIleLlHaJIbHOH TeOpUH OTHOCHTeNbHOCTH. «Cioienys uumee
Herep, aBTOp moxaseiBaer, 4To KaXIOMy HHOUHUTE3UMAJbHOMY IBH-
JKEHHIO NPOCTPAHCTBA-BPEMEHH COOTBETCTBYET ONpeNe/eHHbI! 3aKOH
COXpaHeHHs AJsI CHCTeMbl nojie — yactuna. Obuiee YUC/I0 TAKHX 3a-
KOHOB DaBHO YMCJy HE3aBHCHMBbIX IBMIXKEHHH, [IONyCKaeMblx JaH-
HBIM TIpocTpaHCcTBOM-BpeMmeHeM. [lokKasaHo pmaJsiee, 4TO KaXAOMY
JBUXKEHHIO, OTHOCHTEJBHO KOTOPOro IoJie SIBJSIETCS HEHMHBAPHAHT-
HBIM, COOTBETCTBYET ONMH IepPBBI HHTErpaj ypaBHEHH{l NBUKEHHS
YACTHIBI. YTBEPXKIAaeTcsl, UTO TOHATHE IHEPTHUH MOXKHO ONpELeNHUTh
TOJIbKO B CTALIMOHADHOM IIPOCTPAHCTBE-BPEMEHH; B HECTALHOHAPHBIX
NPOCTPAHCTBAX-BpEMeHaX 3aKOHA COXPaHEHUS JHEPruH He CyLlecT-
ByeT...» [106].

TConpnGepr (1958) Ha ocHOBaHHM TpaHCHOPMALUOHHBIX CBOHCTB
JlaTpaH>XHaHa OTHOCHTEJNbHO MH(UHUTE3UMAaJbHBIX NPeoOpa3oBaHUi
KOOpJAHHAT BbIBEJ 3aKOHBbI COXpaHEHHSs, NOoJyueHHble DUHIITEHHOM B
pa6orax 1916 u 1918 rr. IM ucnonb30BaH «KOMIJIEKC», T. €. NICEBMO-
TEH30D CO CMEIIaHHBIMH 3HAaUKaMH [JIS 3aKOHA COXPAaHEHHs 3Hep-
rud. PaccmarpuBaercsi CBSI3b MEXAY 9THM ICEBLOTEH30POM H CHM-
METPDHYHBIM TICEBIOTEH30pOM, BBeJdeHHbIM Jlaugay u Jludmmu-
uem {107].

H. Muukesuy nokasaJ, Kak MOXHO ITOJIyYHTb 3aKOHbl COXpaHe-
HMSl, MCXOA5 W3 MHBAPUAHTHOCTU JarpaHxkuaHa. JlaHa Kiaaccubuka-
UHST COXpaHSIOUIMXCS BEJIHYHH IO THNAM HHQUHHTE3MMaJbHBIX Tpe-
o6pasosauuit [108].

B tom xe roxy I1. BeprmaHoMm «mo aHaJIOrHM ¢ H3BECTHOH Teope-
Mot Herep mosyueHbl 0606IIeHHble 3aKOHBl COXPAaHEHHS KaK HCTOY-
HMKM WMHBAapHAHTHOCTH BAPHALMOHHOrO HHTErpaja OTHOCHTEJIbHO
NPOM3BOJIbHBIX GECKOHEYHO MaJbix Npeo6pasoBaHHH KOOPAMHAT».
3aKoHbl 3TH CrpaBe[J/IuBBl, o Beprmany, /s Jo6oro rnoss, KOTo-
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poe onMchiBaeTcsl BeJIMYMHaMM, ob6JaajgalomumMd Gojee OOIMIMMHU
TpaHo)OPMALMOHHBIME CBO#CTBaMH, 4eM TeH30pbl. Paccmatpusaer-
csl M rpaBHUTaloHHOe moJte [109].

Komap meromom Beprmana paccmorpes BOmpoc O COXpPaHEHHH
sHepruu oco6o moapo6Ho [110]. H. B. Muukesuu u . [I. MBauenko,
nopuepkuBas HesDeKTHBHOCTL INpelJaraBUINXCSI pPaHee METOJO0B
OnpeJie/IeHHs] SHePTUH IPABHTALMOHHOIO IOJS, NMPENJIOXH/IU KBa3H-
TEH30p SHEePruu-HMIYJbCa, YTOUHAIOMHKA cyinecTsyiouue [111].

B. A. ®ox noutu yepes moJsiBeKa mocJe nepBoi paGoTH DHHIITEH-
Ha nucak: «HaJjuume rpaBHTAaUMOHHOrO TNOJS M CBSI3aHHOM C HHUM
SHEpPIrHHu NPOsIBJSAETCS, KAK Mbl 3HAa€M, B H3MEHEHHH CBOMCTB IPOCT-
paHCTBa U BpeMeHH. BrlenuTh rpaBUTALUOHHYIO HEPTHIO B BHJE
J106aBOYHBIX YJIEHOB B TE€H30pE SHEPIHMH MOXKHO TOJbBKO HCKYCCTBEH-
HO, (DHKCHPOBaB KOOPAMHATHYIO CHCTEMY U BHUJOH3MEHHB MOCTAHOB-
Ky 3aJayd, a HMEHHO DaCCMaTpPUBasl NoJIe TSATOTEHHsS KaK OBl BJIO-
JKEHHBIM B IPOCTPAHCTBO-BpeMs C (PHKCHPOBAHHBIMU CBOHCTBaMHU»
[112]. MJoGaBouHble uJieHbl, COOTBETCTBYIOIIHE I'DAaBUTALHOHHON SHED-
ruy, He 06J1afaloT CBOACTBAMH KOBaDHAHTHOCTH, BBH/y HEOJHO3HAU-
HOro BbIfOpa NPOCTpaHCTBAa ¢ (DUKCHPOBAHHBIMH CBOHCTBaMH.

I'paBUTAaUMOHHYIO 3HEPTHI0 HEJb3sl JoOKajauzoBaTh. B. A. ®ok
yKasblBaeT ellle Ha ONHY NPHUYHHY, B CHJIy KOTOPOH CHCTeMa JBHUXKY-
muxcs Macc He OyIeT H30JHPOBAHHOH B CMBIC/TEe OTHAYH 3HEPTHUU.
OTa NpHYMHA — H3JyYeHHEe CHCTeMOH 3JE€KTPOMArHHTHbBIX W TPaBH-
TAaLHOHHBIX BOJIH.

B 1959 r. Measep paccMmoTpes xapakTep BBIpaKeHHS 1Jsi KOMI-
JleKca 3JHEepPruu-MMIyJIbCa HENOCPEeNCTBEHHO M3 MaTeMaTHYeCKHX
CBOHCTB MHBAPUAHTHOCTH TEOPHH.

B 1961 r. Mesnep {113] chopmynnupoBan yc/oBusi mjsi TeH30pa
SHEepPruH-HMIyJbCa:

1) B Kaxkno#t MHPOBOH TOYKe OH ABJsAeTCS ah(PUHHONH TEH30pPHOMU
IJIOTHOCTHIO, ajre0pauyecku 3aBUCSALIEH OT METPHYECKOro TEH30pa
U ero NPOMU3BOJHBIX;

2) oH ynoBJerBOpsieT JIOKaJbHOMY 3aKOHY coxpaHeHus (ob6pa-
L[eHHe B HyJb OGBIYHOH PaCXOLHUMOCTH);

3) BpeMeHHasi KOMIIOHEHTa Ts o6pasyeT 4-MepHBI BEKTOp IO
OTHOLIEHHIO K YMCTO NPOCTPAHCTBEHHBIM NPe06pPa30BaHHUSM.

Ecan 311 yc/10BHS BBINONHAIOTCS, TO MOXKHO FOBOPHUTb O JIOKaJIH-
3auuu sHepruu. VzBecTHble (OpMBI TEH30pa HEPTHHU-UMITYJbca He
yIOBJIETBOPSIIOT NPUBEAEHHbIM ycaoBHsM. Ilosiarasi, 4to TakoH TeH-
30p BoOGLIe MOCTPOUTH Hesb3si, MeaJiep pemraet npo6JjaeMy JoKaJu-
3allUd TPaBHTAUHOHHOH HEPTHH OTPHLATEJbHO.

Jns sHepreTHYeckoil XapaKTEPUCTHKH TPaBHUTALMOHHOrO MOJS
npejsaraercs HCNOJAb30BaTb 4-MepHbIAl BEKTOP IVIOTHOCTH TNOTOKA
9HEepruu.

B 1965 r. M. ®. IIInpokoB KaTO H3JIOXKHJI CBOIO TOUKY 3PEHHs IO
BOIIPOCY OO 3HEPTHH M MMITyJIbCE€ T'DABHTAlMOHHOTO NOJSA B OOLell Teo-
pun  ortHocurembHocTH. On mucam: «Cama no ceGe ofuias Teopus
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OTHOCHTEJIbHOCTH SIBJISIETCS TEOMETPHUECKHM YUEeHHEM O 3aBHCHMOCTH CBOHQTB
MPOCTPAHCTBA M BPeMEHH OT MaTepHd H ee [BHXKEHUS H He COIEpHKHT
KaKHX-JU60 TpefCTaBNeHUl O TPaBUTALMOHHBIX CHJIAX, SHEPrUU-UMITY/IbCE
rpaBUTaliOHHOTO moJg ¥ T. I.» [114, crp. 18]. Kak rpaBuTanuopHbie
CHJIbI, TaK M TEH30p MMIY/bCAa TPABUTALMOHHOTO mosisi MV ecTb HcKyc-
CTBEHHBIH ITPHEM HCTOJIKOBAHHSI KPMBH3HBEI NPOCTPAHCTBA-BpeMeHH PuMaHa
«Ha s3bIKE CWJI U SHEPrHi, [AEHCTBYIOMIMX B BOOOpaXKAaeMOM IIJIOCKOM
npoCTpaHCTBe-BpeMenu» . [lostomy #*V KoBapHaHTEH JHMUIL MO OTHOIIE-
HMIO JIMHEHHBIX Npeo6pa3oBaHUil KOOPAMHAT.

B o6uiefi TeOpUH OTHOCHTEJBHOCTH HMEIOT MECTO JIHIIb JIOKAaJbHBIE
sakoHbl coxpanenusi (T*), =0 (T"" — TeHsop sHepruMm MaTepuH Bcex
4acTHI, U TnoJed).

«OO0eKoBapHaHTHbIE UHTErpajbHble 3aKOHBl COXpaHEHUsT B OOMIed
TEOPUH OTHOCHTEJBHOCTH HMEIOT CMBIC JIHLIb JAJIsi OGJMAcTeil MpOCTpaH-
CTBA C TaJILIeeBCKUMH YC/IOBUAMH Ha OeckoHeuHocTtH» [114, ctp. 18].

Tensop #*V nosBosisieT 3aMeHSITb OGBEMHOE MPOCTPAHCTBEHHOE HHTE-
pHpOBaHHe HHTErPUPOBAHMEM MO IIOBEPXHO CTH.

HekoTopsle yueHsle npenJarajy npuaaTb obuieil TEOPUH OTHOCH-
TEJTbHOCTH «M3JI0XKEHHEe TUMA KaHOHHueckoro dopmanusma» H 0OpH
NMOMOILIU TAaKoro opmanu3Ma MCKaTb METONBl ONpENesNeHUst SHEPTUH
(Oupak, ITupaun, Beprman, MuukeBuu u n1p.).Bens, JInxueposuu
M 1p. NPEJIOXKHIN paccMaTpHBaTb TEH30Pbl GoJiee BBHICOKOIH BaJseHT-
HoctH. [Tupauu, Ilerpos, JleBauios, PognueB u ap. Npemouau
NPUMEHUTb (POPMYJIHPOBKY, OCHOBAHHYIO Ha YNOTPeOJEeHUH HEroJo-
HOMHBIX CHCTeM KOOpAMHAT.

[Mannerpunn [115], omupasice Ha paGoty Messepa, YTOUHHUI
HEKOTOpBIe BONPOCHI, OTHOCSILIMECST K BEKTOPY IOJHOH SHEPTHH-UM-
IyJbca B 3aMKHYTOIl CHCTEME.

Messiep nokasaJj, uto HEBO3MOXHO NOCTPOMTb TEH30p, yHOBJET-
BOPAIOIIMI UYETBIpEM YCJIOBUSAM:

1. 65 () B Kaxzmoii Touke x” NO/DKEH GHITb TEH3OPOM H ajreGpaH-
YeCKH 3aBHCETb OT g U UX IPOH3BOLHBIX.

2. 6%, =0.

3. DHeprus-UMnysabCc CHCTeMbl, oOnpefenseMas Kak P; = SO% d3x,

IO/DKHA BecTH ce6s Kak 4-BEKTOD OTHOCHTEJbHO —peoOpa3oBaHuH
JlopeHua.

4. 03 u 07 (=1, 2, 3) IOMKHH GbITb COOTBETCTBEHHO CKAJAPOM H
TEH30POM OTHOCHTEJIBHO TpYNMbl YHCTO IPOCTPAHCTBEHHBIX Mpeo6paso-
BaHui. Yonosus 1, 2,4 win 1, 2, 3 0ZHO3HAYHO MPUBOLSIT K HE COBMa-
JaliuM Ipyr ¢ ApyroMm TensopaM. OH mosaraer, 4to Bce MOXeT OHIThb
COrJIacoBaHO, €C/JH BMECTO P; BBECTH BENHYMHY

" —_—
P; = 3 9?/1/— g Yedo,
[
rle Y — eIMHUYHBIA BEKTOp, TaHIeHUMAJIbHBIH Xx* B CHCTeMe MOKOf;
g = det {gix}; 0—3-mepHas noBepxHOCTb, OPTOrOHA/IbHAS K 7.
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