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HPEINCJIOBUE PENAKTOPOB IIEPEBOJJA
K TPETLEMY H3JAHHIO

B cBasm ¢ Tem 4TO BTOpOe pyCccKOoe m3famme KAMIA [(aB-
HO Pasomuioch, pefiaknua pemuna ony0JI@KoBaTH HacTosllee
TpeTbe H3fagme. TeKCT 3aROBO OPOCMOTPeR H YCTPaHEHSHI
HEeKOTOpHle 3aMedeHHEle omedarxd, Kpome Toro, moGamieHa
HOBas auTeparypa (cooTBercrByiomme fAofaBleEdma OTMeEYe-
HEl [ByMs 3Be3f0IKaMi),

CentaGps 1989 1. B. JI. T'unuabype, B. II. @poaos

MPENCJIOBHE PEJAKTOPOB IIEPEBOJIA

Kaura B. Ilaynm «Teopns ormocmTenbHOCTH» NOABHIACH
sunepsele B 1921 r. na memenwom asmike (Pauli W. Relativi-
tatstheorie) B Buge crathm B Enzyklopddie der mathema-
tischen Wissenschaften (Band V, Helf 1V, Art. 19, 1921),
a 3aTeM BHIILIA U OTJAeAbELIM m3pgammeM. Hamra mpmeagie-
JRUT K YHCAY MAyvmuX u HauGonee w3BeCTHBIX MoHorpadmii
no Teopum oTHocuTenabHOCTH. Ke Heab3a cuMTaTh yCTapes-
meil W B HacToAL(ee BpeMs, TeM Ooxee, 9TO HJiA AHIIBHCKO-
ro m3ganma kmurn (Theory of Relativity, Pergamon Press,
1958) B. Ilaynm manmcan neaslii psg npoMeyasni m dak-
tudeckn pomonsenuii. IIpm onmenke KHuUry Heab3s, KOHETHO,
npoiiTy m MEMO Toro (paKTa, 4TO ee ABTOP NPHHAJIEKAT K
qpcay KpyoHeilmmnX (U3MKOB-TEOPETHKOB HAlDero BeKa H,
caef0BaTeNbHo, ero TPAKTOBKA M MHenue o mpoGiaeMax Teo-
permueckoii QuanKu NPeACTABIAIT ocofblil mETepec ¥),

*) Tpyaut Boabramra Iaynm (25 ampens 1900 r.— 15 mexaGpsa
4958 r.) Do kBamTOBOil TeopHmm M3JAHHI B ABYX TOMax B cepum «Humxac-
caka ecrectBosHanuay (M.: Hayxa, 1975, 1877). Kpoue Toro, y mac
6oite ma3gaEs: cOopEmk crareit B. Ilaynm «Qusmueckne owepkmy» (M.:
Hayxka, 1975) u mocBamienBwiii mamsaru B. Tlayam cGopeax crareil
«Teopermaeckan ¢usnxa XX sexa» (M.: Msp-so mmoctp. amr, 1962),
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Pyceruit nepesox xuuru B. Ilayan, seimosueHnblil ¢ He-
MerKoro usnanus, onia ouydmuxosan B 1947 r. (Hayau B.
Teopust ormocureasnoctu,— M.; JI.: OTW3, I'TTH). Iipu
srom raaest I, III, IV » V 6wura mepesegesst B. JI. T'uma-
oyprom (3a mckmtouenumeMm § 65, mepeeemennoro 3. I'. Ama-
anamsuau) u raasa 11 mepesemena JI. M. Jlesuubim. [lusa
nacroamero uspasua B. II. @poxos mposepmam Bech TeKCT
10 AHIJIMHCKOMY HBJAHUIO, & TAKKe I[epeBell OPeTUCIOBUSA
u Bce sHecedusle B. Ilaynm momonnennsa ®W OpHMedYaHNA
(kpome pononmenmit 19 m 23, nepeBefeHHBIX paHee RS
YIIOMAHYTOH BBHIIG B DPUMeYaHMH KHUrA «TeopeTmdyeckas
¢uszura XX Berar).

Co BpeMeHM NOOrOTOBKA AHIIHHICKOrO W3JAHNAA KHATD
OPOILIO 94eTBepPTh BeKa. 3a 3T0 BpeMsd, €CTeCTBeHHO, OBLIO
BBIIOJHEHO OrpPOMHOEe THCio pafor, MNOCBAMIEEHBIX TEOPUM
OTHOCHTEIBHOCTH, M IIONYUeH pPAN CYIUIeCTBeHHBIX De3ylbTa-
108. PeaxkTopsl KHUTH CYHTAJH, ONHAKO, HEYMECTHHIM Je-
JaTh MHOTO HpHMedasnmil K Kjaccuueckoit xmwmre B. Ilaynm.
ITosToMy MBI OrpaEMYMINCH JHUIIb CCBUIKAMH HAa COOTBETCT-
BYIIIYIO JNTEPaTypy, B OCHOBHOM, Ha PYCCKOM f3bike (OT-
MEYeHHYI0 3Be3J04Koil), & Tak;ke HeMHOIMMHO 3aMeYaHHAMI.

B cooTBercTBHm ¢ HeMEIKHM ¥ AQHTIMICKAM M3ZaHUAMMN
cCBUIKN Ha (PyHTAMEHTAJbHbIE CTATHH, y4eOHAKU M MOHOrpa-
¢un, paborsl Ho clequalbHLIM BompocaM u paboTsl (hmio-
copckoro xapaxrepa moMmemtessl B pasmenax I—IV mepen
yurupyemMoii sureparypoif. CChUIKE Ha COOTRETCTBYHOMYIO
JAUTEpaTypy, Ko0aBAEHHYI B 3TH pa3fesabl pPefaKTOpaMu Iie-
peBofia, BHILNAMAT ciegyomum obpasoMm: manpumep, [I1.5*]
osuauaer paboty O u3 pazgena II.

Mp BHameemcs, YT0 BHAAIOIIAACA IO CBOEM KadecTBa
kaura B. [Maymnu, manmcammas oxoino 60 nmer masag m yme
Gonee dem Ha 20 JeT Depe)RUBINAA CBOEro aBTOPA, MOCHY-
UT eIe He OJHOMY INOKOJeHHI0 (PM3HUKOB M AacTPOHOMOB.
Takoit cynpbe MosceT mosaBEAOBaTh nmiobasg HayYHag KHHTA,

Ampens 1981 r. B. JI. Tunséype, B. II. ®poaoe



NPEJNCJIOBUE A. 30MMEPOEJIBIA
K HEMEIIKOMY U3JJAHNIO KHUTN

Beuny Toit sBHO HeyA0BIETBOPEHHOH MOTPefHOCTH, KOTO-
pas WCOLITHIBAETCA B JHTEPAType OO TEOPHH OTHOCUTEILHO-
CTH KaK MONyJApPHOH, Tak M clenuajibHON, ocobenno B [ep-
MaHAW, # c9ed HeoOXOAMMEBIM IIOCOBETOBATH M3ATENAM BHI-
OYCTHTh B BHJE OTXEJbHOH KHOTH BEJHRKONEOHYIO CTAThI0
rocnopvaa B. Ilaymm (mmagmiero), KoTopag OOABHANACH
B IIATOM TOMe OJHUUKIONEIHE MaTeMATHYeCKHX HAayK. XoTd
rocuoofgun Ilaynm B To Bpema eme OBUI CTYHCHTOM, OH OBLI
3HaKoM OJarogaps CBOMM HCCJHeOBAHNAM HE TOJBKO C Ca-
MBIME CJOJKHBIMH BOIIPOCAMHU TEOPMHM OTHOCHUTEJBHOCTH, HO U
OOJMHOCTHIO 3HAJ JHTEPATYPy 10 3TOMY HpPeaMeTy.

Ilo cBoemy mocTpoenmio ata craThbg OBITa CHEOEANBHO
npennasnadena gaa MareMarmdaeckofi | SHIVKIONERHH.
B »sToM oThensnoM m3TAHMN, KOHEYHO, OCTRANUCh HEKOTOphIe
CCBUIKM Ha paHee MOABHBINMECA B PHIUKIOOEAWE CTaThH, HO
3TO, OJHAKO, BPAX JHU BBI30BeT B3ATPYAHEHHA y UUTATelA.
Onuoii W3 HUX, B YaCTHOCTH, SIBAAETCA CCHIIKA HA CTATLIO
Jlopenna mo paeKTpOHHOI Teopumm, KOTOpag B CBOEH HOCIHeH-
Hefl 9acTH Ope/BeliaeT TEOpHIO AeOPMUPYEMOro DHIEKTPOHA
M [OBTOMY caMa ABJAAETCA BeXoi Ha OYTH CO3JaHUA Teo-
puH OTHOCHTEJALHOCTI. B COOTBETCTBHIIl ¢ OGULHIM Xapaxre-
POM DBHNHUKIONEZNN MaTeMaTWIecKue COOTHOLIIEHWS Npe-
craBiensl B caMmoMm ofmrem, alcrpaxTHoM Bupge. B ocobenno-
cTa sT0 Kacaercsa dactu Il B KOTOpOIl HMCHONB3YIOTCA Mare-
MaTHYeCKHil amrnapar TeopHH WHBADUAHTOB W MHOTOMEPHBIE
mpocrpascTea. B To Ke BpeMs, BBHAY I€JIM 3TOrO CHEnUaNb-
HOTO TOMA, IOCBAIMIEHHOro (u3WKe, HA MePBOM OJlade HAX0-
garca gusmuecKHme NPWIOKERHMS A YAENACTCH HONMKHOE BHH-
MaHENEe BOIPOCAaM BO3MOMKHOH BKCIEDPUMMEHTANBHON NPOBEpHKH
Teopur. Tax, B wacrm 1 manmaraercs BapmaHT Teopum, Ipef-
noxenHol PurTmeM, m copmepKuTca KDPHTUYECKHE pasbop
9TO}f TeopuH, OCHOBAHHLIM Ha BKCHEPUMEHTANbHBIX TAHHBLIX
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M DpOBeJeEHLI ¢ Tako# TmATenbAOCTHIO I rayémaoit, Koro-
PHEle OTBEYAIOT POJM CO3JaTeds 3Toil Teopmu.

Ilo cBoell WcyepnriBarOmeR MONHOTE ABANW3 HKCIEPUMEH-
TAABHHIX JAHHEIX, IpefcTaBIeERbli B macroameidl pabore,
OTJIMYAET ee OT M3BECTHOrO M3JAOMKEHHS TEOPWHE HPOCTPAHCT-
Ba-BpeMern Beiina. Iennio mocinemmero 6u10 BHIPas@Th OL-
peleseHARIe B3TAAAB caMoro Deiinsa, HeCKONbKO OTIAHIBEIC
OT B3rAAAOB OHmmTeiina. B pociengmeii wacrm kumrm Iaymn
CONEIRUTCA KpUTHYecKAd amanma Teopmm Beling m maei
Mn, passmsatomero 8ty Teopnio. C Apyrofl cTOPOHEI, CTAThSI
Ilaynm oramdaercs or yue6nmka Jlays TeMm, 910 B Hel HOKa-
3aTeJLCTBA HE NPHUBOAATCA TMOJHOCTHIO, a JHINb YKA3LIBAIOT-
ca @X manbojee cymecTBemmble MOMeHTH. IlosTomy Mare-
puan, momasmni B yuyeGmuk Jlays, ecrecTBeHHBIM 00pasom
orpaHUYeH, B TO BPEMA Kak crarba Ilaynm ocBemaer Bce
nambojsee BasKEBI® PaGOTHI MO TEOPHA OTHOCHTEJNHLHOCTH, KO-
Topele moapmauchk K komnmy 1920 r. Boxee Toro, Bo Mmormx
pasfexax CTaTeM m3jxaraeTca Takme coGCTBeRHOe MHeHHe
aBTOpa IO 00CYIKAaeMBIM BOIpOCAM.

Cnepmyer mameaTscd, 4TO 3Ta KHAra CTaHET IONE3HEIM JO-
mojJHeHAeM K mMelomeiicA AmTEpaType OO TeOpWA OTHOCH-
TeJbHOCTH W IOMOKeT KaK (PH3MKaM, TaK #W MAaTeMaTHKaM
rayGiKke OOEATH BTY TEOpUIO.

Mwonxen, 30 mona 1921 r, A. Bommepgpeand



TPEQUCJIOBHE BOJbLOTAHTA ITAYJIH.
K AHINIHICROMY H3JAHUIO

Tpuanars OATH JNeT Hasa[ 8T& CTAThf [0 TEOPHHE OTHOCH-
TeJabAOCTH, HAUWCAHHAA MHOK B BO3PacTe ABAALUATE ORHOrO
roga ana Martemarnueckoll SEOuUKIOmennmum, Obila BOEPBEHIL
OHyGJIIzIKOBaHa B BHUAe orfexasmoit Kmmrm Ilpegmeaosue
K Hell manmcan 3ommepdenn), KOTOpHIE ObII pPefaKTOPOM
8TOr0 TOMa JHIEKJIOHEAWH M B KavecTBe peJaKropa oTBedan
aa Moo pabory.

Ileas crarsu cocTosiia B TOM, 9T0GH AaTh HmOJNHEIE 0030p
Beell AUTepaTyps! IG TeOPHH OTHOCHTEIBHOCTH, KOTOpag cy-
meersosana B To BpeMa (8 1921 r.). G rex mop ameao myo-
NEKAOUE 0O TEOPHH OTEOCHTENBHOCTH: Y4eGHHKOB, KORIAKOB
W cTareil, HempepsIBHO POCJIO, ITOT HOTOK paGoT ocobeHHO
yemamics B 1955 r., Korja mpasgHOBAJICA NATHAECATEIAETHHH
fo0miell IepBEHIX paGOT difiamreilEa 0O TeOpAH OTHOCHTEND-
HOCTH, B TOT CAMBEIi roa, Korga Bce dmamrm ckopbmiam o ero
CMepTH.

B raxoif cmryanmm mnpmmiiock cpasy ke or8pocmTs
MBICAB O TOM, 4TOOBI B HOBOM, NepepaloTaEHOM, HBJAHHU
OTPa3uUTh BCI0 MOABUBINYIOCH K HACTOAINEMY BPEMEHH JIUTe-
parypy mo pamsoit Teme. IlosToMy s pemui coxpaEHTH Xa-
PAKTED KHHUI@, KOTOPasg SBIAETCH CBOEro pofa HCTOpHYe-
CKUM NOKYMEHTOM, M epeleyararh CTAPBIA TEKCT B ero mep-
BOHATAJbHOM BHje, cHalA®WB ero, OJHAKO, DPAAOM [pEMeua-
HE#fl, JTH OpuUMEYAHUA IOMELIeHbl B KOHIE KHHTH K Kacalor-
¢ HEKOTODHIX YTBEDMKAEHMH M3 OCHOBHOrO TeKcTa. B BOX
quTaTelNb BAleT OCHOBHbIE CBeJeHNA O JalibHelimeM pasBH-
THE TEOPHE OTHOCHTEJIBHOCTH, A TaKie M3IOMKeHHe Moed
TOYKA 3peHis HA OTJelNbHEIE HepelIeHHEIe BOIPOCEHL

B ocobenunoctu B mocaemHeM uW3 3THX NpUMedaHH, mo-
CBALIEHHOM eJMHBIM TeOPUAM IOJA, A He CKPBIBAK OT 4YHATA-~
TeJA CBOEr0 CKENTHIM3MA OTHOCHTENBHO UQOBITOK TAKOro
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poja, chemamfbIX o0 CHX IOp, W OTHOCHTENLEQ BO3MOHRHEIX
IDAHCOB HA ycmoeX IOXOOHBIX TeOpHil.

-OTH TpobIeMEl TECHO cBA3ZAaHBI ¢ BompocoM o6 ofiacTm
NMPIMEHUMOCTH HOHATHA KIAacCHYECKOr0 HOJA B IPUIOKe-
HUN K aTOMHBIM ABNeHHAM npupogsl. Mos KpmTHKa BO3-
MORHOCTH pelleHmA 3Tofl mpobieMBl HAa KJIAacCHYeCKOM HOYTH,
KOTOpaA BBICKA3hIBAJAch B MOCIEAHEM pasfelne [epBOHA-
YaIpHOIO TeKcTa, B pedyibrare BeimonHemEoro B 1927 r.
TEOPeTHKO-M03HAaBaTeNbHOI0 aHANN3a KBAHTOBON (BOJHOBOIL)
MeXaHURu cTaja emfe Gojsee 000CHOBAHHOIL.

C npyroit cropons, caM ditmmrelir [0 KoEKA cBoelt Km3-
HH Haflesnacsa Haiitm ofimee pemrenmme sTHX mpoGieM B paM-
Kax KaaccuuecKoil Teopmm mona. Takoe pasnmume MHEHHH
OTpa)iaeT CYM[eCTBOBAHME BENUKOH HepelmeHHOl npobie-
MBI — IpOOIeMEl OTHOINEHNS TEOPUM OTHOCHTENLHOCTH W
KBaHTOBOH Teopum. Jra mpoGieMa, BePOATHO, elme Koaro 6y-
mer BoIHOBaTH u3mkoB. B wacTHOCTH, mOKa elme coBceM He
AcHA CBA3L MempQy ofmell Teopue#dl oTHOCHTEJIBHOCTH ¥
KBaHTOBOH MexaHHKOI ¥).

TTockonbky B mocaefHeM B8aMeJaEMH g NONYEPHHBAI0
pasnuuie Bo B3TIAAAX caMoro JiEMmITElHA, ¢ OXHON CTOpO-
HHI, 1 GonbpmuHCcTBA (PHBHKOB, BKIKYAs MEHSA, ¢ APYroi cro-
poHBI, HA IPoGaeMBbl, BEIXOAAIINE 34 PaMKH CHEOUAALHON I
obmeli Teopum OTHOCHTENBLHOCTH, i X0Ted OB BAKOBYHTH 9TO
OpPeJUCIOBHe NPUMHPUTENBHBIMA 3aMEYAHHAAMH O MecTe Teo-
PUH OTHOCHTEJIHLHOCTH B Pa3BUTHYM (H3HKH,

CymecTByeT TOYKa BpPeHHs, COTIACHO KOTODPOH TEOPHA OT-
BOCHTENLHOCTE 3HaMeHyeT co0oii KoHem «Kjaccmueckolr du-
BUEMY, T. e. jusuru B ctune Heioroma — Dapages — Maxke-
BeJANA C €e «JeTepMUHHCTHYecKoii» opMoll ommcamus npu-
YHAEHOCTH B HPOCTPAHCTBE M BpPeMeHW, HA CMEHY KOTOpoH
npumia HoBasg (UBUKA, ONMCHIBAIONIAA BaKOHEI IPHPOAHI
KBaHTOBOMEXaHHYeCKHM o0pas3oM. Jra ToUKa 3pPeHUA Hpef-
CTABAALTCA MHE JUIIb OTYACTH NPABUJABHOM W HE BOOJHE
OTpasKaeT TO OTPOMHOE BJHSAHHE, KOTOpOoe JUNIITEeiR, co3pa-
Tenb oOmIell TeopuE OTHOCHTENLHOCTH, OKaszanx Ha ofmui
X0 MBIIIENHA COBPEMeHHBIX (PH3HKOB,

¥) B mocaepgnue rognl ara npofiaema ofcyxpaercs ocobenno -
TencuBRO, Cpen DONYYEHOBIX 3[eCh Pe3yJbTATOB B IIEPBYIO 0u€PCib
caegyer ymoMAHYTh oOmapy:enswiit XokurroM [354*] sddexr xsaa-
TOBOTO HCHapeHus 9ePHLIX ALip. boaee moapobao o0 atoM oM. [lIL14%,
355*] m yrasammyw rtaM aureparypy. O COBPEMEHHOM COCTOAHUM UPO-
GaeMBl CUHTE3a KBAHTORON MeXamuKi # o0NIell TeOPHH OTHOCUTENLHO-
cTd cM. 0030put [356%—358%].— pureu. ped.
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Brnaromaps csoeMy smucTeMonormiecKoMy amAmH3y cliefi-
CTBU KOHEUHOCTE CKODOCTH pacmpocTpamesds csera (u,
BMECTE ¢ HUM, CKOPOCTH BCEX CHTHAJOB), COEIMAJbHAS TeO-
pHUA OTHOCHTENLHOCTH CTaJa HEePBBHIM IIAroOM Ha HYTH OTKasa
OT HAaUBHBIX HArJMAQHBIX HpejcraBienuii. B meit 6vo no-
KOHYEHO ¢ IpexcTaBieHueM o0 aQupe — rUmOTeTHIECKON
cpeie, BBOAUMOM papee [ OMICAHHA pPACOPOCTPAHEHHA
cseTa. JTO CIYYMIOCH HE TONBKO IOTOMY, 4TO TaKag cpena
OKalzajach HeHabaIogaeMol, HO TakKe W HOTOMY, YT0 B Ka-
gecTBe JJEMEHTA MaTeMaTHYIeCKoro (opMasu3Ma OHA 0Kasa-
Jach JUUIHEH, TaK KAk Hapymiaia IpHcyue dToMy ¢opma-
JIM3MY TEOPeTHKO-TPYNINOBLIE CBOKCTBA.

B o0meit Teopunm 0THOCHTENBHOCTH, GIarofaps pacimpe-
HEMI0 TPynnsl mpeobpasoBammil, Jiimlnreitmy ymaiock m3da-
BHTHCA OT IpeJacTaBJCeHHs O BBIEJICHHOCTH HHEPIUANBHEIX
CHCTEM OTCYeTa, TAK KAK 9TO IpeJCTaBieHne OKAa3aloch He-
COBMECTUMEIM ¢ TEOPETHKO-TPYNIOBEIMH CBONHCTBAMH TEOPHH.
QopMyIMPOBKAa KBAHTOBOM MeXaHHKW B €€ COBPEMEHHOM
suje Oblna 6Bl HEBO3MOJKHA Ge3 3TOro o0IMero KPUTHIECKOro
MOAXO0Na, B KOTOPOM MIPEANOYTeHWe OT[AeTCa KOHIEeNTYalb-
HOMY aHaNH3y COOTBETCTBHA MEIKAY ODKCHEPUMEATAIbHBIMA
NAaHELIMA ¥ MaTeMATHYCCKAMH BeJIMIAHAMEH B (OpMaamaMe
TEOpHH Iepe] HAWBHBIMI HATIANHBIME [PeNCTaBICHHAMH.
Amanu3 caencTBuil KOHETHOCTH KBaHTA JNEHCTBHSA B KBAHTO-
BOl Teopum, ¢ mpucymeill el «JOMOJIHHTEIBHOCTBIO», eINe
nanpIle YBOZUT Hac oT marasgmocTd. Ha aTor pas B ;kepTBY
panuoHa’bELIM 000CHIeHEAM NPHHOCATCA KAk INOHATHE
KJIACCHTIEeCKOr0o HOJA, TAK W IOHATHE TPAeKTOPUE YAacTHI
(amexTponos) B mpocrpaHcrse u Bpemesn. W cEoBa or aTmX
OOHATHHA OTKAa3alinch HE TOJLKO MHOTOMY, 9UTO TDaeKTopAu
HeHaBII0JaeMbl, HO TAK)Ke M OOTOMY, YT0 OHH CTAJHW JHMOI-
HUMZ ¥ HapyMalT CHMMETDHIO, NPACYIIYK oflme# rpymie
npeoGpa3oBaHmii, KOTOpas JeUT B OCHOBE MaTeMaTmIecKo-
ro opManmsMa TeopHH.

Teopuio OTHOCHTEJHLROCTH fi PaccMaTpHBAl0 KaK IpHMeEP,
MoKa3bIBALINAA, Kak (yHAaMeHTaibHOe HAYYHOE OTKPHITHE,
AHOTVIA Jaske BONPEKH BOJe ero aBTOPA, /jaeT HAZalo HOBBHIM
MIONOTBOPHEIM HAOPABIEHHAM, Pa3BATHE KOTOPBHIX IIPOHCXO-
AT y:e 0o uX coOCTBEHHOMY LYTH.

fI npmsmarenen Mucruryry ¢yEmaMeHTaIbHBIX HCCTERO-
parnit (Institute for Advanced Study) B Ilpuucrome 3a
HpeHOCTaBHGHHYIO BO3MOXHOCTH BO BpPCMs MOETO npe6mBa-
aug taM B Havare 1956 r. manmcarh HOMOJHHTENLHEBIE
3aMeUaHusA K 9TOH KHHre.
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fI Ganaromapen mMomm KomiaeraM m3 Ilpmmcroma, ¢ KoTtoph-
M a ofcy:kpan MEOrde IpobJeMBl, OTDaKeHHEIE B 9TUX Ba-
MedYaHHusX.

fI mckpenme mpmsmartenen mokropy [[:kepapay Punny ma
Oraenenma maTemarniecKod (maurnm BupMmHreMckoro ymnu-
BEPCATETA 3a €ro IPEeBOCXOAHYIO IOMOINb B KadecTBe mepe-
BOJYAKA.

IMopnx, 18 moaGpa 1956 r,



I'’TABA I

OCHOBBI CHHEIIAJBHON TEOPUH
OTHOCHUTEJBbHOCTH

§ 1. Heropmyeckuii 0630p
(Jlopenn, Hyanrape, diinmreiin)

Wsmenennme ¢umamyecknx momATHil, BHISBAEHOE TeopHed
OTHOCATEJBHOCTH, IONCOTOBIAANOCH YyiKe [aBEo. Eme B
1887 r. @orr B opmoil m3 paGor [1], ocmoBmBasich Ha ympy-
rof Teopum cBera, moxaszaa ¥*), uro B ABWKymelica cmcreMme
KOODIHHAT MaTeMaTHYecKH yMo0HO BBOXHTH MeCTHO® Bpe-
ma t'. [Ipm aToM Hasano oTcuera BpeMenm f paccMaTphBa-
J0ch Kax JuHeHHasd (QYHKOEA TPOCTPAHCTBEHHBIX KOODAH-
HAT, B TO BPeMs KaK eJWHMIA BPEeMEHH CIHTANACH HEH3MEH-
Holl. BBegerameM MecTHOro BpeMEHW JOCTHIaJach COPABEJIH-
BOCTH BOJNHOBOTO YPaBEEHUSA

D,

1 2

t%

[N

TaKMKe H B JBHMYICHCA CHCTeMe KOOpAMHAT. JT0 yHasaHume
@orra ocraBaloch, OJHAKO, COBEPIIEHHO He3aMeYeHHBIM,
Z Jomb OomoOHEIe NpPeo0pa30BAHUA MOABJSAIOTCH CHOBA B
dyrnaMenTanpaEIXx paborax, onybamroBamEnx B 1892 =
1895 r. T'. A. Jlopenuem [2]. K dopmasbrOoMy mOREMaHHIO
yao6cTBa BBefeHNs B ABIKYINeHcs CHCTeMe MeCTHOTO Bpe-
MeHE ¢ 37ech UpnOaBIAOTCA CyU[eCTBeHHBIE (U3WIECKHE
peayabraTel, Jlopemi mokasajd, d9To HpU ydueTe [BIIKEHHA
pacumonoseHHBX B aupe aneKTponos Bee dPEKTH mepBoro
IOPAAKA OTHOCHTEABHO U/C, KOTOpbie Obuin OGHADY:KeHLI
npr HabaoNeRmAX (U — CKOPOCTh MOCTYNATeIbHOTO HBHIKe-
HYUA BeIEeCTBA, ¢ — CKOPOCTH CBETa), MOrYT OLITH KOJMYecT-
BeHHO oNycansl Teopuelt. B wacTmHocTH, Teopus o0BACHANR
OTCYTCTBMe B II€PBOM NOPSAMKe BINAHUA HA JJIEKTPOMATHHT-

*) Qopmyast Porra MONYYAOTCA W3 TPABOAAMOTO HUIKE YDaBHe-
gasa (1), ecam monokuTh ¥ = Y1 — B
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Hble ABIEHHA JBH{CHEA MaTepmu m mabmwoparens ¢ oduna-
K060l CKOPOCTBIO OTHOCHTENBHO adupa *).

Orpunarensuslii peayabrar nutepepeHIUOHHOrO ONBITa
Maiikenscona **), nocraBienHoro pana obmapysennmsa a¢-
dexra BTOpOro mOpAAKA OTHOCUTENBHO U/C, NPEJCTaBIAM,
ofuakKo, Oompmime sarpypHenua misa Teopum. Urober ycrpa-
HOTH 9TH TPYAHOCTH, Jlopern [7] m nesaBmcumo or Hero
OurmipKepany OpefmoJOMAIA, ITO Bce Teaa, ABIKYIEecH
[OCTYHNATENEHO CO CKOPOCTHI0 U, H3MEHAIOT CBOH PasMepsl.
Vmenno, 6BuI0 NMPEAMONOMKEHO, YTO B HampasjieHUU JBHKe-
HUS YMEHbINGHHE pasMepa Telaa ONPefledAeTcA MHOMKATEIeM

% V1 —v%/c? rxe % — m3MeHeHMe pasMepOB B HaUpaBIeHWH,
NePIenAKYIAPHOM K CKOPOCTH Tella; CaM0 % OCTaeTcs He-
onpefleeRHEIM. B mensax oGocmoBamua 8Toit rmmoresnt Jlo-
peHI[ YKa3eIBad HA BO3MOMKHOCTH H3MEHEHUA MONEKYISPHBIX
cUJ IpHm HocTymaTeJbHOM jBumKenmd. [leiicTBuTenbHo, ecan
TPeINONOMATh, YTO MONEKYJAH HAXOAATCA B IIONOMEHHAX
paBROBECUsA, a CHJIBI B3aUMOJeiCTBHA M)Ay HUMH HOCAT
YHCTO DNEKTPoCTATUIeCKHIl XapakTep, TO W3 TeOPHH Hemo-
CpeJICTBEHHO cjeflyeT, UTO B JBHKYLIEHCA CHCTeMe PaBHOBe-
cume HACTYIHUT TOTfA, KOLAA BCe PACCTOAHOA MeRAY 9JacTHHa-
MH B HaNpaBleHAH /[BHKEHHA COKDATATCA B OTHOIICHWH
V1 — v¥/c?, a paccroAEEmA B HampaBieHHAX, NEPOEHIHKY-
JADHBIX K CKOPOCTH TeJa, OCTAHYTCA Hen3MEHHBIMH,

JJanmee BosEWKIAa 3a7asa OpraHHYecKH BBECTH B5TO <JO-
PeHneBo COKpameHme» B TeOPHI0 M OGBACHHTH OTPUIATENb-
HBIft Pe3yNbTAaT APYTHX ONHLITOB [8], MOCTaBICHHBIX ¢ LEABIO
O0HAPYKATH BINAHNE [BUKeHNA 3eMIM HA Pasamdnbie mpo-
mecchl. 3fiech CJefyeT Ipexae Bcero ynomsaayrs Jlapmopa,

*) Bpeiic [3] u HItpaccep [4] moxasamm ommGOYHOCTH IPOTHBO-
pevamuX KaK TEOPUX OTHOCHTENLHOCTH, TaK B SNEKTPOEROH Teopum
pesyibtatos ®mso, o0HAPY:KABIIEro BARAHES JBMMERHA 3eMJIH Ea
NOBOPOT MIOCKOCTH IOJAPH3ALMA CBETa OPH €ro HAKIOHAOM NIPOXOQIK-
TeHNd 4epe3 CTEKIANHYIO NIACTAAKY. YOOMAHEM, flajee, 9TO TeopuA
Jloperna ocTaniser OTKPHTON BO3MOMHEOCTH OGHapYy;xenas sddenton
«3pEPBOro BeTpa» mEpBOro HOPAAKa Npu nomomu rpasmranmn. Hampu-
Mep, ¥ak Gnuo. ykasano Maxcsemroy, Asmikenue Connednoli cacreMsl
OTHOCHTENBHO 3(npa JMOMKHO HMETh CIEeCTBHEM NepPBOro DOPAIKa
HepaBeHcTBO BpeMeH saTMenms cuytaukos IOnmtepa. Baprom [5] (cur,
rarxe [6]) mames, ofHAKO, 9TO OK@AaeMble OWAOKA TAK e BEJUKI,
KaK caM ykasamHBIE addekr, u, TakuM obpasom, mabiofenne cmyr-
nukos IOnntepa me Moiker GHITHL TpABAEYERO JJIA pemiends BOUpoca
0 CIpaBeamBOCTH cTapoil Teopnn admpa,

*¥) Onmcarme oToro onmta ecth y Jlopesua (cMm. cratoio V, 14
B Enzyklopiidie der mathematischaften).
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goropriit eme B8 1900 r. Bnisen opmyns!, m3BecTHEIE B Ha-
cToslllee BpPeMA mof HasBamueM mnpeoOpaszosamumit Jloperma,
#, TaKuM 00pasoM, yJea Tak:Ke W3MeHeHMe MacliTaGoB Bpe-
mesn npu gemkesun [9]. B sakomwenmoit B xomme 1903 r.
o63opaoit crarse Jloperna [10] copepixarcs kpaTkme 3aMe-
"gaHysd, OKasaBUimecA B AajbHeINeM OdYeHb ILIOJOTBOPHBIMU.
JlopeBI{ OpefumooKui, YTO €CJH Macca HE3JIEeKTPOMArHATHO-
ro DPOHCXOKIEHHA TakK JKe 3aBHCHUT OT CKOPOCTH, KaK Macca
PNEKTPOMATHATHAA, TO MOKHO TEOPETHYECKH [OKa3arh, UTO
¥ OpA HAUAYAH MOJEKYJAADHOro [BUIKEHVH eXWHCTBEHHBIM
cXeJCTBHEM NOCTYNATEJBHOTO ABIDKEHHS Tejxa Oyper ymoMs-
HYTOE €ero coxpamenue. B cBasm ¢ atnM Opin OpI 00BACHEH
pesyasTar onbitoB Tpoyroma m HoGua. Kpome toro, Omux
DOMHAT BasKHBI BOOPOC O BOSMOYKHOM M3MEHEHHW OPH ABU-
seHmn pasMepoB diyexrpoma [11]. Opmaxko Bo BBejeHUN
K cBoell crarpe JlopeHI ele OpPAHIUIHKANLHO CTOHMT HA TOfi
TOUKe 3PEHHH, UYTO BCe HpOIlecchl 3aBUCAT HE TONBKO OT OT-
HOCHTEJNBHOTO JIBM/KeHNS paccMaTPUBAEMBIX Tel, HO TaKiKe
OT JBIKeHHA OTHocuTeasHo supa [12].

Mz moaxoauM Temeph K paccMOTpenmio Tpex pagor, Jlo-
perna [13], Ilyasrape [14] u Oiimmmreitma [15], B xoro-
PHIX OBIIE yCTAHOBNEHBI HOJOMKEHHS H Pas3BUTH coobpaike-
BEd, obpasylomue (QyEfaMeHT TEOPHH OTHOCHTENBHOCTH ¥).
‘B mossuBmieiics paubme ppyrux pabore Jlopenma comep-
JKATCA [0Ka3aTeJbecTBO HABAPHAHTHOCTH ypasHEesuit Maxc-
BeJJIa OTHOCHTEJAbHO HPeobpasoBaHUs KOODAMHAT BHAA

2
x'=x_x_—_vt.;; Y =ny, 7 = %z tlznt—(v/c);:
Vi-s Vi—p
(M

(B =vlc)

OpE YCJI0oBHE NORXOAAIIero BHIGOpPAa BRIPA;KeHHil AIA Hamps-
M(EHHOCTH BJEKTPUYECKOr0 M MArHHUTHOIO TONeli B IITpHXO-
BaEHON cucreme ¥¥), 9Jr10, OFHAKO, GBLUIO CTPOTO [OK23AHO
TONBKO B OTHOIIGHHN ypaBHeHHH /s mpocTpaHcTa 0e3 za-
panos. Yuemsl, coflepiRamime LIOTHOCTh 3apsAja M TOK B

*) Crarpm. [13—15] Gblim mepeBegeHBl Ha PYCCKmil A3HEK M na-
pesataekl B coopmmre «IIpmEnmn ormocmreasmocTHy (M. OIITLI,
1935).— Hpuneu, ped.

*#*) Yro6er m3 opmyn Jlapmopa m Jlopemma moayuuts (popimy-
(1), BYKHO elle 3aMeEHTh z HA ¥ — VI, TaK KaRk B HHX YiKe cje-
AaH OOBIYHBEIN Iepexo) K JBHAtYINeHca CHcTeMe, B



16 IVI I, OCHOBH CIIELHAJIBHO@A TEOPHM OTHOCHTEJIDHOCTH

mTpEXoBagHO# cmereme y Jlopemua, oTamvaloTCA OT TAaKO-
BLIX B JIBIJKYINEHCs cHCTeMe, TAK KAaK IJIOTHOCTH 3apAfa
TOK OBUIM MM He BIOJIHEe HpaBHIBHO upeobGpasoBaHnl. llo-
BrOMy OH paccMarTpuBaerT o0e CHCTEME KaK DaBHONDAaBHEI®
He BIOJHEe TOYHO, & JHIb ¢ O00JBIHMM OpuUGIM)KeHHEM.
Ilpegmonaras, uro DAERTPOH DPHM OOCTYOATEABHOM [BHKe-
HAE ucHbIThBaeT fAedopmanmio (1), a aobble CHIBI W Macchl
3aBHCAT OT CKOPOCTH TaK jKe, KAR DJIEKTDOMArHEUTHEIE CHJIIBI
n Macca, JIopeHr cMOr NOKas3aTh, YTO COKpAIEeHHE DPadMepoB
HMeeT MeCTo AJA BCEX TeJ Jaske HPH HalMINH MOJEeKYJIAp-
HOTO JBHKEHHd, a TaKe pasbACHHUTL NOPUYHEHELI OTpHIA-
TeJHLHOTO Pe3yibTaTa BCeX HB3BECTHBIX IOMKITOK 00HapyKUTbH
BIOAHEE NBH;KeHHUS 3eMIH Ha onTHdYecKme mpomeccsi. Boree
OTJAJEeHHBIM CIEICTBHEM fBJIAETCS TO, YTO Heo0X0AEMO HO-
JOXETH ¥ =1, T. e. 4T0 B HAUPABJIEHHUH, HEPIEHIUKYISAD-
HOM K [ABMIKEHHIO, PasMephl Tel He U3MEHAIOTCA, ecHH yKa-
saHEHOe O0BsAcHeHWe Boolile Bo3MomHO. Ciegyer NOKYEPK-
HYTh, 9T0 W B 370 pafoTe OPWHOUO OTHOCHTENBLHOCTH HAJIH
Jloperna ormions me 61t oueBummen. [lanee, xapakrepHa mas
HETO, B IPOTHBOMOJOKHOCTh JUHINTEHHY, NONBITKA IOHHMA-
HEA COKPAamleHWA TeJd KaK NOPHYHHHO O0YCHOBIEHHOrQ
SBIEHHSA. .

B paGore IIyasrape Goutn 3amonHens! opMadbHBE NPO-
Gexst, ocrasmmecs y Jlopesma. Ilpmumun ormocumTesbHOCTH
OB UM BBICKA3aH B KadecrTBe BceoOINEro m CTPOroro moJo-
serud. Ilockomery Ilyamkape, Kak ¥m ocTajbHEIE YHOMARY-
THIe ABTODHI, OPMHEMAeT, 4T0 ypasHeHuA MaxcBemna mas
OyCcTOTH COpaBelAdBbl, OTCIOKA BHITeKaeT TpeGoBaHWE KOBa-
PHAHTHOCTE BCeX 3aKOHOB IPHPOAH OTHOCHTEJBHO «Hpeol-
pasoBauuit Jlopemma»*). HewameHHOCTE HepUeHAUKYIAp-
HBIX K HAOPaBIEHWIO [BI)KEHHA PA3MEPOB TelJa COBEPLICHHO
eCTECTBEHHO BBITE€KaeT W3 Toro. TpeGoBaBmsa, 9To0s mpeobpa-
80BaHMA, ¢ DOMOI[BI0 KOTODPBIX OCYILECTBIAETCH NEPeXof OT
HeNOJBM/KHOM K jBmRymefica cucreme, o6pasoBeBaLd rpyn-
Iy, COAEePIKamyio B KadecTBe MOATPYNOH OOLIYHBIE CHBHrHA
cucreMbl Koopamuar. [lamee, Ilyamxape wmcmpaBum nopenme-
BBl popMysasl mpeolpasoBaHUA WIOTHOCTH 3apAfla M TOKa H,
TakEM 00pa3oM, JOCTHr LOJHON KOBADHAHTHOCTH YpaBHEHRTIl
snexTporHoil Teopmu. O TpakroBke B dT0il paGoTe BONpPOCOB
TATOTEHMA U NPHMeHEHHW MHEMOR KoopZmuarel ict Gymer
eme cxasano pmyke (cM. § 50 m 7).

*) Haszsammsa «upeoGpaszosamns Jlopenna» wu «rpynua Jlopeagay
BIePBHe QErypnpyioT mMeHHO B dT0dl padore [lyamkape,
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OcuoBBl HOBOH Teopun GHUIE JOBEeJeHHl IO H3BECTHOTO
saBepuleHnsa Jitnmreiinom. Ero paGora 1905 r. 6mmma ma-
ppaBieHa B me4aTh NOYTH OJHOBPEMEHHO ¢ coo0IMeHNeM
Ilyarkape, m Bamucan ee Jifmmreiid, me szuasm o pabore Jlo-
peana 1904 r. McecnegoBadue Ofinmireiina cOfepRAT He
TOABKO BCO CYIECTBEHHBIE De3ynbTaThl 00emX HA3BAHHBIX
pabor, HO TaK;e DpPEKAe BCEro OTpPaskaeT COBEPUIEHHO HO-
Boe m ray0Ookoe mommmasme Beeli npobaemsl. Hurxe 310 mC-
CIeOBaHUE U3JIAraeTcsa [AeTaNbHO,

§ 2. Hocrynar ornocureapHocTH

OrpunarenbHbll pesyubTaT MHOPHX ONBITOB ¥), pocras-
JeHHBIX ¢ Helbl0 00HADYIKHTH BJIHAHAE [BIGKEHWA OSeMiIu
Ha pas3janvHLIe OPOIEeCcCH NyTeM H3MeDeHHA Ha Hell camod,
MO3BOJSIET MOYTH C JOCTOBEPHOCTHIO YTBEpKAaTh NPHEOUIU-
QIBHYI0 HE3aBHCHMOCTh JIOOBIX SBIEHHAU B JABMyKymelicA ci-
cTeMe OT HOCTYmATelIbHOr0 HBWKEHHA STOH CHCTeMH B Ie-
aom (cm. mpumed. 1), Toumee MOKHO cKa3arb, YTO MMEETCH
TpoeKkpaTHo OECKOHEYHO® MHOMKECTBO **) pABHOMEDHO K
OPAMONUHEHHO ABHKYMUXCA JAPYr OTHOCHTEJNBHO ApYyra cu-
C¢TeM OTCYeTa, B KOTOPHIX BCe sSBIEHHA OPOTEKAlOT OAMHAKO-
B0o. M=ul OyneM mmsce, clefiya OiimIUTedny, Ha3bIBATh TaKUe
CHCTEMEI FajujIeeBBIMH, TaK Kark B HEX colmiofaerTcd 3aKoH
urepnur [anmumesa. IlpepcraBnserca HeyNOBJIETBOPATENb-
HBIM, 9TO He BCe CHCTeMBI paccMaTpHBAIOTCA KAK paBHO-
mpaBHbIE WA, D0 MeHbIIeH Mepe, 4TO OTCYTCTBYeT JOrH4Ye-
cxkoe 0o0OCHOBaHHE A BHIJeJeHUA ONpPeJe]eHHOr0 ceMeiicr-
Ba cHCTeM. JTOT HEHOCTaTOK YCTpaHeH B o6ujell TEODHE OT-
gocuteabsocTn (cM. rir. 1V). Ilora e MbI JOMKHBI OTpaHM-
YNTHCA TaJHJIEeBLIMA CHCTEMaM® OTcuera, T. 6. OTHOCH-
TeJILHOCTPI0 [PE pPABHOMEDHOM H ODPAMOIMHEHHOM [IBH-
JKeHOH,

Ilocrymar oTHOCHTeNbHOCTH ycTpamaer m3 (Pu3WYECKHX
treopuil a¢mp, paccMaTpuBaeMBIA B KadecTse cybcranyuu.

*) Kpome [8] ykasmem ma uoBTOpeRHe omnita Maiikenncoma [16]
(cM. TaxKe auckyccuio [17]), ONBITH ANA YCTAaHOBJIGHNA [BOHHOrO
JysenpesoMienus, oGazagporo gemikenmo 3eman [18]; ommT gas ye-
TAHOBJEHHA H3MEHEeHUs BNeKTPHYECKOro CONPOTHBJICHHA LPOBOJOKH B
3aBECHMOCTH OT €0 ODUEHTAlUl OTHOCHTEJHHO HANPABJICHUA ABWEBAA
3emam [19]. O6 sxcoepuMeHTaNBEBIX OCHOBAHHAX CHEIBANBHOR TCO-
PEE OTHOCUTEIBHOCTH CM. Tarme ofsop [20].

*¥) Mrur oTBlieKaeMCa 3[ech OT U3)ME@HEEU#l Hauala KOODAHHAT 4
BPalleENA KOOPAMHATHBIX OCEH,

2 B, Dayaz.
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HeficTBuTenbHO, He AMeeT HUKAKOLO CMbIcia TOBOPHTE O IO-
Koe WIH ABWKEHHM OTHOcATeabHO 3dupa, ecid OHH NPUH-
OUONaJbHO He MOTYT OBITH 0fHapysteABl ¢ HOMOLIBI0 HADIIO-
JeHHH. JTO eme MeHee CMYTUT HAC B HAcCTOAIee BpeMS,
KOT/Ia yiKe ¢ yCIeXoM CTaJd CBOJAUTH yUupyrme cBOHCTBA Ma-
TEePHA K 3JeKrpudeckuM cmnam. IImiTarsca e nocme aroro
cHOBA OOBACHATH JJIEKTPOMATHHUTHBIE ABJCHUS ¢ MOMOI[LIO
YOPYIHX CBOMCTB TUIOTeTHYECKOH cpefsl Obuio OB coBep-
menHo Hejemo *), Mexanuueckasg teopug sdupa crasa, cob-
CTBEHHO roBOp#A, H3NUIIHEH W TopMO3AMeil manbHelimee pas-
BHTHe yiKe TOrja, KOTHa ynpyrag Teopus cBera Gblia 3aMe-
HeHa dIeKTpoMarHunTHOH. B aToit mocnenmeii MarepmanbmbLi
adup Bcerga GBI Uy;KePOQUBIM TeJOM. YiKe HOCHe CO3NAHEA
TEOPHE OTHOCHTEeNbHOCTH Jitmmrein [22] mpegnosua cHOBa
BBECTH IOHATHE dUpa, PaccMaTrpUBAEMOro yiKe He KaK cyo-
CTAHONA, a JUIOb KAK COBOKYNHOCTL TeX (PU3WMYeCKHAX Beju-
Y1H, KOTOPHe JOJKHEI OBITh UPHINCAHEL MPOCTPAHCTBY, HE
samonsesHoMy Mmartepueil. IlommmaeMelii B sToM Gonee miu-
pOKOM cMbIcie 9(up HAelicTBHTEABHO CYINECTBYET, ONBAKO
cIeRyeT HOMHHUTB, YTO OH He MMEeT, KOHEYHO, HHKAKAX Me-
XaHUYECKOX CBOICTB; WHBIMH CJI0BaMH, HpocTpaHcTBo §e3
marepms He o0najfaeT TakuMu (PU3NIECKEMH XapaKTepHCTH-
KaM¥, KaX OOJIOKeHNe H CKOPOCTb.

Mosxer moxasarbes, 9TO HOCHE OTKA3a OT IpeAcTaBIeHui
00 s(upe NPHHIUI OTHOCHTENbLHOCTH CTAHOBHTCA OYEBHJCH.
Opnaxo Oonee moipo6HOe paccMOTpeHHe OOKA3LIBAET, YTO
9T0 He Tak **), JleficTBUTeNbHO, ACHO, YTO MB He MOMKEM
cOO0MUTh IOCTYNATENBHOrO ABHMREHUSA Bcedl Beeaemmodi u
IPOBEPUTH, BIHUAET JIA 3TO JBMKEHNe HA TEUCHHEe KAKHX-JI-
6o mpomeccoB. IIpuANWO OTHOCHTEABHOCTH WMEET ILOITOMY
OBpUCTHIECKOe H (PU3WIECKOe 3HAYCHHS TONBKO B TOM CJIY-
4ge, eCHH OH CIOPaBe[JIMB B OTHOIIGHHMN JII000# BaMEHYTOM
cucreMbl. Bo3nmKaeT, OfHAKO, BOIPOC, KOrfa MOKHO CYHATATH
cucTeMy 3aMKHYTo#? JlocTaTouHO WM HIA STOr0 YyCJAOBHA OT-
FAJEeHHOCTH BCEX MacC, HE BXOAALIUNX B pacCMaTPUBAEMYIO
cucremy ***)? OrBer, B COOTBETCTBHM C ONIBITOM, IVIACHT, YTO
B clydYae DABHOMEDHOTO M HPAMOJMHEHHOro MBUMKEHHSA BTO-
ro JXOCTaTOYHO, & ANA APYIUX ABUKEHHNH HeJOCTATOYHO. 3a-

*) CooGpakenus, Gamskue K BhICKa3aHEEIM, mpusoput M, Bopm

**) Cum, Tawmke [23].

***) Ha Beo6Xx0ouMOCTh HPHAUMATH BO BHUMaHHE OTJAJCHHBIC
Maccsl B COEMaJNLHOH TEOPEM OTHOCHTEJBHOCTH YKA3hBad B JPYroi
csnsu Tomner (II Holst [48]).

[21]
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MEeTHM, 4TO Heo0XogmMo eme oOBACHATL NPHBHIETAPOBAH-
BOCTH DAaBHOMEPHOr0 M OpsMoiuHeiimore aBmKeHHs (CM.
ra, IV, § 62}, PesroMapys, Msl MO)KeM cKaszaTh, UTO IOCTY-
JAT OTHOCHTEJBHOCTH BKIOUYaeT B ceba YyTBepikjeHHE, HUTO
paBHOMEDHOE W NPSMONMHEHHOe NBUIKENHe «I[eHTpa TsKe-
crEy BceelenHO#l oTHOCHTENBHO HEKOTOPOH BaMKHYTOH cHcTe-
MBl HE BIHAET Ha IPOIECCH B 3TOH cHCTEeMe,

§ 3. ITocrynar mMoCTOAHCTBA CKOPOCTH CBETA.
Teopua Purna m popcreennnie Teopnu

Ipuasitua npuHOENA OTHOCUTEALHOCTH emle HegocTaTod-
HO [JIA TOro, 4TOGH! cHejaTh BHIBOA ¢ KOBAPHAHTHOCTH 3a-
KOHOB IPUPOJE OTHOCHTENLHO mnpeobpasosanuit Jlopenma.
Tax, kaIaccmuecKkada MeXaHHKA BIOJHE COMMIACYETCA ¢ OpPUH-
MANOM OTHOCHTENhHOCTH, XOTd mnpeoGpaszoBanmg Jlopenna
penpEMeHmMH K ee ypasmenusaM. Jlopenu u Ilyamkape, Kak
MBI BHJIENE BhIIIE, IOJNOMKHIN B OCHOBY CBOEro paccMOTpe-
ans ypasoenus Maxcseana. G mpyroit cTopoHbI, alCOTIOTHO
Heo6X0MMO HACTAMBATL HA TOM, 9TO Takoe (YHJAaMeHTalb-
Hoe YTBepKJeHHe Kak ODPUHIEN KOBAPHAHTHOCTH [OMKHO
BEIBOIUTHCA II0 BO3MOMKHOCTH U3 CaMBIX IIPOCTHIX OCHOBHBIX
moJoMeHN#, JfHOITeliH MOoKasad, W B dTOM ero OoiabInas
3acayra, 4T0 AJs BTOH Heam [JOCTATOYHO INIPHAATbL TOIBKO
cirenyiollee BIEKTPOJUHAMHYIECKOe IONOMKEeHUE: CKOPOCTb
ceeTa He 3asucur or OsudiceHnus ucroyruka. Ecmm meTogHmK
cBeTa TOYEYHBIN, TO BO BCEX caydasgx ()POHTOM BOJNHBI ABJA-
erca cepa ¢ MOKOAINEMCA I@HTPOM. OTO MONOMKEHHe MBI
GyneM, KaK ODPUEATO, KOPOTKO HA3HIBATH MONOMHEHHEM O
(IOCTOSTHCTBE CKOPOCTH CBeTa», XOTS TAKOe HA3BAHHA® MO-
seT naTh mosoj K Eepopasdymenuam. O6 yuueepcaavrom mo-
CTOAHCTBE CKOPOCTH CBeTa B DYCTOTeé He MoKeT OHTH pedn
yiKe MOTOMY, 4TO CKODOCTh CBETa IOCTOARHA TOJBKO B ralu-
JeeBBIX cHcTeMax orcuera. HesaBucmMocTs 3Ke CKOPOCTH
cBeTa OT NBIJKeHHA HCTOYAUKA cOoXpaHsgeTca B B ofmel
TeopHH OTHocHTeAbHOCTH. IlonosKeAme O HE3aBUCHMOCTH CKO-
pOCTH cBeTa OT [BIGKeHHs MCTOYHAKA OKA3bIBASTCA TaKiKe
HCTHHHEBIM sAipoM craporo momnMmasus s¢mpa. (O pasemcTse
YUCA08020 8HAUEHUA CKOPOCTH CBETA BO BCeX TalMIEeBHIX
cucremMax cM. § 5.)

Kax 6ygzer moxasamo B caeayiomeM maparpade, mpuHA-
THe DPUHLUOA OTHOCHTENLHOCTH M IOJIOMKEHHA O IOCTOSH-
¢TBEé CKOPOCTY cBeTa NPHBOJUT K HM3MEHEHHWIO CTAPBIX NMOHA-
ruit o BpeMenu. Ilosromy Parm [24] m mesasmcuMo or mero

PAd
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Tonmen [25], Kynn [26] m Komcrox .[27] mommsam Bompoc
0 BO3MOXHOCTH, OTKasaBpmmch OT OPHBEOUIIA OOCTOSAHCTBA
CKOPOCT! CBETAa W COXPaHAA TOJBKO IepBbii OPHHINUIN, NoO-
CTPOUTDH TEOPHIO, COINACYIOUIYIOCA ¢ ONKITOM I B TO K€ BPeMs
He OPUBOAALIYI0O K TAKWM DagAKalbHBIM N3MEeHEeHUAM. HCHO,
9TO0 NpU BTOM HeoGXOAHMO OTGPOCATH He TOABKO CYIecTBo-
panme »Pmpa, Bo m ypaBHemns MaxcBeama Ais OYCTOTHI, H,
TaKEM 00pasoM, Bcd DIEKTPOAWMHAMAKA ROIKHA OBITH mO-
cTpoeHa 3aHOBO. IT0 OHIO BHIMONHEHO B OopMe cHCTeMaTH-
qeckoli Teopmm TonbKo Purmem. OH coxpaEWa ypaBHEHOA

mE+%ﬂ=&dWH=Q

TaK YTO HANDPAKEHNHOCTH moleil MOryT ObITh, KAK W B OGBHIY-
HOW DJeKTpPONHBAMAKE, BHIPayKeHE! 4epe3 CKAJADHBI I Bek-
TOpHBIl DOTeHIUATbI:
1 4.
E=—grado——A; H = rot A.

Ypasaeaus o6praaofl BNEKTPOAMHAMAKE

pdVp,
P T
e 1) [Tpprltr=i—re
1 ov dV p,
P o
(P, 0 ¢ J [Teprlir=it—rse

BaMEHAIOTCA CJIeAYIOMIIME:

0V p,

@(P,0==§[,

PP’] t'=t-—r/(c+v,)’

AP = j‘[rPP'

B COOTBETCTBMM C [PeANOJNOKEHIEM, 9TO0 CKOPOCTh CBETa
paBHA ¢ Iulls OTHOCUTEAbHO UCTOYHUKA, TaK Ke KaK CKO-
POCTH BJeKTPOMATHUTHOTO BO3MYUIEHHMA PaBHA ¢ JIHIIL OT-
HOCUTEAbHO 3A€KTPOHG, ero BhI3biBalomero. Teopmu; B KOTO-
PHIX Teaxaerca nogo0HOe npeanoioskeHue, MH OymeM HMeHO-
B&THh KOPOTKO TEODHSMU HMcTeYeHHA. Tak KaK NPHHIMO OT-
HOCATENLHOCTA B HUX YAOBIAETBOPseTCs caMm cooil, Bce OHE
obbpacEAIOT pe3ynnrrar onosTa Maiikeascora. Heofxogumo,

pvdVp,

}t’=t—r/(c+v,.)
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OMHAKO, BBLIACHATH, COrNACYIOTCA JH TEOPHM HCTEYCHAS CO
BCEMU OCTAAbHBIMU ONTUYCCKIMH ABJCHAAMH,

3aMeTHM Npeske BCEro, YTO TEOPUH WMCTeYeHWA BE CO-
FIACYIOTCA ¢ MOIEKYJIADPBBIM O6’LHCHGHHGM npegoMiendss o
oTpasKenus CBeTa, A KOTODPOro CYIIeCTBEAHO ODPEANONO0Ke-
gue 00 mHTepdepeHNWE Hajfalomed BOJAK €O BTOPHYBBIMIU
‘BONHAMH, H3JAYUAEMHIMA BIEMeHTAPHBIMA NUOONAME CPEMIbHI.
B camoMm fexe, ecam, HampAMep, CIMTaTh Cpely MOKOAIIeii-
¢, & HCTOYHWK CBeTa ABIMKYINEMCH OTHOCHTeILHO HEe, TO
coriacEo Purmy BOARE, H3aydIaeMble AANONAMHE, HMEIOT
CKOpPOCTH (DPaBHYIO ¢), OTIHYAYID OT CKOPOCTH Hajammei
BONHE!, & CHAEeJOBATeNLHO, WHTEep(Pepennna Me/XAy HEME He-
poamoskHa. [lamee, Teopuym mcTeYeHHA HO3BOJAIOT O0GBACHATH
dysnaMedTaNTbHEA MNA ONTHKA HBIIKYIIAXCA CcPel OOBIT
@uszo (cp. § 6) JAMIWB ¢ MOMOMBI0 ACKYCCTBEHHKIX IOMOJHI-
tenpHHIX runores. Pacemorpum snecwh Gonee mopgpoGHO mpepn-
CKa3aHUsSI TCOPHH HCTeYeHHs OTHOcHTenbHO dddexra [Jomme-
pa. ITpocreie coobpakeEnsa ImMOKASHIBAIOT, YTO YACTOTA CBETA
ROJMKHA M3MEHATBCA TOYHO TaK jKe, Kak B Teopunm admpa;
AJAAHA BOJHEI, HANPOTMB, BCAENCTBUE W3MEHEHHWA CKODOCTH
cBeTa MONIKHA OCTABATHCA TAKOH Ke, KAK NPA HEOOMBHMCHOM
ucrounuke *), CiaemoBaTeNbHO, HYKHO BHIACHATH, YTO H3Me-
psaerca Opm OOBITHOM, ACTPOHOMHYECKOM HaONIO[eHHE MOM-
nep-sfexra: m3MeHeHHe YacTOTHl UMW M3MEHEHH® MJINHEI
BOMHEL. MoOKHO, OBITAACh COXPRHATEH TEOPHH HMCTeYenns,
NpUEATH, 970 IpH HAGIIOJCHHAX ¢ OpU3MeHHHIMH Hpubopa-
Mz peub mier o0 m3MepeHNHM m3MeHenms dacTorsl. Ilpnm ma-
6aogesnn ¢ gudpPaKIUOBHBIME pelIeTKAMU peINuTh BOIPOC
sHauNTeNRHO Tpynnee, ToaMen mnp@fepiKHBaeTcsa BITIASAA,
9T0 B NAHHOM cAyuae pedb HAET O MAAHHE BONHH H, TaKAM
obpasoM, Teopum mcredenna omnposepratorcs; Croapr [28],
OffHAKO, OPHAEPIKUBAETCA NPOTHBOMOJOMKEROrO MHenus, Pe-
IIeHHe BTOTO BOHpPoca He Moy<eT OHITH HAfleHo NpocTo mo-
TOMY, 9T0 camo o0bsicHeAme AupaKkOnm B TEOPHH HUCTeYe-
HUA ouenb HescHo. Ilpejackasammsa pasanmdnblX Teopdil mcTe-
genna o0 addexte [{onmepa npu orpapienunm cnera OT [BH-
SKymierocsi 3epkana pacxofisites Mempy coboil. Tak, cormac-
o J[m. Jx. Tomcony [29] m Cricapry [28] memmymeecs
3ePKaJ0 B OTHONIEHNN CKOPOCTH OTPAMKENHOro Jyda DKBHBA-
JEHTHO 3ePKATbHOMY u300paMennio HCTOYHMKAa CBETAa] CO=
raacHo TO.HMEHY 0HO neﬁcwyer KAK HOBLIA HCTOYHHK cBera,
HaXOASWuiicd HA €ro MOOBePXHOCTH; HAKOOCL, COIJIACHO

*) 9ro Bnepsepie Guuto otmMeucno Tomsenom [25],
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Purmy *) cropocth oTpajKeHHOro Jyda paBHA CKOPOCTH Ha-
payebHOrO eMy Jy4a, MCIIyCKAeMOro HepBHYHLIM HCTOYHH-
KoM cBeTa. [loaToMy IpH HEIOABUMEOM HCTOYHMKE B [IBHIKY-
meMca sepkane mno Tomcomy — Croapry mgomuaep-adpgext
JAJMHAB BOJHB JIOJ}KeH OTCYTCTBOBATH, IO TONMEHY OH MOJ-
skeH OBITH paBen mosoBuHe s(QerTa, IpeCKasBBAEMOro

B OOBIKHOBEHHOII ONTHKE, a IO

v 5 Purny — coBnagath ¢ 9THEM IO-
~——— —
A 4 == CIIETHIM.

UIZHBI BOMHBI CBETA, OTPAREHHO-
r0 OT ABIGKYINErocs sepuala, He-
Puc. 1 ONHOKPATHO OUPEENANoch ¢ IO-
Momblo mHTepdepomerpa [31] u
C HECOMHEHHOCTBIO CBAJIETEIBCTBYET O CHPABEINBOCTA IIPef-
CKazaHmsA KIACCHIeCKOoll onTukKoii penmanmusl sdderra. Ilo-
aToMy npepnoiomxenusa Tomcona — Crwoapra n Tonmena mym-
HO CUHTaTh ompoBeprHyThiMn., Maitopama [32] maGaopman na-
Jee fomiaep-3pPeKT OT ABIKYLIETOCA HCTOYHUKA ¢ IMOMOIIBIO
nHTepepomeTpa, mpuueM Oburo o0HAPYMEeHO, 4TO 3PderT
paBeH OKMJAeMOMY HA OCHOBAHUM KIACCHYCCKON ONTHKIL.
Onnitr Maiiopars He ompoBepraer, oJlHaKo, Teopuio Purma, Ha
410 yKaspiBal B ocobemnocrn Mummio [33]. Ecam L ~— merou-
HEK CBETa, YMAJIAKMIMICA ¢O CKOPOCThIO U 0T HEIOJBHKHOTO
seprana S (puc. 1), 1 A — HexoTopag HENOABHMIKHAS TOYKA
nepeq 3epKaIoM, To, B KOHEUHOM cueTe, B ombite Mafiopansr
m3MepAeTCd W3MEHEHHME PABHOCTH XO4a LPH NPOXOMKISHHH
Tyna m obpaTtHO orpe3ka AS =, cBa3amHOe ¢ yBeludeHHmEM
CKOpPOCTH HWCTOYHHKA cBera or Hynsa a0 v. IIpm mpoxomie-
mmn orpeska AS or A K S cropocTh cBeTa pasma ¢ — v, ua-
crora vi = v (1 — v/c) m, Takam obpasom, A =(c — v)[v; =
= ). IIpm oTpasKeHHH OT HemOABMIKHONO 3epKaxa S wacToTa
ocTaeTcA TOH e, a CKOPOCTh CTaHOBMTCA paBHO#l ¢ + v, T.e.
mamHEa BOMHBL Ay =(c-+v)/vi; Az=A(1+2v/¢c), ecam orpa-
HUYABATHCA BeJIHINHAMH HepBOro mopanka. Mckomoe mame-
HeHOe IOJHOH PasHOCTH XOfa PABHO

A-———Z————-2l

‘ Honneposckoe n3MeHeHTIe

TagR JKe KAk B Kimaccmuecko# reopum. BooOuie MomHO moxa-

*) W, Ritz (P. Ehrenfest) [24]. Cm, raxsxe [30]. Horma B nocie-
mylomeM Gymer uatn peub o «reopun Purna», caepyer OApasyMeBaTh
Hox ATHM HasBaHNEM YNOMEHHAEMOE 3/CCh HE BIOINHE CBOGORHOE OT
npon3BoJIa MOJNOKEHHS,
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saTh, 9YT0 B BeJMYWHAX HEPBOr0 MOPANKA, €ClAW pPaccMaTpH-
BaTh JIUINL BaMKHYTHIE CBETOBBIe IyTH, HET PasHHIEl MeMIY
ontukoit Purna um onrukoit o6bIKHOBEHHOH, HIW PeISTABHACT-
ckoit. IToaroMy ommiTer Ha 3emie MoOryr mMmerTh pelnaomee
3HAaYeHNEe [N ONeHKH TEODUH HMCTEUEHHWsA JHIIp B TOM CIYy-
gae, €CIM OHHM pacmpocTpansioTca Ha 2Q@eKTs! BTOPOro mo-
pafka *). B rauecrse momoGHOoro experimentum crucis Mor
651 caymurs cormacao Jla-Posa [34] m Toamemy [35] mm-
repdepennuonnbiil oupit Malikenbcona, ecim ero DNpPOBecTH
co cBeToM He 3eMmHOro mcrounmra, a Commma. Hs teopmn
Purma, B oTiimuue OT TEOPMM OTHOCHTEIBHOCTH, CIefyeT, 4TO
B 9TOM cjy4ae JOJIKHO BAGHIOIATHCA CMeEM[eHHe H0J0C OpPH
ppamenun opufopa (cM. mpumed. 2).

J¢derTs mepBoro MOpARKAa MOryT TPOTHBOPEUATH TEO0-
puu PuToa, ecim B onbiTe ¢BeTOBOH MyTH Da3OMKHYT, a He
samrnayT. Ilogo6Has BO3MOKHOCTH EMeeTcs He IPH B3€MHBIX,
a OpH acTpoHoMWYecKux maMepenmax. Yie Homcrox [36]
yKazajg Ha Bo3Mo;kHBIE a@eKTsl npu HaGAIOAeHHU KBOHHBIX
ape3d. [le Currep [37] mosmmee paccmoTpen Bompoc Konmde-
CTBEHHO M OpHINEe] K CIHefyIL(eMy BHIBOLY: B ciydae Hemo-
CTOAHCTBA CKOPOCTH cBeTa HAbJIOaeMOe M3MEHeHHWe Aomiep-
spexra Bo BpemeHm GyHeT MiA COEKTPOCKONHYECKOHR NBOM-
HOIl 3Be3[HI, MBIMKYIIEHCA B AeHCTBHTENBHOCTH OO KPYTOBOI
opbure, TakaM, Kak ecim Gbl Tpaekropuu o0eux 3Besy Obuin
pKcHeHTpUYecKuMu, IHajuyme u3BECTHBIX TPaeKTOpHI HBO#H-
HEIX 3Be3] C OYeHb HeGOJBIIUM IKCIEHTPHCUTETOM MO3BOJIA-
eT YCTAHOBHTH, UTO CKODOCTH CBETA HOYTH HE BaBUCHT OT
CKOPOCTH [BOHHOH 3Be3asl. Ecig mpemcrasuTh CKOPOCTH CBe-
ta B Bude ¢ -+ kv, To mommkno 6eith £ < 0,002. 3ror peaynb-
TaT B COYETAHHE ¢ yKe YIOMAHYTHIMEH TPYIHOCTAMEA KU
o0BsacHenny onbita Pu3o W HpE NMOCTPOEHUH MOJEKYyINAPHO#H
TeopHE NpPEJIOMIEHHA N03BOJAET LIOUTH C [OCTOBEPHOCTLIO
CYNTATh OPAaBUILHLIM IIOJOKEHWE O IOCTOAHCTBE CKOPOCTH
cBeTa, & reopuy mcredennsa Purga m apyrux OpusHATH Befy-
MAMH K HeOpPeoJOMHMEIM 3aTPYAHEHUAM.

§ 4. OroocureannocTs OTHOBPEMEHHOCTH.
Buison npeolpasosanuii Jlopeuna u3 06onx mocryaaros,
AxcumomMatura npeobpasosannii Jloperna

Ilpm NOBEPXHOCTHOM pPAaCCMOTPEeHUE NPHHIOUI OTHOCH-
TeJILHOCTH W NPUHINN TIOCTOHHCTBA CKOPOCTH CBETA KaKYyT-
csi HecoBmecTuMbiMm. Ilyets, mampumep, maGunmoparens A

*) 9ro Gbuio o1meseno dpendecton [24) (Phys. Z.).
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IOBIDKETCA €O CKOPOCTHIO U OTHOCHTEJILHO HMCTOUHHKA CBeTa
L, & madnogarens B moxonres oraocnrtensso L. Oba na-
OmogaTens OPH 9TOM B KadecTBe (POHTA BOJHBI BANAT cde-
PHI, IEHTPBI KOTOPHIX MOKOATCA OTHOCHTENHHO Habxoxare-
neit, T. e. BHAAT [Be pasdauunvle cepsr. IlpormBopedne, of-
HAKO, HCIe3aeT, eCNH JOMYCTHTh, ITO A0 TOYEK DPOCTPAHCT-
B&, 0 KOTOPBIX CBET JOLIEN OFHOBDPEMEHHO ¢ TOYKH 3PEHHSA
Habmofgareaa A, ¢ Touxku 3penns Habaomareasa B cser Mo-
XoguT He ofHOBpeMenHO. TakmM 06pasoM, MBI HeHOCPenCT-
BEHHO IPHXOAHUM K BHIBOAY 00 OTHOCHTEJbHOCTH OFHOBpe-
meHHocTH. C 9THM BONIPOCOM cCBsidaHA HEOOXOMAUMOCTH CHA-
yala garh onpejeleHHe CHHXPOHHOCTH ABYX YacoB, HAXOs-
IMUXCA B Pa3JUYHBIX MECTax NPOCTPARCTBA,

ONHINTEHH Npe[JIOMKAT  CcleAyolnee OODPefeNeHN® CHH-
XPOHHOCTH 9acoB: Yachl B ToYKaXx P m @ CUHXDOHHH, ecil
CBETOBOH cHrHAJ, mocjaHuEsd u3 P B MoMeur {p, npumer B Q
B MOMEHT fo (lo m3Mepserca mo 9acaM B (), mpudueM Ig=
= (tp + t;:)/2, e tjp—— BpeMsA BO3BpAalleHHsa CBeTa, OTpa-
JREHHOr0 B TouKe (), ofparHo B P. Diimmrelins Bnbumpaer
B KavecTBe CHHXPOHH3HPYIOIEr0 CHrHAJA CBETOBOM CHTHAJ
HOTOMY, 9TO NOJNB3YSAch HPUHIMOOM HOCTOAHCTBA CKOPOCTU
CBETa, MOKHO BBHICKA3aTh OOpefelNeHHBIe YTBEPIKACHHA
0 Iporecce pacOpocTpaHeHUs cBera. BooOme rosopsa, cHH-
XDOHM3AIHA 9YaCOB BO3MOKHA W APYTHMH MeTOfaMH: ¢ WO-
MOINIBI0 IepeHoca JacoB M3 OJHOLO MecTa B Apyroe, ¢ Imo-
MOLIBI0 YUDPYroi cBAsWm m T. X, MB [oaKEE moTpeGoBaTh
TONBKO, 4T00b OpPM MOJOOHOK CHHXPOHH3ALME HE HOJyda-
T0ch HEKAKMX HEPAaspeIIEMBIX HPOTHBOPEYHH ¢ CHHXPOHH3A-
e 9acoB IOCPEJCTBOM CBETOBHIX CHUTHAJOB,

Temeps MBI B cocTOAHUMH BHIBecTm (PopMyasl mpeobpaso-
BAHEA, CBA3LIBAIOIMINEG KOOPAMEATH Z, ¥, 2, t m 2, y’, 2, t'
neyx cucreM K m K', ABMIRYINUXCA OTHOCHTENBHO APYT APY-
ra paBHOMepHO M upaMonuHeliHo. 3a och z BHifepeM Ha-
HpaBjieHle JBIJKeHOA H TPH 9TOM Tak, uTobsl chcremMa K’
ABHTrajJach OTHOCHTENbHO cueTeMbl K co CKOpOCTBIO U B Io-
JOKHITeNILHOM HalpaBieHHm ocu 2. Bce aBTOpEl HadmHalor
uHATepecylomuil Hac BBIBOA ¢ TpedoBaHma auzelimoctm (op-
Mya mpeo0pasoBammsi, KOTOPOS8 MOMKHO 00OCHOBATH TE€M, YTO
ABIDKeHHe, PaBHOMEPHOe M UDAMOJIMHeHHOe B cmcreMe K,
NOoMEKHO OLITH TAKHM e u B cucteMe K’ (mpm aToM cumTa-
eTca caMo co0olf pasymelomuMces, 4TO KOHEUHEI® 3HAYEHHA
KoopauHAr B cmcreMe K 0CTAlOTCA KOHEUHBIMH U B CHCTEME
K’. TlonpasymeBaoresa Take OJHOPOJHOCTE HPOCTPAHCTBA
I BPCMCHH U CIPaBeJIHBOCTb €BRAHA0BOH reoMerpnm),
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Benenersme ofonx OpmHEATHIX DOCTYIATOR YypaBHeHUe

22+t 22— = 0 (2)
BiaedeT 3a cofoli ypaBHEHH®
22+ 24— =0, (2")

9To BO3MOKHO B CHIY JEHEHHOCTH Opeo0pasoBaHmsd, TOMb-
KO ecan

22y 2+ 22 — )=y (22 +y? 2?2 — U2
Y

rfe ®» — mocTosmmas, sapmeamas o v. Eenm yuecTs Taxixke,
uT0 M0Goe NBIMeRNe, NapaiielbEoe OCH &, mocae mpeobpa-
30BAHEA JOJMHO OCTABATHCA NapaljlelbHLIM arolt ocH, ToO
OTCIOfia Ha OCHOBANHM BIEMEeHTaPHHIX coofpaskeHnNfl ciaemy-
o1 gopmyan (1). Teneps ny:xmo eme ocofoe paccyskpenue,
LJIg TOro 4To0Bl DOKa3aTh, 4T0 ¥ == 1. Diimmreils DpoBojmT
9TO JOKAa3aTeNbeTBO, NpEMeHsA npeobpazosamme (1) eme
pas (ma sror pas k¥ K'), m npm aT0M ¢ 00pATHO# CKOPOCTDHIO:
z’ - ot’ |

z" =% (—) Vi y'=x(—0)y

«
1

t -+ (v/cz) z’

2" =n(—v)z; '=%(—0v)—F——=-

Viog:

Orcioga

" =u(v)n(—v)z; Yy’ =n(v)x(—v)y;

"

2" = (v)n(—v)z; ¢

"= (v)n(—v)t

Tax kar cucreMa K” moxomres ornocnteabro K m, ciemo-
BaTeNbHO, WICHTHYHA C HEO, NOMASHO HMeTh MecTo pa-
BEHCTBO

w(v)u(—v)=1.

Kax otmeueno B § 1, %(v) paBHO Hm3MeHenHI0 MOMEPEUHBIX
pasMepoB Teda U He TOJKHO, CJAe0BaTeNLHO, A3 coo0pame-
HAi CHMMETPHH, 3aBUCeTh 0T HaAnpasierus cropoctd. Ilo-
aroMy % (v)=%(—v), OTKYHa B COYETAaHHH C ODPENBIAYIAM
paBeHCTBOM caedgyer, uTo % (v)= 1, HDOCKONBKY % JOJKHO
OBITH HOJOJKATENbHbIM,

Ilyamkape npmmesr K STOMY BBIBOLY IHOXOMKHAM IYTeM.
Or paccMorpes MHOMecCTBO Bcex npeoGpasoBammil, mepeBo-
gamux ypassenme (2) caMmo B ceba (9TO MHOMKECTBO ecTecT-
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BeHHHIM o6pasoM ofpasyer rpynny), m morpeGoBai, ITo0hI
oTa rpymOoa cofepirala B KauecTBe MOArPyIO:

a) opmHOmApaMeTpPHYECKYI0 IPYNNY nepeMemeHnil mapai-
neapHO ocm x (B KadecTBe mapaMerpa Qurypupyer CcKo-
pOCTE V);

b) o6bIuEEIe BPAINEHIA CHCTEMH KOOPAHHAT.

Orcioga omATh caegyer, 910 % = 1, HOCKOABRY TpeGoBa-~
mme dimwrefina % (v)=x{(—v) comepmurca B b). B mrore
MBEl OPUXOIMM K BIOJHE OmpefielcHHBIM (opMmyiaaM npeol-
pa3oBaHHUA: ‘

, F—t . p ’ z—(z;/c)

= Yy =y s b= 3 I
Vi—p VicE X

x12+ y12 + zlz — CQt’L’ J— x? -+ y2 + Z — c2t2! (II)

IIpeoGpasosanns, obparawe (I), nooxywaorca  3ame-
HOA U~ —VU:

=iy v s <

TIpoctoe crpoennme (opmyn (I) memaer ecrecTBeHHBIM
BOIIPOC O BO3MOKHOCTH MX HOJyYeHHuA m3 oOUIUX TEOPETHKO-
IPYONOBHIX cooOpakenuil, Gea TpeGoBauma MHBAPUAHTHOCTH

*) ina HEKOTOPHIX OpHMMEHeHWH HY'KHO BHATH Tarwke dopMymn
npeobpa3oBaEMs B OGINEM cjyuae, KOTAa OCb z He NMapaJUIeNLAa CKO-
pocta ABmeHHA, ITH GOPMYIH OOJYYAOTCA, eciy Pa3bHTh F HA KOoM-
MOHEHTY Ty, NapajiIedbHYK CKOPOCTH V OTHOCHTENLHOTO JBHMKEHH
cacteM K m K’, m xoMmnonerty r,, Depuoesguxyispuyio K v, Ha (1)
caspyer

’ ry —vi ’ rt—(o/D)] Ty ]
P = ~7=——; Iu=1",; | =—F——=——j
Vi—g Vi—g
B CAJAY COOTHOUICHU K
(rv) v (rv) v

— . . ’ ! ’
I'|j——-vz—', I',_l_.=l'—l'l‘=l'————uz—-, l'=I'u+I'_b

OOJy9eHHEBIC (bOp.\iyJIH MOXHO 3ali4CaTh B B TAKOM BUpe:

’ 1 1
r=r-+ ;?(71:——__{5;-1)(1“1)‘,—1/—:,—_?,
t—(1/c%) (rv) (1a)

Viep

9ta Gopmynst moryuentt Tepraormem [38].

V= —
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ypasuenws (2). B kakoii Mcpe aTo BO3MOMKHO, ITOKA3hIBAIOT
paborsr Urnarosckoro u ®pauka u Pore [39]. Ecam npex-
[OJMOMHUTE, YTO: .

1) npeoBpasoBarma o0pasyT ogHONapaMeTPUICCKYI0 Of-
HOPORHYIO NHHEHHYI rpPyIIy,

2) cropocts cucreMs! K otmocureasuo K’ pasma ¢ 06-
paTHHBIM 3HaKRoM ckopoctit K’ orHOCETeabHO K,

3) coxkpamenue Maciuraa, moxodmerocs B K', ¢ TOYRH
sperna Hadaofateans B K, paBHO coKpamenmio Macmra6a,
nokosmeroca B K, ¢ Touku apenma Habawoparens B K,
TO MOMKHO [OKa3aTh, 9T0 ¢opMynsl npeolpascBagusa JOJUK-
EH EMETH BHJ

z — vt ’ ! — vz
Vi—wt Vi

OrHocHTENBHO 3HAKA, BeNMUUHBl M (U3MIECKOro CMEICAA o
CKa3aTh HA OCHOBE BBICKA3AHHBIX MOJO}(EHNH HUYEro Heab-
81, TaxnM oGpasoM, @3 TeOPeTHKO-TPYIIOBHIX cO00pakeRdin
MOKHO HOJYUUTH JUIIb BHelIHWit enjg dopMmyn mpeobpasoBa-
HUA, HO He UX (u3HUYecKoe cofeprKaHue. 3aMeTHUM, 4TO H3
(3) BmiTeralor, ecan nonoxurh o =0, dopmyasl npeoGpa-
3oBanug OGBIYHON MeXaRMKH:

' =zx—vt; t'=t. (4)

7 =

drm dopmynst, caenys D. Ppanry, Has3bBAKWT Teleps Ipe-
obpasosanuamu [ammiesn. OHm OoxydalOTcs, KOHEIHO, TaK
e, ecam tonomkuth B (I) ¢ = oo,

§ 5. Jlopenueso corpaienne u 3aMejeHue BpeMeHH

Jlopenmero coxpauienaune ABiagercA upocTefiumM caenct-
suem unpeobpasosanmit (1), a ciepgosarenasso, m oGomx oc-
HOBHEIX moJo;kenuit Teopmu. PaccMoTpEM cTepikeBb, JesKa-
MU BOOAE OCA T H uoxoamm}icx B cHacTeMe OTcUera K.
CrnepgoBarenbHO, KOOPAUHATEL £; U Ty ero KOHIOB HE 3aBHCAT
oT t', U BeJMYHHA

o 2= 1, | (5)

PaBHa [JINHEe DOKOANIErocd CTPeRAA. [[JNHY CTEep/KHA B CH-
creMe K Mo)KkHO ompeflenuts clefywomum ofpasom. HaiimeMm
) 1 r2 Kak QyHROuUM OT ¢ @ HasoBeM AAMHON ! crepKHA B
ABIKYIleiica cicTeMe OTCYEeTA pAacCTOAHHMe MEXAYy HJBYMA
TOYKAMH, KOTODHle COBOANAIOT ¢ KOHOAMH CTEPIKEA OJHOBPE~



28 TJ1. 1. OCHOBLI CHENMAJBHOA TEOPHH OTHOCATEJILHOCTH

MeHHO ¢ TOYKHW apedana maGiofatens B cucreMe oTcuera K:
Zo(t) =z, (1) = L. (6)

IMockoasky B cucteme K’ 8T TOYKE HE OfNOBPEMEHHBEI, MDI
ne MoKeM oKuparb, aro I Gyuper passo lo. B camom fene,
u3 (1) mmeem

’ z, (1) — vt ’ z, (t) — vt
g = —————; I; == —
Vi—g Vi—§g

H, Cle/l0BaTeJbIo,

! Y amy .
lz—-:; lul 1_32. {
o= o VT ()

Takum o0pasoM, crep:KeHb COKpamiaeTcs B OTHOMIEHOH

VY1 —B?: 1, kar aro Gewio mpmuaro eme Jloperuem. Bemes-
CTBHE HEeM3AMEHHOCTH HONEPeYHEIX pa3MepoB TeJ OpH Nepe-
Xofe B JBIMKYIIYIOCH CcHCTEMY coKpamenume o0peMa OHMCHI-
Baercsa ToH ste (popMmyunoi:

V = V,¥1— p% (7a)

Kar yxe Gou10 ymomsanyTo, NOpeRNeBO COKPAIMENNe CBs-
8aH0 ¢ OTHOCHTEJBHOCTHIO OJHOBDEMEHHOCTH; II09TOMY BLI-
ckassiBasioch Muenme [40], wTo 3TO coKpamenue ABIAETCA
«KQOKYUIRMCAY, MHBIMH CJOBAMHM, CBA3aHHBIM TOJBLKO C Ha-
muM BRGOpoM cmocola [pPoCTPaHCTBeNHO-BPeMeNHBIX H3Me-
penuft. Ecnu cunrare mekoTopoe smpienme [eicTBHTENbHBIM
TOJBKO B TOM cjaydae, €CIH OHO KOHCTATHpPyeTcd OIWHAKO-
BeIM 00pasoM ¢ TOYKM 3peEHa mabamomaTtenedl BO BeeX rang-
JeeBHIX CHCTeMaX OTcY9eTa, TO JOPEHIEBO COKPAI[eHHe HYMi-
HO, ROHEYHO, CUNTATh KajKYIIUMCA, TAK KAk, HaOpaMep, [1s
paGiiofarens, DOKoAINerocs OTHOCUTEIbHO cHcTeMH K,
cTep:KeHb He OpeCTaBisAeTcA coKpameHndbiM. Mel He cgd-
TaeM, oflHaKo, mopo0uoe MHERHe Ienecoo0pasmbiM, TaK Kaw
BO BCAKOM cIydae COKpalleAHe CTePKHA NPHHIUOTAIBHO
Habaopaemo. [las obcyskgeHHA 9TOr0 BOOPOCA HOYUYHTENeH
MBICTEBHBIH 9KCOEDHMEHT, IPefIeKenHbl  Jiamrednonm
[41]. OToT sKCHEpUMEHT mOKA3bIBaeT, 4TO HeoOXopuMasg s
palaogeHna JOopenesa COKPAIIeHNA KOHCTATalUsA OJHOBpE-
MEHHOCTH HOPOHCXOJAINNX B PasNHUYHBIX MecTaX COOBITHH Mo~
skeT OBITH OCYILleCTBIEHA ¢ HOMOMIBIO OJHHX MaciiraboB, 0es
NCHONAb30BAHWA wacoB. PaceMoTpuM, Hanpmmep, ABa MacIiTta-
6a, A\B, u A;B; omnuaxrosoit juiunsl ly (B mokogmieiica cu-
creMe), ABIRYInuUXca orHocuTenbno K ¢ pasEniMu oo abco-
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paccMaTpuBaTh YacToeli cayuali, Korga gacel Co JBMKYyTCA
oo ocH z Jo Toukdm (Q, a saTem of6parHo K Touke P, Tak uTO
u3MeHeHHA cropoct® B P m Q OynyT UpOTHBOIOJOKBBIMH,
TO BIUAUNE YCKODEHNS, BO BCAKOM cjaydae, He 3aBHCHT OT ¢
H JerxKo Mo;ker OHTH mckuioueno. I[lapagoxc saruouIaercs
B CJHEAYIOIeM: eCJH PacCMATPHBATH Bech IPONECC C TOUKH
spenus Habaiofarensa B cucreMe orciera K*, orHocmTenBHO
Koropoit gacel Cp mokosresa, a gacel Cy ABHIKYTCA TakK e,
Kak "acsl Cp ABHMKYTCA oTHOcHTeasHo K, To okaKeTcd, 4TO
yacsl Cy omepeguiu uwacet Cy. Pemienue storo mapagoxca
3aKJII0YAETCH B TOM, uTo cucreMa K* He ecTh rajimieeBa CH-
cTeMa, ¥, 3HAYHT, B Hell BJMAHUEM YCKOPeHHs HA XOf da-
cOB mpeHe0peYb HeNb3s; 9TO CBA3AHO ¢ TeM, 9TO B CHCTeMe
K* ycropenme BBIBHIBACTCA He BHEUIHWMHA CHJIAMH, & -I0
TepMuHojornu Mexanukan Heorona, cunamu muepumn. ITox-
HO® BBIACHEHHE BOlIPOCA BO3MOKHO, KOHEYHO, JMIIb B paM-
kax obueill tTeopum ormocumrenasHoctm (eM. it IV, § 53,8,
0 verblpexMmepHOll - QOPMYyANpPOBKe MapafloKca dacoB CM.
ra. III, § 24). 3amerum, MeAy OpPOUWM, UTO CHHXDORH3A-
U YacoB OyTeM HX MepeMelleHHs, ¢ KoTopoil OBLIO ymoMs-
HYTO B npeabirymmeM maparpade, mpuBeleT K LPABAJIBHBIM
pe3yasTataM, TOJBKO €CIH 9KCTPAlOAUpOBaTh DNOKA3aHUA
YACOB HA HYJNEBYIO CKOPOCTHL WX mepenoca *),

Boonme o9eBmmHO, 9TO COrNAcHO TEOPHE OTHOCHTENHHO-
CTH ONBITH, CTABSIIHE CBOell Meabl0 O0HAPYIKUTH BIHAHHE
opAMoAMHeliHOro ABMMKEHHsA BCeil CuUCTeMBl Ha fABJIEHUA,
OpoucXoffAloue B Hell, JOMKHB OPHBECTH K OTPHIATENbHBIM
pesynbraram. Ofuako OYYHTENLHO BHIACHUTL, Kax Oymyr
BRITVIAJETh 3TH ONBITH ¢ TOUKA B3DEHUs HECONYTCTBYOMmeil
cucreMsl K, T. e. cHcTeMBl, OTHOCATEABHO KOTOpo# Habimio-
matens m npubopsl asmxyres. G aToll meanio obcyfum HH-
repdepennuonnnii onsr Maiikenscona, Iyers I} m Iy —
[INHBL apajiielbHOT0 W MEPHEHANKYAAPHOrO K HANmpaBie-
HUI JBIGKeHHs [ed DpnBopa, maMepeHHbie B cmcreMe K.
BpeMesnrie muTepBans! !y W f3, 3a KOTOpBIE CBET OPOXORHUT
9TH pAcCTOSHMA, OIpeReasAloTcsA, KAk H3BECTHO, H3 COOT-
HOIIeHHIT

2 2l

cly = :

l, = ——a— — .
BT Vi-g

*) TlogpoGroe ofcyikIennAe 3TOr0 BONPOCA MOKHO Halita B Kudre
Crobempupiaa [HI11*].— Hpuneu. ped,
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Bemencreme nopeRnesa COKpamenns
L=1V1—p2

Mockonbry lp = lp, monysaeM ct) == cty = 2lp/V1 — % Mo-
JKeT IOKasaThed, uTo HaGmomatens B cucTeMe K', ABIKY-
melica BMecTe ¢ opubopoM, o0BapyKWBaeT CKOPOCTH CBeTa,
paBHYO

¢ =cVi—p% (]
OTIARYHYIO 0T m3MepseMoil mabumopgareaem B K. Taroro Mue-
Ara mpupepsxmBaica AGparam [49]. Cormacmo Jitmmreiiny,
HalpoOTHB, CKOPOCTL cBeTa B cmcTeMe K’ — Takas e, Kak
B K, Tax kKak Heo6XOfEMO YYHTHIBATH 3aMe/leHHe XOfa da-
COB, a IOITOMY

=t VI=Pp m cf =cty =2,

ITo A6paramy, samefjenme Xofa 9acoB OTCyTcTByer. Touxa
apenua AbparaMa, COTIACYOIAsICA C PE3yAbTaTaME ONBITA
Maiikenncona, HpoTHBOpEdYnT, TeM He MeHee, NPHHIANY OT-
HOCHTENBHOCTH, TAK KaK [OUNYCKAaeT NPAENUNOAAIBHYI0 BO3-
MOMKHOCTh YCTAHOBHUTH «a0CONIOTHOEY [BH/KEHHE CHCTeMBI *),

OcramoBuMcA HecKOAbKO Goiee moppofEo Ha pasamumn
m3raanos Jlopeana m Oitmmreiima. Ilpesxne Bcero ditmmreiin
morasall, 4ro nmpm Goimee ray0oxoM amajuse OOHATAA Bpe-
MeHH MCYe3aeT PA3HHIA MEKAY «MECTHEIM» M «HACTOSAIAM»
ppemerneM. «Mecrroe» BpeMs Jlopemma oxasbiBaeTcs mpocTo
BpemeneM asmKymeiica cueremnt K'. Cymecreyer croibko
#e (BpEMeH» H (IOPOCTPAHCTBY, CKOJBKO TaJHICEBHX cH-
creM orcuera. Jlamee, BecbMa BajkHO, YTO JiHINTEHE cHesan
TeopHI0 HE3aBHCAMOHA OT CHOENHAJABHBIX NPefAUOJNOKeHHHA 0
CTPOGHAA MaTepHu.

Crmemyer nm Ha BTOM OCHOBaHMH BooGme orGpocuTts
cTpeMIeHAe K ATOMHCTAIECKOMY HOHHMAHUIO JODeHLeBa CO-
kpamerna? [To mamemy Mmermio 5T0 He Tak. Coxpamenme
macmraba sABJAseTcs He TPOCTHIM, a HANPOTHB, Kpaitme
nomEEM OpomeccoM **), Omo Be uMeno 6bl MecTa, ecam 05l

*) YooMmsHeM 3neck MEICHEBHEE SKCOEPAMEHTH, NPeJOKeHHbIe
B. BrroM [46] a I, H. Jlsiomcom u P. Toamemom [47], mokasmmaro-
Jel)
(v/c®)
mue NOpPACYTCTBHE 4JeHA —“17——
1

B dopmyae npeoGpazoBanma

nas t.

**) TogpoGmee ®TOT BOmpOC apanmampyercs B palorax [362*%
363*).— Hpunen. ped, v P 1362%,
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HE TOJBKO OCHOBHHI® YDABHEHWA DICGKTPOHHEOR TEOPHEA, HO U
elle Hem3BeCTHHIE BaKOHBI, ONPENeNANINe CTPOSHH® BIEKT-
pona, He Ouam 6B KOBADHAHTHBIME OTHOCHTENBHO TPYUIEL
mpeobpasosanmit Jlopeana., Mpi MoOsKeM TONBKO HOCTYJIHPO-
BaTh 9TO IPEAIOJOMieHne, 3HASA, YTO KOrja yKasaHHBIe B3a-
KOHBI CTAHYT H3BECTHBIMH, Teopmsa OyAeT B COCTOAHUHE [ATh
aTOMHCTHUECK0S OOLACHEHHme HOBENeBNI0 NBIMKYIAXCSA Mac-
mrabos m uvacos, Ilpm 3TOM HY’KEO, KOHEYHO, CO3HABATH
paBHOIpPaBWe ofeHX MBHKYMMXCA OTHOCHTENBHO APYr APYyra
CHCTEM.

TeopeTuKo-TO3HABATENLABIS OCHOBEI TEODWH OTHOCHTENb-
HOCTH IOABEprinch HeJaBHO paccMOTpermio m ¢ ¢umocod-
ckoit Toukm speuns *), Ilpm »ToM BBICKA3BIBANOCE TaKMe
TO MHEHHEE, YTO TeopHd OTHOCHTeNbHOCTH BHIGpocHIa 3a
Gopr mpuummHOCTH. MBI monaraeM, 9TO ¢ TEOPETHKO-NIO3HA-
BATeJHHOH TOUYKM 3DEHHMS BIOJNHE YJOBIETBOPHATENBHO CUM-
TaTh OTHOCHTEJbHOE JBIIKeHNme IPMIWHOl JOpeHmeBa COKpa-
MeRud, TAK KaK 9TO NOCHeJHes ecTh He CBOHCTBO 0JHO20
Macmraba, a cooTHoIleHHe Memny deyms Mmacmrabamu. Mo
AyMaeM, fajnee, 4TO [JA COXDAaHEHHA NPHIAHHOCTH HET He-
00XOEMOCT HCHONB30BATH HAJMYAE MAcC BCEJEHHOH, Kawk
310 menaer I'oxbeT.

§ 6. Teopema cnoskenna cropocreii ditamreiina,
AGeppanna. Koaddnuesr ysiedenns.
dPpderr Nonaepa

HenocpescTsenno BHAHO, 9To CcII0co0 CIOMEHMS CKOPO-
creif, IpEMeHAEMHII B cTapoii KUHEeMaTHKe, HEIPHArOxeH
B KHHEMATHKe pensTEBACTCKOH. fAcHO, mAampEMep, YTO CKO-
pocts v < ¢, CIOMERHAA CO CKOPOCTHIO C, NOJKHA JaTh CHO-
Ba ¢, a Be ¢ + v. Qopmyast npeobpasosamwmsa (I) monmocThio
cofep:xar B cefe meobxopmuble npasmaa. Ilycte B K’ sama-
HO HeKOTOpOe JBIKeHHe:

xlzzr(tl); yl=yl(tl); Z’=‘Zl(t’)r.

,

Ewmy coorsercryer B K pamwenue:
z=z(t); y=y(t); z=z(t).

M=u1 xorum YCTAHOBUTL CBsA3hL MeHAY HOMIOHEHTaMH CRODPO-

*) Cu. B ocofermoctm [43].



§ 6, CJIOKEOUE CKOPOCTEN. ABEPPAIINA 83

cra B K”
dz’ 4 , , dy' r dz’ ’
77 =Ux=u'cosa’; % =uy
V' 3 T /3
= Usg + Uy + Uy
A COOTBEeTCTBYIOIIHMH BEJIMINEBEAMHA B K!

& oy ucorzy Yy
ar U= 8% 5 =W G

= U}
U = Vu,’c + uz + u';’
Na (Ia) monmywaem
dr da: +v dt'
T Vi-p
de’ +(u/c”) dz’
L ee—— ¢
Vi-p
Orciofa myreM feleHNsa HA WOCHEAHES ypPaBHeHHE HAXOAHM
u; +v
14 vu;/cz’
52y
Vizden, (10)
14 vux/c
V1 —vé/c? ”;
14 vualc/o:2 ‘

9TE COOTHOMEHHA HMEIOTCA TaKKe B INTHDOBAHHOHR paHee
patote Ilyamkape. 13 mux caepyer cpasy, 4ro

dy = dy’; dz = dz’;

dt =

U=

U, =

U, ==

1
]/_u'2 +v* 4 2u'vcosa’ —— (u'vsina’)?
u = ° ] (11)

1+ u'vcosa’/c?

gaA B Apyroit sanmen

u2 V1 — Uz/fz V1 — u'2,’ca (118)

1 -2 =
1+ u'v cos o' [c?

Vl — vl u’ sina’ (12)

wcosa 4+ v ¢

tga =

8 B, NMayaz
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OGparubie (opMYBI MONYYATCA W3 NPEBEIEHHBIX 3aMeHOI
v— —v, JIna a0conoTHHIX 3HAYEHHH CKOpPOCTEH HPHA CJI0-
JKCHOM WMeeT MeCTO KOMMYTATHBHEBI 3aKOH; OH He HMeeT
Mecra Ana mampasiernus ckopocreit. s (10) cpasy momywa-
forcss QOPMYJNBl, OTHOCAIIWECA K TEM YacTHBIM CHYJaaM,
KOT[la CKJajbIBaeMble CKODOCTH OAapaslelbHBHl HJAN HepIeH-
ARKYJIADHEL APYT APYTY.

Nlanee, n3 (1la) cnemyer, 9T0 cyMMa [BYX CKOpOCTef,
MeHBIIEX CKOPOCTH CBeTa, BCErjJa MEHLIIe CKOPOCTH CBera.
HeBo3MOKHOCTS CKOPOCTH OTHOCHTENBHEOTO ABH/KEHHA MBYX
Ten, Gonnmiell, 9eM CKOPOCTH CBeTa, CJHeAyeT Yie W3 TOro,
gro mpeoOpasosamus (I) B oTOM ciaywae OPHBOAAT K MHHA-
MBIM 3BadeHMAM Koopauuar. MoyKHO yTBe)KZaTh [are
Gonpime: ecam meiicTBme pacnpocTpanserca B cucreme K co
CBepXCcBETOBOM CKOPOCTBIO, TO MMEIOTCA Takme chmcreMul K,
apmKymaecs oraocuteabno K co ckopoctaMm v <¢, B KOTo-
pHIX co0biTme, mpomcxofsamee B K nocae HerOTOpOro Apyro-
ro, OPOMCXORHUT pAaHbULe 3TOTO mocaensero. MmenHo, npnum-
MmasA, yro u,=u,=0 B u>c¢, uMeeM mocie oOpamesns
dopmynnr (10) :

u—0v
u' - 0,

1 — uv/c?

ecan c/u < v/c <1. [ockonsky, TaknM o06pa3oM, NOHEATAA
OPUYNHBl U CACHCTBHA MEHAIOTCA MecTaMd, Heo6X0amMo cre-
JaTh BBIBOJ O HEBO3MOM(HOCTH CHTHAJOB, PacupOCTPaHA0-
muxcs co csepxcseToBofi ckopoctbio [49]. Ilostomy cko-
pocTh CBeTa B TEOPHM OTHOCHTEILHOCTH HIPaeT BO MHOTAX
OTHOIIEHAAX PONb NPefenbao HonbInoli ckopoetn. Jisa Toro
4To0K NOpEeJCTBPATHTL BOZMOMKEBIE HeJZOpasyMeHHA, KOTO-
phié 94CTO BO3RMKAIOT, CAEAyeT MONYEPKHYTH, 9TO IO CAMO-
My €6 BRIBOLY TeopeMa O HEBO3MOMKHOCTH CBEePXCBATOBHIX
CKODOCTEH chpaBe[iiuBa Juilb B TaJdHieeBHIX CcHCTeMax
orcuera *).

Paccmorpnm Tenmepr mompobuee ToT cayuail, kKorga ojHA
U3 CKJAAJ(bIBAEMBIX CKOPOCTEeH paBma CKOpOCTA cBera, T. e.
u' =c. Hanmpasneaue CBeTOBOr0 IyYa OCTABAM OPOH3BONb-

*) Peub maeT o HEBO3MOIKHOCTE JBMKEHUS CO CBCPXCBETOBOH CKO-
POCTBIO CHTHAJNOB, ¢ MOMOILLI0 KOTOPHIX MOMKHO Depejaasath mEdOP-
mannto. Teopum OTHOCRTEJNBHOCTH HE NPOTEBOPEINT CYILECTBOBARMO
CBePXCBETOBBIX CKOpOCTell (KOTOpHle MOryT, Hampumep, BOSHRKATh OpH
JBMIKCHUA CBETOBOro safivmka mno skpamy: Cwm., manpmumep, [II.3%
¢, 212] m {IL4* ra, 9} Hpumex, ped,
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geiM. [Ipexne Bcero m3 (11) Bmumo, uro u =¢, T. 6. cyMMa
CKODOCTH CBeTa W CKOPOCTH, MeHbIIeil CKOpPOCTH CBETa, pas-
Ha onATh cKopocTu csera. Coormomenue (12) maer

Vi — B%sina’
cosa’' +p °

9710 BHIPajKeHMe HpefcTaBusier coboil peasituBucTCcKyIo dop-
MylZy Aa afeppanum cBera, KOTOPYI0 OHHIUTeHH BBIBEJ
yKe B cBoell mepsoil pabore. Ee Goaee crporoe ofocnosanue
Gyaer naso gmske. C TOYHOCTHIO 0 BENMYHB MEPROrO HOPA-
Ka OHa coBmajlaer ¢ Kiaaccmueckoil dopmynoit. Teopua oruo-
CUTeJBHOCTM BHOCHT 37ech NpPUONAIHaJbHOE YIPOIeHHe,
3aKI0YaKIeecss B YCTAMOBICHHH HOJHOH HACATHIHOCTH
ABYX CIydaeB: ABIKYIIHICA HCTOYHUK CBeTa — HeNONBMXK-
HBIf HabmogaTenb W HeOONBM;KHBIH NCTOYHAK CBETA — JHBH-
smymuiica maburofartens.

Bropoe BasiHOe mpmMemenme TeOpeMBl CIOJKEHUA CKOPO-
creil diimmreiina, Ha KoTopoe Buepshle ykasaa Jlays [51]
moclte Beypnawmoil moubiTku JlayGa [50], cocromt B 06mLAcC-
HeHUH (hpeHeseBcKoro koddpduumenta ysieuenud. Hax nm B
crysae abeppanmi, pensiTmBHCTCKas (POpPMyaa ¢ TOYHOCTHIO
710 BeQMYUH NePBOTO OOPSAAKA COBUANAET ¢ BuIBemennofl Jlo-
pennmeM *) B paMKax crapoii teopun. PexsaTuBmcTcKuiE BBI-
BOJl mMeeT, OfiHAaKO0, TO 0OJBOIOE mpPEerMYINecTBo, 9TO0 OH MpO-
me ¥ 73 Hero O4eBHfHA HE3ARMCEMOCTH KOHEUHOH POpMY.ar
OT CHEMUAJNBHLIX NPEANOACKeHMH 0 MeXamm3Me IperoMie-
HEA cBera. Hpome Toro, camMo ODOEWMaHEe BONpoca KHOe.
Pamrme onmir ®u3o paccmarpmpancsa Kak mpaMoe [OKasa-
TEJBCTBO CYIECTBOBAHNS HEMONBHIRHOrO 3(Hnpa, MOCKOABKY
OPHHAMAICCh ¥¥), 9T0 CBETOBBIE BOJHBI PACHPOCTPAHAIOTCH
OTHOCHTENbHO [BIUKyMeHcsa cpe sl He €O CKODOCTBIO c¢/n,
a co cropoctbio ¢/n—v/n? C pelaTusmcTcKOfi TOUKH B3pe-
HAA 3TO He TAK, B CHJY HEBO3MOYKHOCTH MPHMEHATDH
3fech OOBIKHOBEHHYI0 KAHeMAaruky. Mbl DOMKHBI IpWHATS,
are Aas wabawomatend, NBHJKYIETOCS CO Cpeloil, cBeT pac-
OpocTpaHAeTcsa BO BCe CTODOHBI €O CKODPOCTBIO c/n. Yike m3
BTOr0 CJejyeT, 4TO MisA HabOMIOFATeNsd, ABMIKYINEroca €O CKO-
POCTBIO U OTHOCHTENBHO Cpedbl, CBET paclpOCTpaHseTca He
co cropocThi0 ¢/n + v, a ¢ HeKoTopoli ckopocThio V, ompe-

tgo = (13)

*) Cm. crateio V, 14, § 16 B Enz. math, Wiss. Boxee mpocroit
BhiBo koapunmeHTa yBIeuenus MeTOAAMH SAEKTPOEHOH Teopnm Jlo-
pern paer B [52].

**) Cwm., pampumep, [53],

3*
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neinneMolt coornomenmamm (10). Mm orpammummcs 37echk
clyJaeM, KOT[a HAampaRJIeHHe cBETa COBIAfAeT ¢ Hampamie-
HEeM [BIKeRHA HaOJI0aTels OTHOCHTENLHO cpemsl. B o6-
mem ciydae, K KoTopoMy Mmnl Bepemcs B ra. 1II, § 36, v,
UPAMEHeHHE TeOPeMBl CIOKeHHs cKopocredt Tpefyer ocro-
posaoctn. onaras Ux = u’ = ¢/n; u, =u = V, monyuaen,

ucoonbays nepsoe w3 ypasmepmit (10),

e/n+v ¢ 1
V—1’+j1m~7—+v(1-—;§), (14)
rie BTODOE BHIDAJKeHHe UTONYYaeTcs, ecHM OrpaHmINThCs
TMeHaMu OepBOro mopsAjaka. B caydae mmcmeprupylouteii cpe-
ABI B DpaByi0 YacTh 5Tod GopMynb nyKHO BHECTH, KaK OT-
merun Jlopernm [54), eme ommy nonpasky. Kag sacmo m3
BLIBOZla, B BTOM cjiyYae n ecTh NOKasaTelb NpeJOMJIEHHA
I GARAE BOJHE A’, m3MepaeMoll B cONyTCTBYMWOIel cmcre-
me rooppuuar K’. Bemeacreue addexra [lommepa, Teopus
KOTODOr'G paccMOTpeHa HU:Ke, OHA BRIDAKAETCA 4epes Aaummy
BOJXHK! A, m3Mepsiemyo B cucreMe K:

- AN .
L~x(1+u,) x(1+c)
(MBI Orpam@mYmBaeMcA W 37ech WIEHAMA TepBOro MOpsjLKa),

TO03TOMY

c ¢ ¢ dn , no

a() - (M Radr

o, ecan mucartk n Bmecto n{A), monydaeM OKOHTATENLEO
c 1 A dn
V=~u~+v(1——-;~——~—-). (142)

3eemamy [55] ymamoch sKcmepMeRmTanbHO MoKaaaTh BANHA-
que 706aBOYAOro WIEHA

Adn
n d)°*

OKCIeDEMEHTANLHO8 YCTPOHCTBO MHOTOKPAaTHO W3MEHS-
70Ch, NpUUeM CBET BHIXORHMJ Yepes ABHKYIIYIOCA HOBEpX-
HOCTh, & HE Yepe3 HeNOABW/KHYIO, KaKk pamsme. Maorga crer
BXOAHJ NEPHEeH[NKYNAPHO K HANDABJEHHIO [BUKEHAA Texa,
B KOTODOM OHpefeasnoch yBiaevesme. [Ipm aToM @emoasaora-
AUCH CTERNIO M KBApH BMCCTO JRUAKOCTH, OpuMeBsBuiefica



§ 6. CIOMEHUE CKOPOCTEY. ABEPPAORA 37

"(@uzo. B yxazamEmBIX cAyYaAX Teopus HYMEJAeTCa B UBBECT-
gsIX u3Menenusax (uo cpasmemmio ¢ Teopmeit onsita Dnao),
HpUBOAAIINX K Komednoil gopmyne, oramusoit or (14a)*).
ITocrynarenbHoe gBHIKenue B PAJAEC BKCNEPAMEHTOB 3aMeHHA-
nock Bpamenmem. Ocobenno sameuarenen onwuT CadbAKA
(B KOTOpOM Bpalaiiuchk BMecre Bce dacTu pDpubopa), Tar
KaK U3 HETO cjejiyeT, 4To Bpamlefne CICTeMH oTcyeTa OTHO-
CHTEJbHO Taduneesoil cmcTeMBl MOSeT OBITH YCTAHOBJICHO
OOTHYCCKUMY ONBITAMHE BHYTpH caMmoil oroll cmcremsl. Pe-
3yJbTAT OMBITA HAXOAUTCA B HONHOM COrjacim ¢ Teopuei
oraocarensunoctu. Eme pamee Maiikenncon [62] npemmosxua
aHAJIOTHTHBIN ONBIT JJA HOKA3aTeJbCTBA Bpamienua 3eMIM.
C TeoperndecKkoil TOYKHM 3pEHWA 3TO OPeJIoNienue MOApobHO
o6eymun Jlays. Mel umeeMm spech feno ¢ onTHIECKUM &HAJO-
rom onbita Dyxro ¢ masitauKoM (cM. Dpmmed. 3).

Pas6epem teneps apdexr Jlonnepa, tperve ¢yngamen-
TagLbHOE [JIA ONTHKM NBIDKYIINXCA TeJ ABIEHUE, XOTA OHO
g HE CBS3aHO C Teopewoﬁ croseHnss cropocreil. Paccmort-
puM O9eHb YHadeHHBIA HCTOYHMK cbeta L, moxosmumiica B
cacreme K. Habmiomarens maxogurca B cucreme K', mBmmy-
meiica oTHOCHTeNbHO K CO CKOPOCTBIO U B HAMPAaBJIEHHA MO-
JMOKATEeNbHLIX 3HAYEHNH KooppunaTl z. Ilycrs auwnwma, co-
eIMHAIOMIAA HCTOUAMK cBeTa m Habnogarens, obpasyer c
ocvio z B cucreMe K yroa a um, KpoMe TOro, oCh 2 MNEPIeH-
ANKYAADHA K NJOCKOCTH, ONpefenseMofl AByMH STUMH Ha-
npasnenuname. Torpa B K asa cBeToBoil BONHKE 3afaercs
BHIPpAIKEHHEM

exp {2m‘v [t . xcosaj—ysin a]},
rie v — co0cTBeHHAd JACTOTA MCTOUHMKA cBeTa. Hak MBI mo-
raxem noppobmee B ra. 111, § 32, 6, dasa mommuma OHTH
ausapnanraa. [1osroMy MOMKHO HMMeTh MeCTO PaBeHCTBO

exp{Zniv'[t’——x cosa’ +y sma]}=

[

— exp {2niv [t __zcosa -+ ysin oc]}.

¢

*) ITogoGatle skenepuMenTs! nposefenn CampsaxoMm [56] (Teopms
nama B [57], [58]). (O rTeoperuieckom momumammu cM. [59] m, Baxo-
Hell, |’]60]) Teopnﬂ BCeX 9TUX ONHITOB AETAABHO pasBuTa B pado-
Te {61
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C nomompio (I) cpasy nonydgaem orciona

’ {—Pcosa
Vo v (15)
Vi—g
, cosa—B ., . , sina V1——52
cos o =1—m, sSind —-——_———i_ﬁcosa ) (16)

OTKyJa, fmajee, caenyer, 4yTo

, sina Vi —p?
tgo'= ~Gsa—p (16a)
n
gy =) gl (16b)

VYcrasorEM (I)opMyny npeoGpa3oBaEms Tejecmoro yraa dQ
HEKOTOPOro CBETOBOro mydgra. Tak Kar

dQ'[dQ = d cos a’/d cos a,
H3 COOTHOMEHMHA
1+pcosa’ =(1—p2)/(1—Bcosa) (16¢)

oyreMm AnddepennupoBaHEA cpa3y HOnydaeM

3
a0 =—1=F o (17)
(1—pcosar)

Qopuyna (15) ects puipanenue adpderta Jomnepa, dopmy-
ana (16a) wpepmcrasasier coboft ofpamieHne padee BCTpedaB-
meroca ypasmenma (13). Mer nomyumam, TaxkuMm o0pasoM,
BOBHIA, Gollee CTPOTHil BHIBOX pPeIATHBUCTCKOE (QopMynsl
abeppanmn. Kak m cnenosano ommjars, Boipamkenne (15)
Aaa spderra Jlomnepa TamKe cOoBmagaer ¢ KIACCHIECKAM,
¢ TOTHOCTBIO [0 WIEHOB Iepsoro mopAfKa, KOTOPHE TOJBKO
I JOCTYHHEI fJA SKCOepPEMEHTAJbHOH mposepku. Hak @ B
ciygae afeppamud, TEOpHMS OTHOCHTENBHOCTHM BHOCHT 37°Ch
oo KpaiiHeii Mepe OfHO HOPHHIOUNMNANBHOE YODOIeAuWe, TakK
KaK paccMaTpHBAeT KaK COBEPINEHHO WJeHTHYHBIE Dasin-
YaBIIHEECH B CTAPOH TEOpHW B B AKYCTHKE CIYYaM: IOKOS-
muiicad HCTOYHAK — ABIKYmuiica Habaomartels H [ARIKY-
mAcsa HCTOYHRK — [OKoAIuiics nabiionaress,

Jlna TeopuM OTHOCHTENBHOCTH XapaKTepHO, YTO HRarke
TOrJa, KOTAa CKOPOCTh MCTOYHHKA CBETa IepOeHJUKYAAPHA
K Hampasiemuio HaOalofesus (T. e. cosa =0), addexr
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Jonnepa me mcwesaer. B asroMm cayuwae cormacro (15)
amMeeM *)

v =v/T1—p? (17a)

9ro momepedHoe JOIIEPOBCKOE CMeLNeHHe B KPACHYIO CTODO-
gy Haxo[UTCA B NOJHOM COTJIaCHH ¢ 3aMeNIcHHeM BpeMeHH,
OOCTYNHPOBAHHEIM AaA N06bx wacoB (cm. § 5). Cpasy me
mocne toro Kak Illtapk mabmoman sdpdexr Homaepa B ce-
Te, H3NYIAeMOM KaHAJNOBHIMA nydamm, Jiimmreits [63] yxa-
3al Ha BO3MOKHOCTH O0HApy:KeHms Houmepevnoro sddexra
Jonnepa myTeM UCCIE[OBAHNA CBEYCHWA KAHAJOBHIX JIYdeil.
Jlo cmx mop, OfHAKO, He YRANOCh OCYLIECTBATH BTOT @KcIe-
pPHEMEHT, TaK Kak KpailHe TpymgHo cpexats o GamaxaM k 90°
A OTAeJHTH pelsAaTmBACTCKUi monepeunsii adderr [Jommepa
0T OOBLIKHOBEHHOrO IPOJOJNBHOrO (CM. IpuMed. 4).

*) OGBIYEO BCTpewaeTCA HECKONBLKO HMHASA MOCTAHOBKA BONPOCA:
PaccMaTPUBAETCS 9YACTOTA MCTOYHAKA, ABHMKYMErocs DepHeHIuKyIAp-
HO K Hadiopnarelio B AafopaToprOi cacTeMe oTcuera (T. 8. B CHCTEM®
orcuera K’, B Koropoii Habaroparens mokourtcst), Ecam oGozmaumts
0 = m— o’ yron Memay BeKTOPOM CKODOCTE RCTOYHAKA M HAODABJe~
HEEM Ha Hero B cmcreMe K', 70, mcmoasdys (15) = (16), umeewm
Vi-g
1 —fcost
ODeBNUKYAApPHO K HaGaopgatenwo B cucteme K/, 10 cos =0 g v =
= vJ1 —§? (cmemenne B Kpacmyio ¢Topomy).~— Hpumeu. ped.

vi=v H, B acTOOCTH, KOrJa HCTOYHAR JABMKETCA OOp~
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MATEMATHYECKIA ANIAPAT

§ 7. Yersipexmepuniii mup (Munronexnii)

Kaxr 6oiro moxasamo B mpefmigymedt riaase, IOCTYJIATH
OTHOCHTENBHOCTH W HOCTOSHCTBA CKODOCTH CBETA HPHBOAAT
K MHBAPMAHTHOCTH BCEX B3AKOHOB LPUPOJE OTHOCHTEIbHO
rpyunsl Jlopeana. ITog rpymmoit Jlopennma M mogpasyMmeBa-
eM COBOKymAocTh Becex !0 npmueflnmix mnpeoGpasoBanmit,
ynosgersopsiomux ypasaenmio (II). Hampmoe taxoe mpeol-
pasoBagme MosKeT OBITH COCTABJIEHO U3 BpalleHAs KOOPIUHAT-
HOA cucreMbl (K COBOKYHHOCTH KOTOPHIX MOKHO mpuOaBHTH
O OTpaKenme) W COENAAJBHOrO JopeHnesa mpeobpaso-
Bagmg tioa (1)*). C Tourwm 3peHma MaTeMaTHKH CIeRUab-
HAasA TeOPHs OTHOCHTEIbHOCTH ABIAeTcA Teopumell mmBapmaH-
toB rpynnsl Jlopenna.

Ee ocmoswl 3anomens paGoramm Munkosckoro [64]**),
KOTOPOMY YHAJioch MNPHUAATh TOH TEOpPUHM OYEHb H3ALAYIO
MaTeMaTHyeckyo (opMmy, HCIOABL3YS ABa 00CTOATEeNbCTBA.

1. Ecau esectu emecro 06blunozo 6peMeHu t MHUMYIO
seaununy u =ict, To gopmasvHoe nogedenue npocrpancr-
8EHHBIT KOOpOUHAT U KoopOunatvl epemeHu 6yder odunaro-
eulm 6 npeobpagosanusx spynnet Jopenya u, caedosarean-
1O, 60 6Cer 3AKOHAX nPUPOObl, UHEAPUAHTHBIL OTHOCUTEAb-
Ho aToli epynnul. JleficTBMTeNbHO, TOTRA XapaKTepHBIH Aag
rpyunst Jlopenna mapapuant

2?2+ y?+ 22 — c¢U?

*) Ipm nepexoae or opeo0pazoBaBua KOOPAMBAT K Opeolpasosa-
ario mx auddepeRnmanos cMelieAne Havala KOOPDAWHAT HE BEHI3BIBACT
npeoBpazosanuda. O§ orpaEngeHnm HA AOOYCTAMEIE mpeobpasoBamus
rpynnsl Jlopenna, BHITEKalomue N3 YCIOBAS [eHCTBATENBHOCTH, H
06 m3aMemeHHH 3HaKa BpeMenm cM. § 22,

*+) B paapmeiimeM 3tw TPYAH LETEpyloTca Kak «MaBKoBcrumil
I, II a IID»,

B xauecTBe npejmiecTBenEuKa MUHKOBCKOrO HYKHO YHOMSHYTH
Ilyankape (Rend. Pal, cm. [14]), KoTOpLII BROAUJN MHUMYIO KOOPAH-
HATy u = ic! m 9acTo oGbeQMHAN BMecTe KaK KOODAMHATHI TOYKH B
R, BenmummH, cefiuac HasmBaeMBle KOMOOHeHTaM: Bekropa. Heworo-
Pyl0 poxs mrpaeT B ero paGorax TaKMKe HHBADHAHTHOE DAacCTOAHHS,
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mepexofiAT B
22+ y?+ 224wl (18)

IToaToMy mpefcraBifeTcs meaecoo0pas3HBEIM ¢ caMOro Hadaja
H6 DAa3[eaATh IPOCTPAHCTBO M BPEMMA, & paccMarpuBath de-
THIPEXMEPHOEe HPOCTPAHCTBEHHO-BpEeMeHHOe MHOrooOpasue,
KoTopoe MHI BMecTe ¢ MuukoBcKEM KpaTko GyjneM HA3bLIBATH
MUDOM.

2. Bepasxenne (18) wmmBapmaHTHO OTHOCHTEXBHO NpPeol-
pasosaruaA JlopeHma m sBaserca KBajpaTmunoii gopmoil Ko-
ODAMHAT, 9TO HABOAWT HA MEICABL DPAacCMAaTpPUBATH €ro Kak
keadpar paccroanus mupoBoii Touku P(z, y, z, u) or mada-
Ja KOOPJMHAT 0 8HAJOLHM C COOTBETCTBYIOIIEM KBaJpaToM
paccrogumsa 22+ y?+ 2?2 B obwiumoMm mpocrpamcree. Ilpu
8TOM 6 UeTLIpeTMEPHOM Mupe esodurca eeomerpus (MeTpu-
ka), eéecoma podcréennas eskaudosol eeomerpuu. Ilommoro
coBOafleHUA 00emx reoMeTpuil, OHaKO, HET BCJAEJCTBEE MHI-
MocTH ofiHOH m3 kooppmHar. Hampumep, mse mupoBnie TO-
Kd, HaXOfAIuecA HA HYJEBOM PACCTOSHHH APYr OT ApYra,
He ofas3arempHo copmafgar. B § 22 sro Gymer pasmAcHeHo
Gomee moxmpobuo. Hecmorpa ma »T0 pasnmume B reoMerpude-
CKIX CBOHCTBAaX, MBI MOKEM, OJHAKO, PACCMATPHBATH JOPEH-=
meBo Ipeo0pa3oBaHUE IO AHAJNOTMM ¢ BpPAI[eHHEM KOOPAH-
HaTHOI cmcTeMBl B R3 Kak oprozonadvhoe numeiinoe mpeol-
pasoBaHme MHUPOBHIX KOODAUHAT W KaK Bpamenme (MHEMOe)
MEpPOBEIX oceil. M, Tak ske kak OOLIYEBIE BEKTOPHOE M TEH-
30PHOE HCUHCIEHNA MOKHO DPACCMATPHBATH KAK TEOPHI0 HH-
BapHAHTOB JHHEeHHOTO OPTOroHANBLHOTO MpeofpaszoBaHASA KO-
opAumEAT B f3, Teopusa WHBADHAHTOB rpymnmsl Jloperma mpum-
HEMaeT (ODMY YeTHIPEXMEeDHOT0 BEKTOPHOrO M TEH3OPHOTO
asammsa *). Mel MoskeMm, TakuMm o6pasoM, cQOPMYIHPOBATEH
BTOPOIl BayKHBII JJIA TeopwMu MOMEHT cjegylomium oGpasoM:
ecaedcreue T020, ¥T0 epynna Jopenya coxpanser uHeapu-
auTHOU Keadparuunyio @Gopmy ueTviper MUpoguLlr Koopiu-
HAT, TEOPUR UMEAPUAHTOE JTOU 2pynnvl Jonyckaer eeomer-
puxeckoe npedcragieHue U OKA3bI6AETCS  €CTECTGEHHbLM
0606wy enuem 06LINHO20 6eKTOPHO20 U TEH30PHOZO UCHUCAE-
HUS HA CAY4al 4eTblperMepH0o20 MH020006pa3Us.

*) B 0CHOBHOM STH HJ€H CONEPKATCA B ysKe NETHPOBAHNHHIX pa-
Borax MEEKOBCKOTrO, OLHAKO CHCTEMATHYECKO® U3NOMemHe WX NaH0
Buepsse ommepdensom [65].
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§ 8. Boxee ofume rpynns mpeoGpasoBanmii

UYro6st passuTh 8icch MaTeMaTHYecKuil ammapar, Opu-
rojaelif m jua obuieil Teopum OTHOCHTEJNBHOCTH, DpUBEReM
HEeKOTODBIE ee [O0JIOKeHUs,

B ofmeit Teopunm OTHOCHTENBLHOCTH yiKe Heabad Goibime
OIPENENINTE PACCTOAHHEE MEKAY ABYMS TOUYKAMH, HAXOAAINM-
MHCS HAa KOHEYHOM paccTOsHHH APYr OT KPyra, TAK NpOCTO,
Kak 910 Gbuio cpenano ¢ momomibio coormomerua (18). Op-
HAKO H B BTOM cJyUae KBAaApar paccroanma ds? Mexuay ABY-
MA OeckOHeuHo 6AU3KUMU TOYKAMH MOJKHO IPEACTaBHTh B
BUfle KBagparuiHoll QopMLI nmb(bepenuuanoxa KOODAiMAAT,
OGoszatnM KoOpAMHATH He Z, Y, Z, U, a z', 2% 2% z' mam,
Kopode, z', a Kod(PUOEEenTH KBagpaTHYHON q)opmm—g.p..
Onycrum (mo Dimmreliny) 8max CcyMMUDOBAHNMH, NpPUBAB
pas maBcerga, 9To Opom3BofuTcsa cyMMmuposaHme or 1 mo 4
00 KajkIOMy MHJEKCY, BeTpedamomeMyca ABaRAHL. MBI Mo+
JKeM HAOHECATh MOITOMY: :

ds? = godz'ds®  (gn = gu). (19

CyMMupoBagne cHpaBa IPOM3BONHUTCA TAK, 9TO HHAEKCH i B
k mpoberalor smagenus or 1 o 4 He3aBHCHMO APYTr OT ApPY-
ra. KoM6umanun i, k, B KoTopsix i 7 k, BCTpE9alTCA HOITO-
My B (19) mo nBa pasa, koMOumamum, B KOTOPHX k ==i,—
TOJBKO IO OJHOMY pasy. OTe HOPHBOAUT, HampaMep, K TOMY,
910 opu aaddepernupoBanuE KBagpaTuuaofi GopMH

J = guu'u
mo u' monmywaercs

dJ/du’ = 2gquP, (20)
YTO COOTBETCTBYET TeopeMe JHaepa

u'dl/du' = 2],
B supaskennn (19) gu, BooOme rosops, Moryr GHTH mpoms-
BOALERIMA PyHKnuAME KoopauHAT. COOTBETCTBEHHO 0o0mas
TEOPHA OTHOCHUTENbLHOCTH LOCJAE TOTO, KAK BeJWYMHH gy ON-

pellefieHbl, WMeeT AEN0 ¢ Teopueil HBBAPHAHTOB rPYNOE!
BceX To4YeuHLIX mpeobpasoBaEmil

gt =2z (2!, 2% 25, 2').
Crenya spnamrénckost nporpamme Hueiima [66], MBI faem

ceAymMUN MepeyeHs Ba)KHEHOIUX A (QUBHKA rpyud mpe-
o6pa3oBaHuil, 0TIaCTH JOUONHAA cKasamHOe BHe, Hamkpan
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pBefienHag B HeM rpymma (sa mcruogermeM B’) copmepmr
DPeRLIAYIIYI0 B KadecTBe IOArpY MBI

A. Tpynna nummeiiHBIX 0pTOroHalsHBIX mpeofpaszosanuit
(rpyoma  Jlopemma), KoTopas ocraBiger MHBADTAHTHBIM
KBaJpar paccTOgHNA

2 2 2 2
§? =2y + x5 + x5 + 4.

Heopmoponusie npeo0pa3oBanmsa MOKHO OpPH STOM IO Hieja-
B0 IIPHYUCIATL K TPyINe miu HeT. Kciam ompefgenurh Io-
pemmeBy rpyOmy Kak rpynmy imuefinbix npeofpasoBammi
dudpdepenyuance KOOPAHHAT, NpH KOTOPLIX OCTaercs WHBAa-
pHAHTHBIM KBAf[paT DacCTOARMA GeCKOMEUHO OAUSKUT TOUEK

ds? = da? + dx} + dal + dzj,

10 oma GymeT cocTosATh u3 8 0dnopodntiz Dpeobpazobammil.
Jlns HeKOTOPHIX NPHIOKEeHHH, OJ{HAKO, BajKHBI MMEHRO CMe-
mennA Havan koopguHar. HeoGxopmmo rtakike pasamiaTh
rpyunmy co0CTBEHHO OPTOFOHANBHBIX MNpeofpasosanmil ¢
yHKIuOHANBLAKIM oOmIpenenmrexeM, pasmbM +1, Koropsie
HEIIPepPHBHO MOTYT OEePeXONUTh B TOHiecTBemHOe Opeolpa-
30BaHIe, I OXBATHIBAIOIIYIO €e IPYNILY, COMePIKallyio TaK#e
CBABAHHLIE C OTPAKEHHAMU HecOOCTBEHHBIE OPTOrOBAJILHEIE
" nmpeofpasoBanns ¢ OIpefeanTeseM, paabM — 1.

B. Apdurmag rpynma, cojeprKamas Bce NAAeHHbIe Ope-
o0pasoBapud.

B’. I'pynna adduunsix mpeobpasoBammii, KOTOpaa coxpa-
HfeT HeI3MeHHBIM YPaBHEHHe CBeTOBOro Komyca

2 2 2 2
2] + a3+ a3+ 23 =0,
IIpu stom
2 12 ’2 12 Py 2 2 2
2 + 2, +x3 + 24 =p($1+$2+$3+$4);

e p — mponapodbHas Qynxnmsa xoopammar. O mpaMesenun
aroii (xomopmuoit) Tpynmsl K ypasmeamaM Makcseana m o
ee ponn B Teopma rpasmranmu Hopacrpema cv. § 28 65, 8.

C. TlpoexrmBras rpymma Apo0Ho-THHEHRBIX mpeobpasona-
gmii. Ona wrpajga GOdbIIyI0 POJAb B DAHHNX HCCIENXOBAHUAX
MaTeMaTHKOB Mo HeeBKIHoBoit reomerpum. [as ¢usmron
aTa rpynma He Tak Bamma (cM., ognaro, § 18).

D. I'pynna scex T09e9HBIX HpeoGpasoBammil, COXPABAIO-
mux mEBapuanTHOh pudpdepernumansuyio dopmy (19). Teo-
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pusi MHBAPUAHTOB 3TOll rpynnsl npegcrasiaser coboil Temzop-
HOe mcuncienye ofuieil Teopnn OTHOCUTENBHOCTH.
E. Donee o6man rpyuna Bedas (cM. ra. V, § 65).

§ 9. Tenaopuoe ucuucaenue B apdunyoii reomerpuu *)

Yrobsr u3besraTh Pa3aHSEOTO HADUCAHNA ORUHX # TeEX
sme GopMyn B cnenmanbuoit m obmiell Teopmm OTHOCHTEABHO-
CTH, Mbl cpa3y He OymeM orpaswduBarh ceGsa OpPTOrOHAJILH bl
MH npeo0pasoBaHVAME O IIOJNOMAM B OCHOBY HAIIMX pac-
cy®pnennit rpynny addunppx npeobpasosanuit. I'eomerpu-
d9ecKM 3TO 03HAyYaeT, 9T0 Mbl OyjgeM paccMaTpuBarh KOCO-
yronbaele (HO He KDPHBONHHEHHEIE) CHCTEMBI KOOpJHUAT,
Rosddunnenter g, upn sToM NOCTOSHHBL, HO HE HOPMHPOBA-

HEl ycaoBneM gi; = 03, UMemuM MecTo B OPTOTOHANBHBIX

R
Koopaunmarax. Uro racaerca Beaumuun &3, To oHU onpeeXs-
10Tca caefyromuM obpasoM:

0, ecam i=%k,

o =
¢ 1, ecnm i = k.

(1)

Tensoproe wumcumciesme MOKHO BBOAUTH Pa3IAYHLIME
cmocobamn. Moskio, manpmMep, WHTEPUPETHPOBATH KOMIO-
HEHTHI TEH30pa KAaK NPOEKNAH HCKOTOPOrO I'eoMeTPHYeCKOro
00pazoBaEna MAM OIHCATH YHCTO aarefpamuecKsm safammeM
uxX moBefleHnsa npu npeoGpasoBaEnm Koopammar. MumKoB-
cKuil paccMaTpmBal TeOMeTPHYECKH TOJBKO YeTHIpeXMepHbIid
BEKTOP, B TO BpeMs KAK BBeJleHHOE UM BIIepBLle MNOHATHE
GuBerropa (HaHW, KaK OH HA3BIBAX €r0,— BEKTOPA BTOPOrO
pona) Gprmo ompefeseno umcro aarebpamueckn. PaGorsr 3om-
mepdensfa [65] cmenann, ogHAKO, TeoMeTPHMYECKHHA MeTOJ
FOCHOCTBYOIUM, KOTOPHIM OH OCTAaBajcA A0 TeX MmOp, MokKa
rpynua Jlopenna me Gbita 3aMenena Gosnee ofuuMH Tpyuma-
M opeobpas3oBaniil.

B paGorax Puuun n Jlesn-Uusnrs: [67], B xoTropeix Gula
sano)ked (DYAJAMEHT TEH30PHOrO0 HCYHCIEHHsa MAiaA obmeil

*) Kpome nepesmciennoil B § 7 JIuTepatyphl, CIeyeT OTMETH rh
[67] Heckoubko 0TAMYHYIO TepMuHodormio ynorpefasior B [68]. Ila-
aee cM, [69]. OrHoCHTEILHO CHCTEMBI B3a@MHLIX BEKTOPOB CM. TaKiKe
C. Runge [70], rue usnomkenme orpammgeno, opnako, Rs. [lanee, cu.
no mosopy craenyouux pasgenos [71]. Hymno ewne ormeraTts, uto
UBIOMN{eHHOE 3]ech Ten30pHoe ucuncienne adpunuoil rpynusl opeof-
pasoBar@i KOOD/MHAT TOJILKO MO TEPMOBONOIRW OTJIAYAETCA OT 0fbld-
HOJ TeoprMm mEBapRAHTOB anreGpanmyieckax dopu.
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rpyNNbl TOYedHbIX mpeobpazopaunii, 3a HCKIOTIEHHEM IO-
OBITKA HATePHpeTaniy Ko- # KOHTpaBapuaHTHBIX KOMIIOHEHT
BEKTODA, HET HUKAKHUX reoMerpudeckux paccyxpennit. Toxs-
Ko B mocaenyomux paborax [eccenbGepra, Jlesu-Umpurh n
Beiina [72, 78—80] cnosa Gonee mofuepRuBaeTca reoMert-
pmgeckas cTopoHa Bonpoca. Tako#l moaxox K mpobixeme B
monHOH Mepe XapakTepeR m s guccepramnu Jlamra [69].
Unpero anre0panvccKoe U3JNOMKeHHE OPENNOITHTENHHO #3-3a
OpOCTOTHI, reoMeTpudeckoe jKe — m3-3a marasaHocTd. Mp
HauHeM ¢ anre6pamTecKoro mojxoja, OflFAKO WO3LHEE B OT-
REeIBHBIX cJayYaAX HAAHM T[EeOMCTPUIECKYID HHTEDPNPETAIIIo
PACCMOTPEHHBIM HOPATHAM H TeopeMaM.

Béauannsl @injm .., B KOTOPHIX MHAEKCHl HE3aBHCHMO
APYT OT Apyra Moryr npurnMars 3Hadenms 1, 2, 3, 4, ma-
3BIBAIOTCA KOMIOHEHTAMM TeH30Da, KOBApPHAHTHOrO IO WH-
fgexcaM iklm... m KoHTpDaBapmaHTHOrO 1O uHjexcaMm rst.., ec-
au npu apdurHOM IpeofpaszoRanuu KOOPRHHAT

z" = aprh, (22)
00paTHEIM KOTOPOMY OyfleT mpeo0pa3oBaHme
N W (23)

o
(rme kosdunmenTs! @ YNOBIETBOPAIT COOTHOIIEHMAM

ior =k B
Oy = A0y = &3 ), (24)
OHM IpeoGpasyioTes 1o 3aKoHy *)
‘rst.., POT... "UH A r_s
Aipim.,. = Quap.. FilrXy oo o Xpg « o s (25)

B aTuX BHIpPAYKERUAX, COLNACHO NPUHATOMY NpaBUly, HPOH3-
BOJIITCA CYyMMHDPOBAHME IO MHAEKCAM, BCTPEYAIOMIIMCH [IBAK-
xpt (o6 ofobmennn aToro onpemenenia Ha Ja6oe Tpeod-
pasopaune roopiunar cM. § 14). Yncno mnyercos B Kommo-
HeHTe TeH30pa HAa3wBaoT ero panzom. TeHA30psl ©BEpBOroO
paHra HasblBalOT Tak;ke BexTopau. IIpocreimmm mpuMepom
HoCTeEAX ABIAITCA (KOHTpABAapHAHTHHIE) KOOPAMHATH Z'

“ R
HEKOTOpOM TOYRH. Beanauas 6‘iv OollpeleneHHbBIe CONTHOIIES-

*) Mpt cumraeM NPAaBHJIBHBIM 3aMEBHTH HCTOPHuecK: (oJee pam-
ppe HasBaBHs (KO- M KOHTPArpajMeHTHBIE» HA (ROUTPAa- B KOBapH-
AETHBIEY, MPHYEM KONTPABAPHAHTULINE HA3LIBAOTCA BEJHYHHDBI, mpe-
o0pasyromiecs Tax ske, kak w koopaunatul. Taknuy oGpasoM, Mbl opu-
mepMuBaeMcs O0BMALIX 0003Hauenuil, BBEAEHUBIX Pugun u Jlenu-
YgpnToi 1 npuMeHeHHBX Jiinmreiigom u Beilnem.
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gueM (21), cornacso (24) aABNAIOTCH KOMOOHEHTAMHU TEH3O0-
Pa, KOBapHABTHOrO N0 MHAEKCY { M KOHTDPABADPHAHTROrO IO
ungekcy k. Kpome toro, Temsop 6? o01amaeT TeM CBOACTBOM,
4YTO €ro KOMIOHEHTH! WMEIT OJMHAKOBEIe THCJNOBEIE 3Hade-
BEA B n100BIX cHCTEMax KOOpAHMHAT,

[Ipm cnoennm ABYX TeH30pOB HONYydaeTcs HOBBHIE Ted-
30D TOrO K€ pAaHra, UPU YMHOMKEHHE — TeHA0P BBHICHICrQ
pagra. Hanpmumep,

o+ bi=cy
3
aiby = cip,  aib® = ci.
Ilpu ceeproleanuu, 7. e. TPE CYMMHDOBAHAE KOMIOHEHT
TEH30Da N0 AABYM HEJICKCAaM, B3 KOTODHX OfWH — KOBapHamT-

HBId, 8 JPyrodl — KOBTPABapHaHTHBIA, HDONYIaeTCA TeB30p
muamero pasra. Tak, A3 Temscpa BTODOrO padra ;# nomyda-

i .
ercA WHBApHAHT ¢ = f;. Momuo Takme KoMOmEmponars yM-
HokeHme m cBEpThiBanme. Hanpumep, ofpasyem cmagaaa
nyTeM YMHOMEHUS 4 & b' Temsop

st = aibh,
a 3aTeM CBEePTHIBARMEM DONYTAM ANBAPHAHT

s = si,
Ero mosuo Gbimo monywuts nenocpedereenno m3 a, w b my-
TeM oHepanmu

s =ab'
[TopoGerM ke ofpasom MOMBO HONYTHTH H3 TeH3opa BTO-
pOro pasra a, U BeKTOpa £* BEKTOD

Y= auax
4 HHBApHAHT

J =auz'a",

[Ipnmerensble sgeck opasmaa gonyckaiT ofpamenme. Tax,
ecau @' ABNACTCA WABAPHAHTOM UPHE A1060M BeKTOpe z, 10
@, CYTh KOBADHAHTHLIE KOMIOHEATH BEKTOPA. Ecam a b g
7 ¢"Zx, ecTb mEBApHAHT npm 4/060M BEKTOpe i TO " CYTH
KOMIIOHEHTHI TeH30pa BToporo paera, @ T, A OGobmenne
BTHX NONOKeBMi Ba Tem3op n060ro padra moaydaercAa Bes
DOCPeACTBeHRO,
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Ten3op Ha3sIBAETCA CHUMMETPHIHBEIM (COOTBETCTBEHHO,
AHTH- WM KOCOCHMMMETDHYHBIM) OTHOCHTEJILHO HHIEKCOB i &
k, ectm mpm nepecTaHOBKE STUX HHJEKCOB €ro KOMIOHEHTSI
pe H3MEHSITcs (COOTBETCTBEHHO MEHAT 3HAK), HANpUMep,
@i, = Gy (COOTBETCTBEHHO @y = —d,;). Jlerko ybemrses,
YTO 9TO CBOMICTBO He 3aBucuT or BhIOOpa koopmmmar. Opma-
KO cylmecrBeHHo, 4To0b mHfAeKcH { u k& Oouim ambo o6a
BepxHye, n1ulo ob6a HIKHEIE.

Beamuament gy, BBegennsie B (19), ofpasywor Temsop, 4ro
clieflyeT W3 HHBADHAHTHOCTH gxr'z'*). JToT Temzop mMeer
BayKHelIIee 3HAWEHNE KaK AIA reOMETDHE, Tak @ Aaa $u-
BUKH W HaseBaeTca gyndamentasvruiyn (UAU MeTPULECKUM)
7en30ponm. C NOMOIIBIO gy MOMKHO HONYYHTH HOBBIE TEH30D-
Hble KOMIIOHERTHI cjegyiomuM obpasom. OGpaszyem BEagame
JeTePMUHAHT g U3 gl

g=lgal. (26)
3aTeM pasgeldnM MEHODHI, COOTBETCTBYKINUE Ly, HA g. MBI

monyunM 10 Benmumm g® (g" = g*), Korophe yHOBIETBODSA-
JOT COOTHOLIEHUAM

giagka = 6?9 (27)
OrMernM, 9TO
lg™l = 1/g. (26a)

JlokaskeM, 4T0 g* ABIAOTCA KOHTPABAPHAHTHEIME KOMIIO-
HOHTAME TeH3opa BToporo pamra. [leficTBuTeNbHO, W3 KOHT-
paBapUAHTHHIX KOMIOHEHT BeKTopa a" OyTeM YMHOMKeHHA
Ha gq A IOCIHEeRYIOI[Er0 CBePTHIBAHUA IMOJYJalTCA KOBapH-
aHTHBlE KOMIIOHEHTHI BEKTOpPa

a, = gaat (28)
Paspemas aTu ypaBHEHHS OTHOCHTEIBHO 4", MOTyTaeM
a' = gha;. (28a)

Tax Kak KOMIOHEHTH @, HOJHOCTHIO IPOH3BOJIBEEBI, TEH30D-
BBl XapakTep g BRITeKaeT U3 MpHBEJEHHOH BBIIIE TEOPEMBL.

M3l HasbiBAeM BEJIMYMHLI @; B @' KOBApUAHTHBIMH H KOH-
TpaBApUAHTHBIMI KOMIIOHEHTaMM 00HO020 U T020 Jce BEKTODA.
ABajOrUdabM 00pa3oM MOKHO OHOpefeNHUTE OUYCKaHWe HIH

*) B addurnoi reoyerpnn obe TOUKH, KBAIPAT PACCTOAHAA Meix-
Iy KOTOPE:MH ompegeyen (hOpMyJIoi ginxizh, He JOJKEH 65ITh 06s3a-
TeJbEO GECKOHeTHO OJAM3KHME (eM. caexylomuai naparpad).
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DONHATHE MHJEKCOB W [JJH TEH30POB BHICIIMX DAHTOB W pac«
CMATPUBATh HOJYYEHHYK TAaKHM 00pa3oM CHCTEMY BeJIAYHH
KaK COBOKYNHOCTh KOMUOHEHT T020 ¢ TeH3opa. Tak,

— rs iy
Ain = Zir8rs@ " = FirQp,

. B (28b)
R g'n'ghsan . g{ra“

IognsaTHe W onyckanme WHEEKCOB He MEHSIOT COOTHONIEHNS
Mey Temsopamu. HeoGxogumo TOnBKO, 9r06B OpA CBEPTHI-
BAHMH CYMMEDOBAHHEe BCerja NPOM3BOAMJIOCH IO Iape HIH-
JeKCcOB, OfiMH M3 KOTODHIX Bepxumi, a Apyrod — o0sa3aressb-
HO BWKHUIE, HanpuMmep,

J=abt=aiby c;=apdb® = diby o = altb, = albh,
(29)

JTHM HCUePHBIBAIOTCA NpaBHia TeH3opHoil amreGpel. Temsop-
HEI aHa W3, T. e. OPABHJA, IO KOTOPHIM H3 TEH30POB OY-
teM Ougfepenyuposanus no KOOpAMHATAM IOAYIANTCA HO-
BEIe TEH30DBI, ABIAeTcA AiaA aPUBHON IPYNOBI CAENCTBHEM
TeH30pHO# anreGpH, Tak Kak omeparopsl 0/0z* Bo Bcex oT-
HOIIeHNAX (QopMaabHO BeAyT ce6s KaK KOBapHAHTHBIE KOM-
MOHEeHTHl HeKoToporo Bektopa. OmpefeleHue W reoMeTpmyie-~
cKasg UHTePIpeTanusa 3TOro oreparopa MoOryT OBITh JaHK
JAWOIb TPA HBJI0KEHHH TeH30PHOI0 MCUMCIeHUA on;eu rpyn-
Oobl mpeofpas3oBamuil,

§ 10. T'eoMeTpuuecKan HMHTEPUPETAIUS
KOHTDA- M KOBaPHAaHTHHIX KOMIOHEHT BEKTOpa *)

TF'eoMeTpuaeckn MOKHO NPENCTABHTL BEKTOP B BHAE OT-
peska U Ha3BaTh €ro MO3TOMY JuHEHHHIM TeHsopoM. Ero
KOHTPaBapUAHTHEIME KOMOOHEHTAMH MABJAKTCA NHapalielb-
HBle DPOEKIUA STOTO OTPedKa HA KOOpPAMHATHEIE ocd. Ecam
Ha9aJbHYI0 TOUKY BeKTopa HOMECTHTH B Hadaje KOOPAMHAT,
TO 9TH DpoeKmu:m OyayT OpemcTaBAATh co0OH KOOPAUHATEHI
KoHe4HOH Toukm BeKropa. IlociiegHue ke Ha OCHOBAHHMHE Ipe-
geiaymero maparpada Beayr ceba mpm mepexofe K HOBOM
cucTeMe KOOpDAMHAT KaK KOHTDABADHAHTHHE KOMIOHEHTEI
BeKkropa. Hak m B DpOCTpaHCTBE Tpex W3MEPEHHH, MOMKHO
OpeACTaBUTHh CYMMY [ABYX BEKTOPOB AHArOHAJALI0 Iapaiie-
Jorpamma.

*) B sroM mnaparpade Mul OpEAepskUBaeMCA H3I0OKeHEA I'ece
cenbepra [72].



§ {0, KOHTPA- B KOBAPHAHTHRIE ROOPINHEATEY 49

Me mon:KEB Temeph BBeCTH HOHATHA AJRHE # yraa. By-
meM HCXONUTh OpU OTOM M3 MeKapToBoil (opTOroHaNbHOI)
cucreMbl Koopiumat (X, X, Xs, X4). B meit ksagpar pau-
HEI HEKOTOPOTO BEKTODa X ¢ KOoMIOHeATamMu X; onpejejseT-
¢ opMyIoit *) - "

x? = g X3 (30)

H JiBa BEKTOpa HA3LIBAIOTCA OPTOromaIbHbLIMUO, eCclIn

(xy) = ,}J XY, (31)

paBHO Hy&0. Benmumma (Xy) HasbiRaeTcsA CKaiApHHIM OPO-
u3BefleHMeM BEKTOPOB X W y. VIHBapHAHTHOCTH STOrO OIpe~
HeJeHUA OTHOCHTEABHO OPTOTOHANBHBIX UpeoGpaszoBaHAil cle~
mayer u3 upBapuasTHocT (30) ¥ H3 coOTHOMmERHSA

(Ax + py)? =A%+ 20p (yx) + ply2

Tar Kak 9T0 — hOopMa, MOIOKUTEILHO OIPeJeleHEasd OTHO-
CHTEeJBHO A I WU, TO

(xy)?—x%*<0,

gprieM 3HAK PaBeHCTBA OTHOCHTCA K CJIydal0 ODapayjeldbHO-
cTm X my, T. e, K CJIyJaw, Korja x =ay. BCJIEII,CTBI/IB 9TOr'o
MBI MOM{€M OIpEeJeJHTh Yrod MERAYy ABYMA HaOpPaBIeHAAMHA
COOTHOIIEHUCM

cos(x, y)=(xy)/1x%y% | (32)

TeoMerpageckuii cMBICX CHAJAADHOTO NPOH3BEAEGHAS TaKoh
jie, KAaK B TPeXMePHOM IPOCTPAHCTBe: OHO PaBHO OpPTOTO-
HaJIBHON HPOEKIUA BEKTopa X Ha HAUpaBleHHe Yy, YMHOMEH-
Hoit Ha jyuHY y. B 8TOM MOMHO HemOCPeACTBEHHO yOemuTh-
cA, BHIGpAB OPTOTOHAJNBHYIO CHCTeMY KOODIMEHAT Tak, ITOGHI
ofHA U3 ocedl coBmajala ¢ HANpABIeHWEM Y, 4TO Bcerja
BOBMORHO.

Uro6p1 HajiTH Temephb BHIpAMKeHAS A IJANHE B CHAIAAD-
HOTO LPOU3BEeHHA BEKTOPOB B 1000/ KOCOYrodbHOH cucTe-
Me KOOpJHmDAT, OXapakTepuadyeM STy cmcTeMy deTelpbMsa Oa-
3UCHBIME BeKTopaMu e, (k=1, 2, 3, 4), XKoBTpaBapHAHTHEI®

*) [Ipu sToM MK DoKa mpmamMaeM, uto B (30) BCe KBampatht
EMEIOT TOJIOMRATENbHLIA 3HAK B KOOPZHHATH BeIecTBeHHH. K oramu-
HOMY OT BTOFQ CJAy4al0 UPOCTPaHCTBEHEHO-BPEMEHHOTO MHDA MBI Bep-
HeMca B § 22,

4 B, Haynm
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KOOPAHMHATHE KOTOPHIX B 3TOH CHUCTEMe pPaBEEB!

€1 =(1: 0, 0! 0)’ €2 =(0v 1, 0, 0)1 .
(33)
93=(0, 01 1: 0)’ e4=(01 0, 0’ 1)'

Ux pamen B ofmeM ciaydae OTJANYHB OT eJAHANBL TarmM
o6pasoM, XOTA AAHHA BeKTopa OYAeT H3MepAThCH EIHHBIM
MacmraboM BO BCeX KOODIMHATHEIX CHCTEMAaX, NPOEKIWH ero
Ha ocm, Boo0me roBops, gayke JJAA pasHBIX oceil oHOH M
TOH e cucTeMbl Koopgumar OYIYT U3MepATHCA Pas3IMIHBIMU
macmrabamn. Torma Kaskaelli BEKTOp X MoskeT OBITH Hpef-
craBlIeH B popme

X = z"ey. (34)
CrnefoBaTenbHO, JUIMHA U CKAjAsApHOE IPOU3BEJEHME DABHEI

x?=(z'e;) (z"ex) = (e:e,) 2’2" = gux'a®, (35)

(xy)=(2e:) (y"ex) = (eies) 2'Y" = guz'y", (36)
rre

ga=(ees). ' (37)

W3 pasenmcrsa (37) MOMKHO yCMOTpeTh reoMeTPHIECKOe 3HA-
YyeHue BeJUYUH fip. -

*
BaepieMm Temeph 4eTBepKYy BEKTODOB €4, B33aUMHBIX YeTEep-
Ke BeKTopoB €. Oma onpepessercd COOTHOINEHUAMM

(eseh) = 8, (38)

T. ©. BEKTOPH €; LepIeHAUKYIADHS K MOIPOCTPAHCTBAM,
006pa3yeMEIM COOTBETCTBYIOIUMHI TPeMsi BEKTODAMH €, U HX
OIEHEEl K TOMY € ONpejeleHHHM 00pasoM HODMEPOBAHEL
Ecam Mul Temeps 0603HaUUM Z; HAPANIEIbHBIE IPOEKIHH X
Ha B3AUMHBIE OCH, U3MEDEHHRLIE B COOTBETCTBYIOINX MAacINTa-
0ax, To

X = Zen. (39)

YroBEl MOAYYHTH COOTHONICHHE MEKAY Z; H Z', YMHOKIM
PaBeHCTBO

yen = They (39a)

cKaxApHO Ha e;. YuurmBas (37) u (38), momywaem

Zy= gal (40)
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JIpyriME CIOBAaMH, NAPAALEALHBIE NPOCKYUU 6CKTOPA X HA
gsauMible OCU, UdMepeHHble 6 edunuyax macuraba, COOTEET-
CTBYIOWUT ITUM OCAM, ABAAIOTCA KOGAPUANTHBIMIL KOOpIuNa-
ramu eexktopa*)., B rto me mpems, ymnaoxas (3%) cra-

£ 3
JAAPHO HA €;, HAXORNM
* ¥
= (e{e;‘) Zp
f . _ otk
g, Tak Kak z' = g"z;, 10
* *
gt = (eje;). (41)
OGpasys xBamparsl shipaskenuii (34) z (39), a Tawme me-
peMHO’Kas BTH BHIPAyKeHHA, HMOJNydaeM
x? = g, 2’2 = g%zix, = xia’, (35a)
ARanornuno, o6pasys CKajfgpHoe IPoU3BefeHNe BEKTOPOB
R . a¥ R *
X=27x"eg =230, M Y =Y"€y =YpCs,
HAXOJUM
. ) ;
(xy)=gat'y* = g"vys = zy' = 2y (36a)
Octaerca yCTAHOBUTH MOBeleHne OasMCHBIX BEKTOPOB €
!
npu npeobpasoBannu KoopauuHaT. Ecanm €; — GasnucHbie Bek-
TOpHl BOBOH (OITPUXOBAHHOH) CHCTeMBl KOODAMHAT, TO ANA
1106010 BeKTOpa X HMeeM
7
x = 2'%e; = ztey.

U3 coornomennst (22) n (23) caeayer, aro

!

€ = Oﬂ—hiem ' (42)

ey = aleis (43)

*) ¥V Pauum g Jlepm-UusntH, a rawke y Jlanra (cm. [67—69])
KOBAapPUAHTHLI® KOMNOOEHTH] BEKTODpA BHETEpuUpeTwpoBadbl Kak OpPTOro-
BaJbnble OPOEKNuy BeKTOpa Ba obsumbie ocd. [Ipa sToM, ommako, me-
of0xoguMo f00aBaTH elle MHOMKHTENb, RaPymaKwniail opocTotry o cuMm-
Merpuo ¢opmyn. Ma (39) ckansapmeiM yMuoMKenmeM HA €; MBI HOIy-
wuM z; = (e;x), Ha ocnosanum (37) oproromajbHan MPOSKNMa X Ha
€; paBHa

Z;

z, z;
es]  Viewy Ve

(mo i Bnech cymmmpoBaTth He ryxro). Hamo eme saMeTaTh, 9TO B fe-
KapTOBO# cHCTeMe KOOPAWHAT, AJIA KOTOPOii £;; == 6’§, pasBdUa Mexny
KOBTpa- @ KOBADEAHTHEIMH KOMIOEEHTAMHE WCIE3RET, & fasmcHble BOK-
TOPEI €; COBOANAIT CO B3AMMHOH MM 4eTBEDKOH BEKTOPOB,

4*
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Tarxum obpasonm, a? A8ASIOTCA KOMNOHEHTAMU HOEbLT 6asuc-
HbIT 8EKTOPO6 6 CTApOll cucreMe, Oy — KOMROHENTAMU CTa-
polxz Gasucnvlx 6ekTOpog 8 mo6ol cucreme. B sammiodenne
oTMeTHM, 49ro Ha ocmoBamuu (37) u (42) mna dymmamen-
TAJBHOTO TEH30DPA gy JAerKo ycTasoBUTH (OpMYIsl mpeobpa-
soBauua (25).

§ 11. Busexropn! n TpuBexTopnt *).
Yervipexmepusie 00 HeMbl

TloBepxnocTh — 3TO  CJAERYIOMUE mo YHCAY H3MepeHHUi
mocje JNUHMA reoMerpuieckuit obbexrt. VM aHAJIOrHYHO TOMY,
Kak CBA3aHHl BEKTOPLI I JIHHNHU, HMEKTCH CBI3aHHEIE C IO~
BEPXHOCTBI0 TEH30PBI BTOPOrO pAaHra, KOTOPHIE HA3HIBAIOT
Gusexropamu, K sroMy ODOHATHIO MBI MOsKeM ODUATH ciaemy-
jomEM myreM. JIBa BeKTOpa X M Yy ONDEJENAIOT [BYMEDHBIH
napaanenenunes. Ilapanienbuple 0CAM €ro TPOEKINH Ha
IHecTh J(BYMepPHBIX KOOPAWHATHBIX IIOCKocTell B3agalorcs
BBIPAKEHAAMU '

g =a"y" — 2"y, (44)
ecId 3a eqnHANY mUomajeii GpaTh NIOMAgN NapajieTelnu-
HefoB, 00PA30BAHHBIX COOTBETCTBYIOIMMM GA3NCHBIMH BeK-
ropamMn e, Omm 00pasyloT KOHTpaBapHAHTHble KOMIIOHEHTHI
TeH30pa BTOPOTO PAHTa, AHTHCHMMETPHYHOTO B CIUIY COOT-
HOUTeHn it

gz’h — _gki. (45)
Ecan B YKa3aHHbIX onepanuAax 3aMeHUTD fasncHEIe BEeHTOPBL
*

B3aUMHLIMA €;, TO MOHO MOJYYHUTHE KOBapPWAHTHLIE KOM-
IOOHEHTHI

gik = Zilx — TpY1. (443)

Bynmem masbiBath GuBEKTOpoM 000l aBTHCHMMeTPHTHBIR
TeH30p BTOPOrO paHra, T. e. TEH30DP BTOPOTO PAHra, KOMIO-
HEHTH! KOTODOTO YAOBJIETBOPANT coorHomeHnaM (45). Xora
He KaKIbIH TaKoH TeH30p MoskeT ObITH IIpefcraBieH B ¢op-
me (44)— paa aroro §* MOMKHBI yHOBIETBOPATH COOTHONIE-
HIIO

E12§34 + 213242 -+ gMg?S — 0, (46)

#) Mp1 ynorpebaseM OpPHEATBIE B MaTeMaTHUeCKOH JmTeparype
TEPMHEB «GHBEKTOP» M (TPHBEKTODPY BMECTO HMCIOJB3YEMBIX aBTOPOM
BHIpA/REHHH «IIOBEPXAOCTABINY M «OGHEMHBIIY TeAOPEL— IIpumeu. ped.
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HO BCEr[]a BO3MO;KHO IIPEACTABUThL €ro B BHAC CYMMBI [BYX
6usexTopos uga (44). Ecan §x # na— aBa 6usexTopa cre-
nuanbHoro tuna (44), T0 wEBapuaHT

J=1[8,E" , (47)

opefcraBiaser cofoit KBajgpar n.sowadu mapaiierorpamma,
a @WHBApHAaHT

J= '/zfiim"‘ (48)

npeficTaBisger cofoli DpomsBefenne IOMAAR 1y W OPTOro-
HAJBHOH npoexuun napaineneinuena &, ma xsyMepnoe Ha-
[paBlieHle Yy, AHATOrHIHBIE WHBADPHANTLI JJAA NPOH3BOJB-
HHIX OHBEKTODPOB CYTH CYMMbl HOJOOHBIX npoU3BeleHni *).
O snavenwn B Teopum HuBapnaatoB xepoli wacrm (46), ecanm
£® — npouspoabustii Gusexrop, cM. § 12,

TpuBexrop MoeT GHTHL UpEACTaBIeH TPeXMEPHLIM ma-
palnelennnefoM, DOCTPOEHHBIM HA TPeX BeKTopax X, y, Z.

*) Mo Mo:KeM B CBASH € THM yKasaTh HA NAIOKKEDPOBH KOOpjiH-
garn npamoil, Ecau 2y, ..., 24 B Y1y ...y Ys — ONBOPOJABEIE KOOPAHHATHE
z
“ : 1
KBYX TOueK Ha NPAMOf B TpexmepmoM mpocTpamctBe (Tak 4TO -,
Ty T3 W Yy Y

7 7 B y_,y—,T—OﬁbI‘THHe KOOPAMHEATE), TO OPAMas ONpeJels-
4 "4 4 74 Iy

€TCsA NIeCThI0 BeTHYUHAMA pPip == ZiYr — ZrYi, OTHOINCHAA KOTOPBIX HE

3aBUCAT OT TOr0 MJIX WHOTO BHIGOpA MBYX TOYCK Ha UPAMONA. DTH Beiau-

9unsl pix yHaosaersopsior coorsomennio (46). TaxkuM oGpaszom, umeer

MecTo moimas (OpPMaJbEAA aHANOTEA ¢ GHBEKTOPOM B deTHIpexmep-

HOM IpOCTpamcTBe.

Ecam, nanee, Eix~— Gusextop tmua (44a), 10 ypasuemme dzf =
== gy,  CTABIUT B COOTBETCTBHE KAMKACMY BeKTOPY z' GecKomeuHo
mamoe cmemesnwue. Tak Kax dz' nemur B nnockoctn Gmserrtopa EfR n
NepueHAMKYAsiped K s, 9Ta ONEPAnus COOTHETCTRYET OecKOReuHO
MaJoMy BpameEMio R, BeJWtAma M wanpasieHue KOTOPOrO 3amaercs
E:x. Ecauw E:x — GmBexTop oflmero Buia, TO paccMarpnbBaeMoe cMemle-
mpe ofpasyercsl CAOKEHACM JIBYX BpallleHHi, OPTOroHANBHEIX APYr B
Apyry, m MomeT GLiTh 0003HAUEHO KaK 6unroeoe deuienue. Yike
Munxoscknit (II1 [64]) ormeuwaer amamormio GmBERTOpPAa € CHIOBEIM
paatoM (Kraftschraube).

CooTBeTcTBYIOIAS AHAJNOTMA B TPEXMEPHOM MPOCTPAHCTBE HAXO-
AET [ANeKo uAyIiee OpPEMeHeHHe K MeXaH@Ke B TeOpHA BUHTOB Boi-
xa [73].

Hy:kmo emie OTMETETH, 9T0 CaMOCTOATENhAOE 8Hauenue GHBEKTO-
POB B reoMeTPUE MHOTOMEDHBIX OpOCTPAHCTB OBLIO OCO3HARO I'poceMa-
oM [67] m oGCcTOATENBRO UM HCCIENOBAHO,
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Ero xoMmoHenTaMn SBIAIOTCA JACTCPMHUEAHTHI:

irl g‘l 'rli Q{ §4 ni gi
EY =1 b G B=|% M Gl (49)
g ot ¢! Em G

Tensop (49), ouesmjnOo, AHTHCHMMETDHIEH, TAK KaR IIpH
mepecraHopKe JMOOBIX JIBYX HHAEKCOB MEHSETCH 3HAK KOM-
morenTs, Umcio HezaBUCHMBIX KOMUOHEHT ecTb 4. B oram-
une or 6uBexropa Temaop (49) mBaserca mambonee oOIMUM
TPUBEKTOPOM, T. €. HI000H TeH30D TPeThLero paHra, KOMIo-
HEeHTEl KOTOPOro Y[OBJIETBOPAOT YKAa3aHHBIM BRIIe YCIOBH-
AM, MoKeT GbiTh mpefcrasxen B gopme (49).

Yerripe Bextopa xV, x@, x® x4 onpenensior mekroro-
puiii geThipexMepHBIE napannenenunen. B peraprosoi cm-
cTeMe KOOpAMDAT ero o0beM paBeH JSTePMEHAHTY, COCTAB-
aemEoMy n3 4 X 4 RoMmoHenT BekTopoB X. Ha ocHOBamWm
(34) m (36) sror ofbeMm BRIpaKaeTcs Uepe3 KOMIOHEHTH B
KOCOYTOJNbEO cacTeMe claeayiomuM o0pasoM:

S = det |z(Dk|.det | e;| = det |z’ |- det |e; |. (50)

Bripaskenme (50) BmaxopuTcs NpEMeHeBHEM NPABHIA YMHO-

*
senma nerepmunantos; detle] m det|ei| osmawawr mpm
9TOM [€TePMUHAHTH, cocTaBaennsle u3 4 X 4 KOMIOHEHT BEK-

TOpOB €, (COOTBETCTBEHHO €;) B CKApTOBOH CHCTEME KOODHM-
gar. VIX MOKHO ompefenuTth, BO3Begs B KBAAPAT M CHOBA
JIPUMEHHB TPABANO YMHOKEHHA JeTePMUHAHTOB, YYHTHIBAS
upu atom (37), (41) u (26a):

(det le;])2=det le; - e,] = det lgul = g;
(det[e] |)? = det | ej -ex | = det | gt | = 1/g.
TaxuM 06pasoM, uHeapuanTHblli 06beM paBen

S = det |zt |. Vg= detlx,ﬂi) .
Ve

Tak Kar YeTHPeXKPaTHHE HHTErpal

©1)

S dx! dx? dx?® dxt,

KOTODPHIT A KpaTKOCTH MK OyneM 3anmchiBaTh B BIIe ydx,

npnm mepexofe K HOBOfl cucremMe KoopamEar npeoGpasyercs
Rax det lzP*l, ofbeMm Kakoii-auo NPOH3BONBLHON 0OORZaCTH
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pases, mo (51},

= | Vg (52)
Ecnm nmTerpai

Iimd:c

mpBapaanren, To no Befiro [74] M masnipaerca cxanapnoit
nxorgocteio. Oma obpasyerca ymuonsenmeM o0bI980TO CKa-
aapa Ha Vg.

ABAQJIOTIYHO DTOMY BEKTOPHAA MIOTHOCTH ¢ KOMIOHEHTa-

ME M ompejiesiseTca yCA0BEEM, YTO HHTErPAJIH gm‘ dz (mo
GeckomeuHO Manoit ofmacti) o6pasyloT KOMIOHEHTY BEKTO-
pa. B momoGaoM e cMbicie Mbl [OBOPUM @ O TeH30pHON
nxorsocrn, OHa Taxie Modyuaerca yMHOKeHUeM 00briHOro
reH30pa Ha Vg.

Beepgennaa B § 9 cucreMarmka TeH3OpOB He DDHHUMAeET
BO BHHMAHHE CUMMETDHM KOMIIOHeHT TemaopoB. MEH, opHa-
KO, BHJeJH, 4TO, HaOpHMep, AHTHCAMMETPHYHLIE H CUMMeT-
PHYHEIA TEH30pLI BTOPOLe PAaHra B reOMETPHYECKCM OTHOIIe-
HUH COBEPIEHHO pasnmunsl, B TeH3opHOM amajnuse 3To
pasnuume obmapys;karca B mosoM acnekre (cM. §§ 19 m 20).
PexoMerznyerca moaromy mo npumepy Beitma [75] m B coraa-
CHE ¢ TePMHEHONOTHEH rpaccMasEOBCKOT0 yieHHA O DPOTALeH-
HOCTH BBeCTH HapaBHe C paHee NPHMEHEHHOH B HOBYK CH-
crematuky Temsopos. OGpasyem, kak B (44) m (49), papn
peamume E, £* E™, ... Tensopn mepsoro mopsajka (anmeii-
HEI@ TeH30pbI) HepBOro, BTOPOro, TPeThero.. PAHrOB BO3HH-
KalOT U3 JUHEeHHBIX, KBajparnumblX, KyGmimbiX.. ¢opM oa-
HOro cMemenns E': ‘

at', atu&‘&“, am§‘§h§l, ven

Touro Tar e TeH30PH BTOPOro mopsjka (6uBeKTOpH) BO3-
HEKAOT U3 (opM

bagm’ bmmgihglm’ -

Yrobu KoapdummeHTH OfHO3HAYHO ompefexsnncs opumoi,
OHE JOJKHEl YHOBJIETBOPATh H3BECTHHIM YCIOBHAM HOPMH-
POBRA; @i, @i, ... MONMHDLI, HALDHMEp, DPH NePeCTAHOBKe
ABYX NMI0OEIX HHJEKCOB OCTABATHCA HEM3MEHHBIMH, bn JOMK-
BR ObITh AHTHCEMMETPUYHBl, KOMUOHEHTHl bmm OHBeKTOpA
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BTOpOro pamra (cM. mpmMed. 5) JOJKHBI YHOBIETBOPATH CO~
OTHOIISHUAM

biim = —brim = —bum = Diminy (533):
biklm + bilmk + bin'm}zl =0 (53b)

[mocnentee caemyer ma coormomenmit (46)]. Taxknm OnBex-
TOPOM BTOPOrO pamra aBisgercsa TeHsop Kpususul (cM. § 16).
Ynemo me3aBucuMbIX KOMIIOHEHT BTOr0 TeH30pa B IPOCTPAH-
cTBe n u3MepeHHUil NOHMMKAaercsa HA ocHoBammd (53a) m
(53b) mo n?(n?—1)/12. Wsnosxennas 3dech CHCTEMATHKA
He OXBATHLIBAET BCEX BEJNUYMH, KOTOPHIe 1O cQOPMYIHPO-
panuoMy B § 9 onpemenenmio sBasiorcs Temsopamm. Ho B
usnuecKux TPMITOKEHNAX UTPAIOT PONb TOIBKO TAKHUE TeH-
BOPHI, KOTOPHIE BKIIOICHEL B 9TY CHCTEMATHKY.

§ 12. Iyansubie TeH3OpBI

B uwernipexmeproM MBOroo0pasmu Kajmoil mIomagke
E* =2yt — 2ty
MOKHO COIIOCTABUTH HOPMAJBHYIO MJIOHMIAAKY TAKyI0, 94TO BCe
OpAMEIe, JIeKaIlue B Hell, NepNeHTUKYIAPHBI KO BCEM UpPSA-
MBIM, Je;KamuM B nepooil maomangke. Mo HazoseMm ee dyaap-

noii ® E™, ecim oHa, KpoMe TOrO, PaBHA NOCHEXHEH TO Be-
auunnre, Ona onpejenserca B BAJE

iR __ 1 3 3 1
E*l f— .Z'* y* — .2'* y* y
rie BeKTOpH z*, y*' mepmeHuUKyAApHH K ', y':
* L ] L ] ® .
izt =0; zy'=0; yizt=0; piy'=0.

Ipocroit pacger moKaspIBaeT, 4TO KOMIOHEHTH E*™ momyua-
IOTC M3 KOMMOHEHT E; nyTeM o0pa3oBaHUsA UeTHOH mepe-

cramosku mHpmexco 1, 2, 3, 4 m ymuoxenus ma 1/Vg:

1 1 1
gH = Vs By &%= ﬁgali *8 = Vs 1375 o
1 1 1 4
g = 175-7 E E¥ = 1—75’— Loy E¥2 = 175 834
Amanoruuno, MeHssa Mecramu E** u §,, mMeeM
* 1 e 1, 31, * e Vo 12,
€14 Vgscs 7 8o Vg& Eas Vg§ (54b)

Bhe= Vgt =Vt En=Vgt
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IIpz DOMOIME TAKUX HE COOTHOIIEHHIl CONMOCTABIAIOT N060-
My GuBekTopy ™ eMy myanbmbll., YMHOMeHHEe OuBEKTOpA £
Ha AYaJbHEI eMy OUBEKTOp £** ¢ mMOCJHEYIOUMM CBEPTHIBA-
HEEeM pfaeT HAa ocHoBaEunm (48) nHBapmamT wpesBpIwaiiHO
MpPOCTOH CTPYKTYDHIL:

1 *j 1

J= 5 gihg * = -17;;' (512§34 + 513&:42 + §14§23)-« (463)
Toumo TakuM ke obpasoM TpuBekropy E™ comocraBiafAmT
myansabiit Bexrop £*. Om mpemcTaBaser co0oll oTPE3OK, Ko-
TOPBIA MEPHEHAUKYIAPEH KO BceM 00pasyIoOIMUM IapaJiese-
ounena, ONpeleNAlomero TpmeeKrop. Jlamma 8Toro BeKropa
paBHa ofbemy napamnedenunega. Jnas miobofl gerHofl mepe-
CTAHOBKH HHIeKCOB iklm mMmeeT MeCcTO PaBeHCTBO

g = 1“/1—§ B Em= Vg&™, (55)

§ 13. Ilepexox k reomerpun Pumana

ITepeiimeM Temeph K H3NOKEHHIO TEODUH HHBAPHAHTOB
IpynOobl BceX TOYeIHBIX Hpeobpasosanuii. Jlas sToro Heol-
XOMHEMO CHAYaJNa pACCMOTPeTH olpejesieHue JUTHHLI A OCHOB-
BHIe nojokenug o0meit reomerpun Pumanma. Crapeie reo-
metpuu Boaman g JloGaueBckoro, OTKasHBasCh OT eBKIAKOBA
OOCTYJAaTa 0 NMapaieNbHbIX OPSAMBIX, COXPAHANMA AKCHOMY O
cBOOOJHOM [BW/KEHHMHU TBEpIOH cHCTeMbl TO4eK (aKcmoMa
KOHTPYSHTHOCTH) W JIBJSNNCEH, TaKaM o0pa3oM, reoMeTpuAMA
‘|pocTpaHcTsa ¢ mocrosunoidl kpususnoil. Mexoms ma mpoek-
THBHOI TeOMETPHH, TAKKe Heab3s NpuiiTu K Merpuke 6Goxee
obmero BHaa. Bo3Mo)KHOCTH HOCTPOEHMA ee BUepPBHIe OBLIA
paceMorpena Pumanom [76). Vamenenus mpepcrabieHnii o
TBEPHIOM Tejie, BHOCMMble cmenuaabuoil m obmeil Teopmeit
OTHOCHTEJALHOCTH, NPUBEJA K OTKA3y OT KasaBmeiica JO Tex
[OpP OUeBUAHON AKCHOMBI KOMIPYSHTHOCTH W K HEOOXOLHMO-
CTH B OCHOBY paccy:ennii o DpPOCTPAHCTBE H BPeMCHM IO-
aoxuth obmyio reoMerpuro Pumana.

ITpegnonosxuM, 9TO B KOHEIHOH OKDECTHOCTH Kakjoil m3
To9ek MBAOrooGpasms, KOTODoe MBI paccMarpuBaeM (M KOTO-
poe mHOrAa IAA KPaTKoCTH OyjAeM HA3LIBATH NPOCTPAHCTBOM),
MoiseT OBITH BBEjeHA OfHO3HAYNAS M HENpepBIBHAS CHCTEMAa
roopauuar z!, 2%, ..., z". Ormocutenwnno 6cezo muoroofpa-
315, ONHAKO, MBI He BBICKA3BLIBAEM 3TOr0 NPEANONOKeHHS.
Yueno msmepenuit MBRoroo6pasusg n 0OCTABUM NOKA NIPOH3-
BOMBHEIM. VIcXOQHBIM HOHATUEM METPUKH fBIsETCA NIHBA §
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KpuBoOil, 3alaEHOA ypaBHeHHEM

rae t— Kaxod-EmOyas mapamerp. Pesyabrarsl MareMarmue-
CKOrO0 HCCIefOBAHUA MOKHO OymeT OPUMEHATH K MHOrooGpa-
BHAM, ¢ KOTOPHIMH IPHXOXUTCA HMETh Jelo B JeHCTBHTENb-
HOCTH JHUOIs IIOCHEe TOro, Kak AaueEa s Gymer ¢mamvecknm
ompefienena, B R3 MBI [OMKHBI BO BCAKOM CJAydae Ipef-
craBuTh cefe TBepAblE MaciuTal saMeHEHHLIM ANEAJbHO rub-
Koit m3MepHTe]bHON HUTHIO.

Tarkum ofpasoM, HaM HYKHO CHe]aTh OTHOCATENLHO §(f)
Kakue-nu0o OprmeMiaeMble npefnono:ennda. IIocKonbKy mo-
noGHBle NpeJnoIoKeHnsa NeaaTca oTrHocaTeabno ds/df, a He
OTHOCHTEJBHO §, PHMAaHOBA reoMeTpua apiAerca amddepen-
NUANbHOA reoMerpumeif, B OPOTHBONOIOMHOCTL eBKIAAOBOI
reoMeTpAM, reoMerpun B HeaoM. B kagecrse mepsoli akcmoME
MBI IIPUMEM CJaeyIOIyIo,

Axcmoma I. Beauuuna ds/dt ¢ dannol Touke Epusoil
8a6UCUT TOABKO OT npouseodnbvizx dx*/dt e sroli Touke u ne
846UCUT OT 6bICUWLUT npOU3BOGHBIT U OT 0CTAAbHO20 Z00a
Kpueotl.

Tark kar gamma Ayra s me sasucut or BHOOpa nmapamer-
pa t, To ds/dt pommxua GeiTh ogHOpomumolt (ymrmumedt mepsoir
cremmeHn or Beamumebl dx*/di. 3a paccrosmme Mesuy NBYyMA
TOYKAMH MHl IDAMEM ANUAY AYTH Kparvafime#t m3 coemums-
omux mx amEni., Haszoeem onHy ws Tarux ammamii nepues-
IUKyAsApHON K APYTrofl, ecim paccroAmne MeMAY KaKof-Hu-
Oymp Touko#t P numum 1 w Touxol mepeceuenua S ofemx
AWBEAE MeHBIIe, WeM paccToasme of P pmo awGoil gpyroit
roukn Q mmmmm 2. Cormacmo axcuome I sto ofcroArenncTBo
3aBHCAT He OT IOJOKeHHA Touxd P ma ammnm 1, a ToapKO
or mpomsBogubix (dx*/dt), m (dz*/dt’)y B TouKe S. B BTOM
ciydae FOBODAT TaKKe, 4To HampasicHue | pepnemmmkynap-
Ho K BanpasiaeHuwo 2. Boolute romops, orcioga eme He cie-
AiyeT, 4T0 W HaOpaBieHMe 2 MNEPHEHJUKYJIADHO K BAIPAB-
nemmo 1. Bmp ¢ymxnum ds/dt mpt yroumum sropoi ak-
caoMotii.

Axcmoma II. Beauwuna ds/dt ecrv ®eadparuwii ko-
pend us mexoropoli keadparuunoli Popmuvi npoussodnbir

dx*/dt:
V dztdzh
8k g1 gr»
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YTO MOJICHO HANUCATb Kopoue & eude
ds® = g,da'dze™. (19)

9ro pasencrso Owuro mauucamo eme B § 8. Akxcmoma II
MOKeT paccMaTpuBaThesa Kak murdaropona TeopeMa Ay ABYX
Gecromeuno Oau3KMX Touek. VIMeHmHO 3T0 orpaHmueHHe 00-
JacTH e NPAMCHEHMOCTH XapaKTePHU3yeT mepexoj OT reoMeT-
pud B LEJIOM K IeOMeTPUR B MajoM. Belexcrsue aKcmoMBbI II
OPTOTOHANBHOCTH [BYX HanmpaBleHU#l #ABJIsIETCA B3aWMHOLL
OGpaTuo, ecim OPTOTOHAJBLIOCTH THHUE BCerga B3amMHA, TO
DIeMEHT JUHAHW JON:KeH HMeTb (DopMy (19) [77]. Moskno
noaromy akcuomy Il samemurs caemymoueil.

Axrcmoma II'. Ecau nanpasaernue 1 6 Touke P opTo-
20HAABHO K HARPAGACHUIO 2, TO Hanpasienue 2 0pTO20HAAb-
Ho & nanpasaenuio 1.

Ecau Mut momo;kuM B ocuoBy awcuoMy II, To B caygae
n =2 BepHEMCSl K rayccoBoil reoMeTpHH IPOH3BOJBHEIX KpU-
BEIX moBsepxmocrell. IlogoGmo TOMYy Kak 9TH HOBEPXHOCTH
MOKHO paccMarpHBaTh KaK OOBEPXHOCTH B €BRIUJOBOM IPO-
crpaHcTBe M3, KajsiZoe PUMAHOBO IPOCTPAHCTBO R, MOMKHO
paccMaTpUBaTh KaK MOZNPOCTPAHCTBO B €BKAHTOBOM Rumi1y/2
(n(n+1)/2 coorBercTByeT YmCNy KOMIOHEHT gqu). Ommaxo
MOKHO IOJY4YNTh BCE BaJKULIE NJIA TEOPHH OTHOCHTENbLHOCTH
reoMeTpHuEeCKHe MOJOKEeNUs I He WCOONb3YsA 3Toro (akra.
Vrox (1, 2) mexay msyMma Hanpaenenuamu dz’ m 0z’ B Tou-
Ke P MOKEO OHDpeleNHNTh TOYHO TAK ke, KAaK W B €BKINO-
BOM TPOCTPAHCTBE, TOJBKO TPSMbLIE CIeyeT 3aMeHHTH Oec-
KOHEYHO MaJniMH oTpeskamu. Apasormauo ¢ {32) maxopm,
qT0

glhdztﬁz
nghdx dz Vg kéx’ﬁx

cos (1, 2) (6)

3mas anmeiinsle smeMentsl wo n(n+ 1)/2 nmesaBmcnMeiM Ha-

upasiertuaM (1. e. mo n(n+1)/2 manpasmennaM, gaa KoTo-

puix n(n+ 1)/2-crpounsie merepMuBanTsl u3 Beamuns dr'dzt

He paBHH HYJIO), MOKHO ONpEeNeJNHTh gy B JIODOH Touxe.
Ilpn npoussodbEOM npeofpasoBaBEMU KOOPAUHAT

x’i=x”(xl1 x21 ey .’l}"), i= 11 2’ seny Iy (57)
nudpepennuanst dr* npeo6pasyoTCs OFHOPORHO B JIUHEHHO:

dz't = af dz*, (58)
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rae

oh = 0z’ oz, (59)
OGparmno:

dzt = a;" dz't, (60)
rue

af = 6xh/,6x”. (61)

Taxne ke cooTHOmenms mMeloT Mecto mo (22) m (23) auna
agpdpurHOrO0 mnpeobpasosasna koopawHar. Orcioga ovesufHa
cBa3p obmell rpynun npeoGpasosanuit ¢ agdmuuaoii rpyu-
moit. CynecTpennbiM, OfHAKO, O0CTOATENLCTBOM ABASETCA TO,
9TO Cp He MOTYT OBITH HPOM3BOJBHLIME (PYHKOUAMA KOOP-
OWHAT, & MO/KHGLI YAOBIETBOPATH YCAOBRAM HHTErpapye-
MOCTH

doy /62! = daj oz (62)
HJIN 2KBUBAJEHTHBIM AM D6paTHbIM COOTHOIMIEBNAM
dokfox't = dal/ox"?, (63)

B opsoil sxe Touke P, of MOryT OpPUHBMATH OPOU3BOJLHDIS
sHavenna. Jlo Tex mop, HoKa MBI HEMeeM [el0 € COOTHOIIe-
HUAMI MeKAy TeH30paMHu B OfHOH ¥ TO#l ke TOUKe, a3 HE C
nugdepeRnupoBaHHEM H HHTErPHPOBAHUEM TEH30PHOrO IO~
id, MOKHO BCe TeH30pHble ouepannm adOUHHON TPYITUBI
HEeNOCPEeNCTBeHHO HEpeHOCATh HA TeH30pbl o0mied rpynius!
npeobpasosanuil. Bece 910 mHage MOMKHO BBHIPA3ATH CciaedyIo-
muM  00pazoM: B TeH30pHofl ajrefpe pHMaHOBO DpPOCTPAaH-
CTBO B paccmarpm@saeMolt Touke Py MOMHO 3aMEHHMTH Kaca-
TEJIHHEIM NPOCTPAHCTBOM, KOTOPOE NOoJydaercd, ecadm DOJo-
JKUTHh KO3()(UOUEHTH g; BCIOAY UOCTOAHHLIMH H DPABHBLIMU
peauannaM gy (Po), KoTophie onnm DPUHAMAIOT B PHMAaHOBOM
npocrparctBe B Touke Py Tax kak dopma ds? unsapuantHa,
gin ABIAIOTCS KOBAPHAHTHHIMH KOMIIOHEHTaMH Teusopa BTO-
poro paxra. IIpaBuia mepexoma K KOHTDABapHAHTHLIM KOM-
moHesTaM g%, a Take mnpasuma 00pa30BaHMA BJIEMEHTA
o0beMa dX MoryT GBITH TaKIKe B3ATH U3 TEH30PHOHR asareGpul.

§ 14. INapaanensunii nepeHoc BEKTOpa

lIJIH reoMeTpHU9IECKOT0 o0ocHOBAHMA TE€H30PDHOTO HCYHC-
JIieHHA B PUMAaBOBOM NPOCTPAHCTBE NOHATHE DAapPaJIeabHOrO
nepeHoCa BEKTOPOB ABJAETCA OJHUM U3 OCHOBHBIX. Bl]epBLIe



$ {4 ODAPANINEIBHBIN OEPEHOC BEKTOPA 61

oro Geuto BeBeaeno Jlesu-Yusmroir [78), Koropsifi mpm stoM
paccMarpmBal PUMAHOBO HpocTpamncTeo R, Kak MoBepxHOCTH
B €BRIMJOBOM IPOCTPAHCTBE Rumiiy2 (CM. OpepbIYLIITIA
naparpad), satrem Beitns [79] pan meoocpegcrBeHHOE €ro
onpepenesne. llospnee Beiinp BBen axkcmoMarmyeckn 9To IO-
HATHe AN OPOCTPAHCTBA, B KOTOPOM Jla’ke He ONpejeaeHa
merpaka (cM. ta. V) [80].

Ilycrs mmeercss Kpusas

zt=2*(1).

PaccmorpnM B rampoit ee Touxe P COBOKYnHOCTH BCEX BHI-
xomamux u3 mee BeKropoB. M3 Bcex orobpasxennit
o

E=rEs e
COBOKYUHOCTH BEKTOpOB B Po(fg) Ha COBOKYNHOCTL BEKTOPOB
B P(t) BymuHO BHIOpATH HEBADHAHTHLIM 00pasoM HEKYIO
COEeNUaThHEYI0 TPYNNy oTO0pakeHuil, KOTOPhie MOMKHO OBLIO
On Ea3BATh UAPANIENBLHBEIM IEPEHOCOM, WIH TPAHCAALUSH.
IIpm sTOoM Heabssa HPOCTO HOCTYJIMpPOBATH, 4TQ fBa HAapa-
JeNbHBIX BEKTOpPA B ABYX TOYKAX, OTCTOAI(AX JAPYr OT Apyra
Ha KOHEYHOM DACCTOSHMH, UMEIOT OJIHHAKOBLIE KOMIOHEHTHI,
TaK KaK TaKoe ONpefleJleANe HEHHBAPHAHTHO OTHOCUTEILHO
BEIGOpa cmcTeMbl KoopamHar. Bmecro sToro cBoiicrsa TpaHc-
AA0UA BYXKHO chOPMYIUPOBATD TAK:

1. B xrasxpoil Touke P mMeeTcsi TaKaa cHCTeMa KOOPAH-
HAT, B KOTOpO# paBHO HYJNIO0 H3MEHEHHE KOMIOHEHT BeKTopa
npm 6eckoneuno maaoli TPAHCIHANMA BROJMb BCEX HCXONAINIMX
n3 P KPHBEIX, T. €. B KOTOPOH A Touk: P

dt'/dt = 0.

To, uro ¢ moMomplo DpeoOpasoBamus KOODRUHAT yhaer-
¢ ycTpaEMTh OECKOHEUHO Majbleé H3MEOEHHA KOMIOHEeHT
BEKTOPOB OJHOBPEMEHHO [if BCEX KPHUBBIX, BHIXOIALIMX H3
rozkn P, ceaspizaer Memny coBoil mapanjenbHbie nepeHOCH
BloNb pasnmaablx KpHBHIX., IIpocToe paccymmennme moxraswi-
BaeT, 9YT0 U3MEHEHHE KOMIOHEHT BEKTOPA B INPOM3BOILHOM
cucTeMe KOOpAMEAT Bejxecrsue TpeGosamus 1  fommEO
AMeTh BHJ

dgt dz® _p
A (64)

i
rae I';;  BaBmesaT TOMLKO OT Koopammar, mo me or dx’/df,
O CEMMETPHYHEL OTHOCHUTEJLHO MEPECTAHOBKE HIDKHEX
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HHJICKCOB:
Th =T, (65)

OGpaTHO, MOAHO HOKasarh, 9T0 TpeGosammne 1 BoiomHsercs,
econ peprsr coornomennsa (64) m (65). Ilpm mnmeitnom mpe-
obpazonaunn KoopfuHaT Iry BeAyT ce0f KaK KOMIOHEHTHI
rensopa. OfHaKo 3TO BEPHO TONBKO AIA AUHELH020 TPeol-
pasosanns, a me aas ofmeil rpynusl mpeoGpasosammi. Ilo-
cliefHee BATHO yyKe U3 TOro, UT0 BEAHTHEH lrs MOMKHO B
HEKOTOPOU cucTeMe KOoOpgnBaT o0paTuTh B HYID, TOTMA Ka®
KOMIIOHEHTHI TEeH30DA DPaBHBI HYJNI0 BO BCAKOM cHCTEMe Ko-
ODIHEHAT, €CJH OHM Hcue3alT B 00Hol Karoi-uuGyawp cmcre-
Me, TaK KAk OHH mpeolbpasyloTca JIMHEHWHO # OFHOPOHO.

OnpegenuM eme BeauwaweBl [, OPH HOMOIOH COOTHO-
ImeHnit

ri,rs = gihrks: I‘ri's = gihrk,rs' (66)

Onpepedenne mapanlenbHOro mepexHoca OymeT 3aBepmieHo
BrOphM TpeGoBarmem (cM. npumed. B).

2. Tpamcnsanua ecrb KoHrpysHTHOE oOTOOpaskeHme, T. e.
OHA OCTaBJfeT HEeM3MEeHHOH MJIMNY BEKTOpa:

= (ga't") = o (&) =0. (67)

JtuM penmammnt L' CBA3HIBAIOTCA © $yHIaMEenTATLIBIM
MeTpudIecKuM TemsopoM. IlpocteiM caemcrsueM TpeGosamus 2
ABAMETCSA HeM3MEHHOCTh YIJIa MEMKAY BEKTOPAMH HPH mapai-
aenpHoM meperoce. VI3 Toro, uro (64) m (67) momxmw
VAOBIETBOPATHCA MU NPoN3BONbELIX E', cmeayer, 410

ag.; :
o e Tire + Trts (68)
ox .
a
1 agir agis agr
o - r N Fi TS*
2 ( ox® + ox” 63:‘) ’ (69)

Benmaunnt Iz, momywatorcea mo (66). Kpucroddens B cpoeit
paGore [81]*) Buepsme BBex Benmummm Iy m Ti,,. On

rs i
3alUCHIBAT HX OPA OOMOIOA CHMBOJIOB {,] Bvecto I, m

*) VYoomaryraa paGota Pumapa Gsina manmcaHa JJs OaDHMKCKOTO
KoHKypca B 1861 r. m Bmepsale Ohita onyOaMKOBaHAa B HEPBOM m3jla-
Bma cobpamms Tpysos Pumama (Ges. Werke, 1-e mam, ¢, 370),
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rs
[i ]BMBCTO I‘t,ra. YacTo 3TH BeJnMYWHL] HA3LIBAIOT CHMBOIAMH

Kpncroddens sroporo m mepsoro popa.

Betiar [82] nasBan mx xomnomemtamm adPummoit cBsa3-
HOCTH, TaK Kak Oeckonedno Gamskuil mepenoc mo (64) mpen-
craBafaeT coGoil apdumnoe orobpaskeRume BeKTOpoB. B aroil
KAHre OHHN OYAYyT HasblBaThes koaduylenramu cefs3nocTu
paEHOM KoopammarHoli cmerembl. Hoopammarmas cmcTeMa,
B KOTODOH OHM MCIe3al0T B TOYKe P, HasbIBaeTcA reofe3m-
veckoll B Touke P.

W3 masapmantHocTm Em' mpm mwbGoM n' moxywamores Ha
ocHopanmn (64) dopMmynur npeoSpazoBauns RS KOBAPHAHT-
HBIX KOMOOHERT &

<3 r d d s r

‘E‘:‘Fu;tgr: risd_xtg; (70)
0, HAKOHeN, U3

d .

-7 (87*€&) =0
cefiyeT TOKeCTBO

7] h r T i

% + g"Th + T = 0. (71)
TMuddepennupys (26) m (27), nonywaem coormomenns

dglk == __girghsdg”; dgih - __ghg“dgn; (72)

6g ir yhs 08 rs ag”’- L

ozt —d g 6xl ! ozt gz‘rghq (723)
n

dg = gg™dgn = —ggudg™; (73)

08 _ e _ . 0e*

ozt oz E8in ozt " (73a)

Nz (69) ceeproiBammeM moayInM

L O | Sagrs__ 1 an 510gVE
ir — g Pr is _T gr N Vg 6.731 Bxi (74)

W 3aTeM, Ha OCIOBAHNH (71),

1 3™ | repi
Vs ot +g Twis=0, (75)
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§ 15. Teonesnueckne ampmH

Hanpasnenme kpmsolt z*=2"(t) B Kaxoit-ntmGo Toure P
XapaKTepusyercs BeKTOpoM u':

u'=dz'/[ds (s — pnimma pyrm). (76)

9roT BexTOp KacaeTca KpuBo# B TouKe P, m mumEa ero pas-
Ha 1, Tar Kak

da' dz*
it = g T =1, (1)

Teofesuueckoll aunueil HasvleaeTcs wkpueas, nanpasie-
Kle KoTopol 60 ecexr Toukax nocroanno [83]. dpyrumn cio-
BaMH, e€ca:m B HeKoTopoll Touxe Py reofesmueckas nmuEA
IMeeT KacaTelNbHBI BeKTop u', TO KacaTeJbHBIA BEKTOP K
DTOi JNWHWM B AADYTHX TOUKAX HOMYUAETCA [APAIICTBHBIM
nepenocoM Bextopa u’ Bpons mHee. Ilo (64) m (70) ato mom-
HO BLIPA3HTh AHATHTHYECKH CIEAYIonuM o0pasoM:

duy 1 9z,
-— o L _"
A I‘r';,u'u T o uu? (78)

nin (9T0 SKBHBAJIEHTHO)

du 1
it (79)
ITocrenaee PaBEHCTBO MOMHO OpEJACTABATL B BAJE

i dz" dz®

o tng g =0 (80)

Coormomenna (80) npencrasasaor coboii maddepenmmanb-
HBIe ypaBHeHHusa reofiesmueckoil amumm. Ha ocmosamun (80),
obpaTHo, Bele/[CTBAE HHBAPUAHTHOCTH [JMHBI BEKTOpa mpd
nmapaJIeNbHOM HePeHoce cleayer, 9ro

o gt
gih‘fi—s a;—s = const, (77a)

e. (80) copaBegmHBO TO4bKO AN TAKOTO mapamerpa §, Ko-
TOPHI ¢ TOYHOCTBIO N[O NOCTOAHHOIO MHOKHTENs paBeH
AJanMHE KYTH.

Teomesuueckme JUAAM MOTYT OBITH OMpENEJNeHBl TAKKe
OpE ODOMOIA Bapuanuonnoro npuuunna. WMenno, oun sxsu-
BaJeHTHH yHoMANYTHIM B § 13 «wwparualiweunmy JTunusmM,
WIm, TOUHee, «dKcTpeManaM» [84], mna woropuix Bapmanus
IJAEHE KPHBOI paBHA myaio (mociexHee HeoGxomuMmo, HO He-
JocTaToYHO ;uA MumamMyMma)., [eficrBmrenbro, mycts A o



§ 15. TEOAESUYECKNE JIDHNIN 85

B — QurcupoBaHHble HadalbHag H KOHEYHAA TOUKH, §—
aamma Ayrd, A — xobofi mapaMeTp; HOKaykeM, 4TO JJd reo-
fesudecKoil JuHAUN

B
ai ds = 623; V gn 2 an =, (81)

g TIPU OTOM — 33/IaHALIe cbymuum roopinnar z'. Bapempy-
poTca aumns Qysrmun z* =" (1).

IIponenaem maj (81) mssecrmoe w3 Mexammkm mpeobpa-
sosaune *). [lana otoro Mul BeIGupaeM mapamerp A TaKAM
ob6pasoM, 4TO0Bl Ha BKCTPeMadsAX OH COBHAfANd C HIJIMHOM
myra § u npoberam Bcerja Ty e o0jgacth 3HAYEHNH.
B oxomuarenpuslx puddepennunaibupix ypaBHEHHAX MOJKHO
Gymer Torfa A 3aMenuth Ha s. [loaoknM, 4910

dat dzt
L= —z_g’ik di}\,g‘%. (82)
Torna
B
ofo- [t
dxzt dzP
4 Sin gy an

I TaK Kak JJIA SKCTPEMaJad BLIpajieHne B 3HAMEHATENe pPaB-
HO 1, BMecTo (81) MOKHO HpOCTO HAIHCATH

B B
foran=s[Larn=o. (83)
A A

TakaMm o6pazoM, HodydaeTcs HONHAA AHAJOTUA C TPUHIH-
noM l'amMmibroma B MeXaHHKe, €CJU PAaceMATpmBarh L Kak
narpamkeBy Qynruuio. Hanucas & BMecro dz'/dh = dx'/ds,
monyauM u3s (83) nuddepennuanvuce ypaBnenue *¥)

L 9x . (84)

*) B MexaHHKe OHO COOTBETCTByeT NeDEXOiy OT WDHENMANA Tad-
MeHbINero aeiicTems B ¢opme, panuoil fIkoOm, K npumuunoy lammib-
toma (cM. [85]).

**) 3 7o BpeMsa Kaxk B o0LIYHOH MeXaHHKe JArPAHMKEBH ypaBAo-
HHAS HONYYaloTCA, ecsiy Ui HPOCTPAHCTBERNBIX KOODAMHAT AONYCTHTH
BCEe BO3MOKHLIC TOUCUHLIE OpPeolpasoBapisl, CKa3amnoe BHIE NOKa3bl-
BaeT, 4TO Ta jKe (bopwa ypapuennii coxpamsercs H B TOM Caydae,
ecin TPOM3BOJALHLIM 00Pa30M M3MEHATH TAKKE BPEMs; HE3ABHCUMOIT
nepeMeRHOI Temeph OyfeT, KoHEeWHO, HE £, a s (cM, [86]),

5 B. ITaynn
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Tax rax coraacuo (20)

o _,
a‘;i"‘gikds)

nosyyaem
d [, de*\ _ 1 9%rsds”dst
% \8R G T 50 @ as!

gro coBmapjaer ¢ (78). (B MmorooGpasmax, B KOTOPHIX (hop-
Ma ds? me medmmuTHA, NPHBEJeHHL BEIBOJ HE TOJUTCH AJA
KpHUBHIX, Ha KOTODPHIX ds =0, 06 oco0eHHOCTAX 3THX «HYIe-
BEIX» agummit cM. § 22.)

§ 16. Kpususna nmpocrpancrsa

IlonaTme KpHBUBHEI MpOCTpPAaHCTBA GBHUIO BHEpBHIE BBEMe-
Ho Pnmanom [76] rak oGo6menme rayccoBoit KPHBHSHH M0-
BepXHOCTH HA caydait Mroroofpasus n  m3Mepennmit
(cM. § 17). Ommaxo oTmocAIMecA K STOMY aHAJATHYECKHE
Uen OCTaBaJACh HEM3BECTHRIMA N0 HYOJIMKANWA UM OAapHK-
CKOA KoHKypcHoil palorel OJra paGora cofepMutr ero pe-
3yIBTATH HONHOCTHIO: KAK METOX HCKAIYeHAS, TaK H Ba-
puanmomHbIl MeTon. Yixe pamee, ogRako, Kpacropdens [81]
u Jlonmun [87] *) monywmam Te ke pesyNBTaTH, MCCTEAyA
YCHOBHA  BOBMOMHOCTE  Hpeo0pAa3oBaHEA  KBAJpaTHIHON
dopumur

gndz'ds® (gy — Pyaxmun z)

K BHAY

2 (daty,

dra mpobieMa B CBOIO OYepefh ABIAETCA WACTHEIM CIydaeM
mpo0aeMsl 3KBABANIEHTHOCTH ABYX KBagpaTHYRLIX Andpdepen-
nuansEbX gopM, KoTopas Takme Obiia cdopMynmpoBama
Kpucropdenem, n sarmogaercs B Baxomgennn yeaoBnii Bo3-
MOKHOCTH 1peobpasoBamuaA APYr B Apyra ABYX opm:

gindztdzd m gi'hdx" dz'®,

Jra obmas mpofreMa 9KBUBAJEHTHOCTH HE OKABANACH, OfHA-
Ko, OOKa cymecrBenuoit nna c¢usuxa. Ha ocmoBammm gmero

*) Hocne;mvan paboTa nosBmIach B MeYaTH [OCHe onylimKoBa~
BEA KOHKYPCHOX paGotet PrMama (cuM, cpocky ma ¢, 62),
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¢dopManbHOro, HO O9YEHH KODOTKOrO, DO CPABHEHHIO ¢ KpH-
cropfeneBCKEMA BEMUCHCHAAME, paccy:kpennsa Puuan u
Jlesn-Yasare [67] npnimiau ¥ gounaTHio TeH30pa KPEBH3HEL
K uX paccMOTPEHHUIO KpPUBU3HBI OpUMHIKaeT W OAEMTeHRH
[67]. Haromen, 'eccenbepr [72] m Jlesu-Unmpnra [78] mamm
HATJAANHOE reoMeTpudeckoe o0hsCHEHHAe 3TOr0 MOHATHSM, CB-
8aB ero ¢ NapajielbHbIM ePeH0COM BEKTOPOB *).

B § 14 paccmarpmBancsa Bce BpeMa mapansenbHBIl mepe-
HOC BEKTOpa BAOJNL 3ajlanHoil KpHUBOH, a He WpOCTOHd mepe-
moc BekTopa m3 Toukm P B touxy P’. [Nocaegmuil ske TombKO
B eBKJINJIOBOIl reoMeTpum He 3aBUCAT 0T OyTH. Feam sme B
ofmeM ciyuae mepeHeCTH BEeKTOD &' BIONb 3aMKHYTOH Kpu-
BOH B HAa9aAbHYI TOUKY, TO HmepeHECenmHBI BexTop E* Gy-
HeT oTIWIeR or Hawanpmoro sewropa E'. Ha ocmoBammm sto-
ro MOKHO ONDPeNeJuTh TeHsop Kpmpnamsl. [lyeTe 3ajgaHa co-
BOKYIHOCTH KDPHBBIX :

2t =z"(u, v),

saBECAMAA OT JABYX mapamerpos. IlepemeceM mpomsBonbEEIH
Bexrop £ m3 Tourm Poo(u, v) gepes tourm Pio(u+ Au, v),
Pu(u+Au, v+ Av), Po(u, v-+Av) cmoBa B TOURY
Py (u, v). Ileperoc Gymer mpomCXOAuTh MOOYEPeNHO 1O KpH-
BHIM ¢ MOCTOAHHBIM U W KPUBLIM ¢ HOCTOAHHHIM u. Pazmmma
E* — &' = AE" mommna OwTh, oueBmmHO, mopsgKa  AuAv,
TaK KaK OHA paBHA HYN, Korfa Au mim Av paBHO HyJIO.

. A"
Ipemen lim Kz%z; Mo:KeT ObITh HA ocmosamum (64) cpasy
A
Az?:g
onpenenen. On pasen
. A‘éh ho i az7 ozl
lim Auldv Rijkg Bu v’ (85)
e
ark, orh
) ) - h
Riy = azlhj - az; + Tealf; — TiuT e (86)

3amernM, uto AE — pasmocTs MBYX BeKTOpoB B 0dnOl u
Toli ace Touke. IlosToMy neBas gacth (85) mMeer BerTOpHEI
Xapakrep, a, cTamo OBITh, BeKTOPHBIM Xapakrepom obaamaer
m mpasas gacts (85). B cmuy sroro meamummnt Rl opeq-
CTaBnanT cofolf KOMIOHEHTH TEeH30pa., DTOT TeH30D H €CTh

_ %) Cp. ramme manoxenne Befins B 1-M m 3-u magammax Raum-
Zeit-Materie, )

b*
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TEH30D KPUBN3HL, KOTOpLIH B 9eCTh MaremMaTuKOB, BOepBble
ero NOJYYMBINNX, HA3BAH TEHIOPOM PuM(ma—H'puc'rogﬁ_(ﬁe—
as. Cymuica Qopmya (85) cramonnren Harasjgnee, ecin Mme-
pefirn B HHX OT nponsﬂonm.w w mud (prLHL[ITaJlaM Byaem

dx?
ey du u 81" smecro -—dv U BBereM

nacate dr’ BMecto
GuBeKTOp
do™ = dr'da* — du"S..
h
Vara aETRCHMMETPHIROCTE Hjj, OTHOCHTENLHO HEAEKCOB
j m k, M1 moxem npnaarp pasenctsy (83) sug*)

AE" =1/, E doin, (87)

Awanornuno MO0 NONYYHTL A3MelenHe K08APUAHTNBLL
KOMIIOHEHT BEKTOPa IPH DapajijeliLloM pepeHOCe BeKTopa
Bpoab 3amMupyToli kpupoil. la ocnosanum (70) caepyer, uro

AEM = 1/2Rhijk§id0jk9 X (88)
e
05 pn O ps
Ruijp = —=2 — —1M g2 (Ty T i — T maTg i) =
8z’ oz

2 2 2 2
_ 1 (%, T8 T Oy +
ortazk * oxhor’  azlodd  8xtoah)

+ g8 (Lo n;lgin — Tanmlpi5).  (89)

[lanee, nerko nokasate, 410

AEn = gnAE® (90)
A BCJIEICTBHE 3TOro
Rpizn = gnalliin. (91)

A3 coormomenna (89) cmenyer, aro R... yronzeTsopser
YCIOBHAM CHMMETDHY

Rhijh = "'Rm'u = -"Rihjk = thm,
Rhfjh + anm + Rmm =0 (92)

H modroMy Ha ocmoBanuu § 14 sasaserca GuseKropom BTO-

*) B AByMepHOoM Mnorooﬁpaann usiCKennHil crmocol opmeoxmt
K N3BeCTHOI CBA3R Memxny l&)C(‘OBOW KpﬂBHdHOH 14 ned)emom CyMMBEI
YIJI0B Teoe3u4eCcKOro TpPeyronpRAKa, KOTOpaA euepsrie Gplna ykasa-
Ba layccom,
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poro pamra (cM. mpumed. 5). Coorwomenns (92), xax mo-
gaszan Leccenbepr [72], moryr GniTh Tar)ke BHIREMCHBI HEIIO-
CPeACTBEHHO U3 onpefeiaenus vedsopa kpusmzum (87). Taw
kax Pumam Bmecro Ruy uncaa . (hijk), stn Beanunusl muor-
g4 Ha3BIBAXOT YeTHIPeXHHJeKCHBIMH cnMsojamu. OHm pDaBHEL
HyJI0 B eBRJNJ0BOM HOPOCTPAHCTBE, TAK KAK HMCYE3al0T B TOIl
cucTeMe KOOPAMHAT, B KOTOPOl g; IIOCTOSHHBL, a ClenoBa-
TeJIbHO, MCYe3aI0T W B JNI000f KOOpAWHATHOH cHcTeMe. DTO
paBeHCTBO HyNI0 Rup ABIgeTcs BeoGXOMUMBIM  YCJIOBHEM
BOBMOJKHOCTH mpeofpazovanus ¢opmsr gadr'dz® B Qopmy
11\ 2
% (=" |
h

s Gusexropa Broporo pamra Hj, coepruisammeM momy-
9aeM JAMHENHEIA TeRsop BToporo pasra R, (cM. mpumed. 5):

Ry, = Rigy = g*PRuipr = g*PRignp. (93)
Ero cBoiicTa CHMMETPUH CHIeyI0T U3 PAaBEHCTB

g Ruimn = 8% Ronai = £ Rung.
Hommorents! Tensopa Ry cornacmo (86) pasmb
oy, or%,
ozt 9z*

Ry = + I8 I% — TEIE,. (94)

BropmumbiM cBepTHIBAHMEM M3 Hero MOJIYdaeTcs MHBAPAAHT
KPUBU3HEL *)

R = g"R,.. (95)

Hysuo eme sameruts, uro y Iepraorna [88] = B
paGorax Beitna [80] temsop xpusmaum oupenmenen co 3Ha-
KOM, NPOTHBONOJOKHBIM 3HAKY, yuoTpeGiseMoMy 3jech H
Y IpYrux aBTOpOB.

§ 17. PumaHoBB HOpMadbHBIE KOOPAHHATHI
M uUX NpUMeHeHnA

Bo Mmorux ciygasx mosesso BBefieHHe CIHeAyOMmEH Ko-
OpAMHATHOH cHcTeMBl, paccMoTpeHHo#i Pumamom B muccep-
ranun. IlycTs 3aaEa NPOHM3BOILHAA CHCTEMa KOOPAMHAT I,
IlpoBegem w3 Kakoi-mumOydap Toukm Py Bce reofesuuecKue
auuann, Ux manpaBiaeHuns onpefensioTcs KacaTeJlbHBIMH BEK-
Topamn B Touke Py ¢ kommomentamu (dz*/ds)o. B mexroropoii

*) Buepsuie BeTpewaercs y Jlunmmnma [87],
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oxpecrmocT® Py Oyper cymecTBOBaTh TOJNBKO OfHA Treofe-
sndYecKas I@HNA, OpoXxonAlas depes Pp m uepes 3amaHEYIO
rouky P. Ecam s — ganma reofesudeckoit ayra PPy, 10 TOU-
Ka P opgmosmauEniM 00pasoM onpepgensercs BeTHYHEAMHI

dz*

v = (gs— )0 5; (96)

y* B ABIAOTCA PUMAHOBHIME HOPMAQIBHEIME KOOPAMHATAMI.

OueBnHO, KOOPAMHATHAL CHCTEMA J Kacaercsd KOODIMHATHOI

cucreMsl £ B Py Tax, uro B Heit coBmajgaoT gy B Boobige

KOMIOHEHTH! N100BIX TEH30POB; MHl OyleM 0TMedYarh 3TH KOM-
o

IOHEHTHI KpYKKOM Bajg Oyxsoii, manpnMep gn. IIpomasons-
HOMY npeo0pasoBaHNIO Z-CACTeMEl cooTBercrByeT addmuHOe
npeobpasosanmne y-cuereMbl. OcraBigsa Telmepb B CTOPOHE
T-CHCTEeMY, HailfieM BEIpQ)KeHHEe JHHEHHOTO dAeMeHTa B HOP-
MaabHofi cmcreMe. 3aMeTHM cHadaja, 9ro B Touke Py mo
(80) Bce T3, mcuesaloT, Tak 4TO ypaBHeHHA 6Cer Teofe-
3UTCCKHAX JMAHNHN, BRIXOAAMMUX B3 Py, ABAAIOTCA NHHEHHBIMH:

I‘:a = O; (97)

3TO 3HAYMAT, YTO PAMaHOBA HODMAJLHAS CHCTEMA KOO UIHAT
ABJSAETCA reofeamueckoir B Touxke Py B mpomssoapmoll Tou-
Ke P nubeiinsl ypaBHeRENs He 6C€r TeONe3NYECKHX IHHMI,
OpOXOMsAIMUX dYepe3 Hee, a TOJABKO ypaBHenue o0Hol reope-
'3WYECKOH JMHMH, HpoxofAmeid rawxe geped Po. dto obero-
ATEIHCTBO BHIPAMKAETCA YPaBHeHHAMA

T (y) yy* =0, (98)

rme T}, (y) — smageEns koo(HUMEHTOB CBA3HOCTH B TOKe
¢ KOOpAMHATAMH Y. ITH YPaBHEHHA OJKHBI BBITOJHATHCS
nas scex y. HaoGopor, ecnu pia kakoil-nuGo KOOPHUHATHOMR
cucreMbl BeIDONHAWTeA pasencrsa (97) m (98), 10 oma as-
aserca HopManbmol cmcreMoit. Momuo nmoxasars [89], uro
BCIEICTBHE 9THX COOTHOIIGHWH JmHeiHbIf sneMent ds? mme-
er dopmy:

ds® = gindy'dy® +

+ 2 prn(y) W'yt — i dyh) dyt — yrdyd).  (99)
(hi)(ik)

B oroft cymme mapm mmpgexcoB (ki) m (jk) mpoGerator me-

8aBHACUMO APYT or apyra Bce n(n — 1)/2 BO3MOKHEIX KoMOA-

manuit, Ma (99) caepyer (97) m (98), rax uro Takas dopma
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aAuHEHAHOT0 dMeMEeHTa ABINAETCA HeoOXOAUMEIM B [OCTATOY-
gHM YCIOBEeM TOro, 9To0nl jaHmEas cmcTeMa Xoopgmsar y*
Gpr1a HOpPMANbHOH. BedmanBE puy; DpeacTaBisoT coboit pe-
rynapesie QYEKOWA y B 0pA nnmelinoM npeoGpasoBaHdn Y
penyT ce0a KaK KOMOOHeHTH (mBeKTOopa BTroporo pamra (cM.
ppaMed. 5) B MoryT GuITh onpenenens Tak [90], aro6H yos-
7eTBOPATH cBoficTBaM cmMMeTpHm (53) aToro TeHsopa (cM.
§ 11). Temsop kpuBE3HBE B TOUKe HATala KOOPRUHAT CBA3AH
¢ Pwp OT€HB IPOCTO, UMEHHO

I}Mjh = 3;)1(:".. (100)

TloaroMmy ten3op Ruj; HeNOCpDeACTBEHHO H3MepAeT B DTHX KO-
OpAEHATAX OTKIOHEHHE TeoMeTpHu or eBKanjonoir. Pumam
faiee OTMeTHJ, 4TO B CIAydYae UPOCTPAHCTBA ABYX H3Mepe-
guil, TnEe#AARA 2/IeMeHT KOTOpOro 3agaercsa ¢opMmynoi

ds? = yudu? + 2yiodu dv + Yyedv?,

e[[MHCTBEHEAS HE3aBHCAMAA KOMMOHEHTA TOH30PA KPHBU3HEI
Ri212 oupefeaser rayccoBy KpupE3Ry moBepxHoct® K mo

dopmyne
R
K= — 1212 . (1{)1)

V1Ve2 — Vo2
9ra dopMyna moaydaercss OPE HENOCPEACTBEHHOM CPABHEHNA
(89) c rayccosoit dopmyimoit gaa K. Ecan u, v — popManb-
HEI® KOOpAMHATHl MOBEPXHOCTH, TO JNMHeHHBIH SXeMeHT ee
uMeeT BUJ

ds? = Yo“du? + 2~{°12du dv + "?zzdv’ + n(u, v) (udv—vdu)?
(102)

@ rayccoBa KpUBH3Ha Ks Py cornacao (100) m (101) pasma

K=——3 (103)

© %9
Y11V22 — V12

3max K me cBasam ¢ Merpuxoii camoii mosepxmocrd. Om
AMeeT ACTopHIecKoe mPONCXOifAende @ OONYINICH OPH pace
CMOTDEHHR LOBEPXHOCTY KAK BIOMEHHOR B eBKIUZOBO HpO-
crpaacrso Tpex m3Mepennil. Wcxoma w3 Buiparkenua (99)
AnA nmHefiHOro BJeMEeHTAa, Kasamoch GBI, eCTeCTBEHHEE BHI-
fpath ofparsniii smak ®, manpumep, Kpusm3sy cdepnr BHa-
8BaTH OTPHIATeNLHOH,
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C moMombio HOPMANbHBRIX KOOPAMHAT MOKHO CBECTA MO=
BATH® KPUBHBHH R, K KPUBU3HE HOBEPXHOCTH. ITEM CIOCO-
6oM Pmmawm cocTBenHo m mpuinen BIepBhle K ONpeReNeHUIO
KpuBnaabl, Ilycrs safampl MBa HAaONpaBieHuA, KOTOpPHIE oOmpe-
nensioTca Bexropamu E m m'. JlAnEH 2TEX BEKTOPOB IpOH3-
BonbHEL. OHu onpegensior aumefEed My4oK HAOpaBIeHU

tu + v
W ByMepHOE HanpaBlleHHe

iR . Rl R L% 4

E'=En"—E.

Brons xamoro manpapieHusa [y9Ka NOCTPOHM IEOfe3udTe-
CKYI0 IMHNIO, BRIXomaAmyo ua Po. CoBOKymHOCTH 3TUX reoge-
BMYECKUX JuUDufi ofpasyer HOBEPXHOCTh, KPUBHM3HA KOTOPOIi

Hac uBTepecyer. Jluneilnsiil s3MeMeHT nOBEpXHOCTE HOJyTaer-
ca u3 (99) nopcramoBKOi

yt=Eu + n.
Om mmeer dopmy (102), rae
Y=gt =85 Yo = Yogu (" + ") =Ean;

N ° ; Rigjh
Yoo = guit =mmi = D pupt "
(hi)(GR)

Orcroa na ocuosasuu (100) m (103) nomyuaercs BrIpasKenme
AJA KPUBUBHLI

high hig iR
2 Rpptt® 2 Ry
— K = (hi)(jk) v (hi)(jR)
, Rk
—;;’ Egt 2 (Bnifin— 8ni8iy) 8"

(hi)(jh)
(104)

i

(mEgeKc ° onymen).

Tlonyuenukit pe3ynbTaT yiKe He CBA3AH ¢ HOPMAJTbHBIMA
xoopaunaramu (miromanu &% ouesmpuo, Beimagat). Kamxmo-
My ABYMEpDHOMY HanpaBJIeHMIO, TAKIM 06paszoM, COOTBETCTBY-
eT WHBADHABTHAsA rayccoBa KDHBU3HA, KOTOPYI0 mo Pumany
HA3bIBAIOT KPHUBH3HOH wpocTpancTsa R, COOTBeTCTBYIOIei
RaBHOMY JBYMepHOMY HanpasieHni0 (npd dTOM edl mpumi-
criBaior obparuntii no oraoinenuo K (104) smak). B usmo-
JKEHHOM BHIIIE ACHO OPOABIAETCA TO, 9TO BENHTAUL Ry
npefcraBIAlT co0oil KOMOOHEHTH (cM., npnMed, O) Ouren-
3opa BToporo pamra (B cmeicae § 11),
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B cBasn ¢ seBefennoit Pumanom dopmynoit (104) Tepr-
aorn [88] moxasan *), xax Mommo reoMeTpHvecKn HATepnpe-
TAPOBATh CBEPHYTHI TEH30D KPUBM3HEI N HABAPHAHT KpH-
puznsl. OH npmmen K caegymomuM pesynbraraM. Ilyers pa-
Bl 7 B3aOMHO HepOeHJUKYNADPHLIX HANpPaBIeHHdl, KOTOPHI®

n
onpenesorT (2> nByMepasix Haopasienuit, Eeam K{rs)—
KPUBH3HA OPOCTPAHCTBA B ABYMEepPHOM HampaBlIeHHH, OUpe-
HeNAEMOM I-M W $-M BEKTODaMH, TO HHBAPUAaHT KPHBU3HEL
paBeH

R =22 K(rs), (105)

(re)
rfie CyMMHUDOBAaHMe pacupocTpaHeHo HA BCe KOMOGUHAMAA HH-
gexcoB (rs). Cymma He 3aBHCHT 0T BbIbOpa n HampaBieHUIt
B Mo)KeT OBITH HaspaHa cpefgHell KpuBm3Hoii R, B mamHOi
roure. Ecnm Bexrop &' ompesmesnser Hexoe HampaBleHHE, KO-
TopoMy MbI mprunumem magexc 0, To cymma

S K (0r) sin? (01) = “§ Ly
(or)

(108)

onpefesnser CBepHYTHI TeH30p KpumBu3Hel Ri. 9rta cyMma
TaK;Ke He 3aBHCHT OT BHIfopa n HampaBieduidl. JTH HATEP-
OpeTamud AAI0T reoMeTpUUecKoe [OKAa3aTeJbCTBO TEH30PHO-
ro xapakrepa Ri m mHBap@asTHocTd R, KoTOophle pamee Gbl-
AN [oKasaHHl airefpamuecKkmM MerofgoM. Ecim Temeps mpm-
BATE Hanpasienue ( COBIARAOIMMUM C OJHNM M3 ODTOTOHAJIL-
HEIX HampaBieBmii, HaopuMep ¢ 1, To Doxydaercs COOTHO-
i (3: 4 )

ieh
Ral T _ 2 K (1r). (107)
-

3 (105) m (107) cmemyer, UTO cpefHAA KPUBH3HA Rn-y
NepOeHAUKYNAPHOTO K 3a1aBHOMY BekTopoM §' Bampasie-
auio 1 pasma

R- gigk G.kgigk
K = 22 = 108
% ) B tE (109
r#1,8%#1

*) IlmTepunperanua HOBApMAHTA KPHBMAHE! eme po [epraorma
perpeuaercs y Jloperna [91],
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rge
Gun= Ry — '/2guﬂ- (109)

10T TeH30p Urpaer BAKHYIO poib B o0mieil TeopHd OTHOCH-
renbaocra. (Ero masmiBator TensopoM Jditmmmreiina.)

Vuoomanem eme npocrywo teopemy [92] Depmeiins, oc-
gosaguyo Ha Beipmxennm (99) gna ampeiimoro siaeMenTa.
OGbem mapa pagayca r B eBRINJO0BOM HOpocTpaEcrBe R,
AMeeT IPOCTOe BLIPAsKeHMe

Vao=0C.r",

rae C. — xo3dduumenr, suauenne KOTOPOro AAA HAC 3HeCh
HecyllecTBesno, B puManoBoM mpoCTpaHCTBe Va — CHOKHAA
¢ynrnua r. Ecan pasnomuth ee B pAJ mO CTeNeHAM T A
OrPAAUYATECA TOJBLKO OJHUM WIeHOM, clefylomzMm 8a C.r*
noJyanM .

o
Vam Corn {1 40 20 400, (110)

rae R — meBapnaAT KpuBusEH B menTpe mapa. Juddepen-
muposanueM HoaydaeM orciofa $opMyay RiAA WIOMAgd OO-
BepxHOoCcTd Inapa Si:

- R
Sn'-_—nCnrn 1{1+—6"‘—;‘+an-}a (11‘1)

Mu1 MOKeM 3TE COOTHOIMEHHA MCOONAL30BATH HJAA HOBOTO
reoMeTPAYECKOro  OIpefesieEAs  UHBADHAHTA KPHBHBHEL
Wmeunno :

r—0 al r

R=1im(%—1)ﬂ%ﬁ>=

S
= lim (———1— — 1) S

r0 \ nC "~

Bseferne HOpMaiNBHEIX KOOPAMHAT CBORHAT BOUPOCH MH-
BapHAHTHOCTU mpE AioGoM npeolpa3oBaHEA K HHBAPUAHTHO-
ern npm anaeifinom npeoGpasoBanud ¥), MoEO nOKasarh
(orBneKasck OT HecyeCTBEHBOrG MOCTOAHHOIO MHOMHTONA),
qaro R ABnseTca eJMHCTBeHHBLIM HHBAapHAHTOM, KOTODHIH 8a-
BHCAT TONBLKO OT gy B UX HEePBHIX # BTOPHIX HOPOA3BOAHBIX,

*) Cu. o6mue yraszaunma [93]; smsog y H, Vermeil [90].
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ppudeM OT mocxepumx ammediso [92, 94]. Bee ammeitmsie
TeH30pH! BTOPOr0 paHra, Kotopbie 06JajaioT TeMu jKe CBOii-
crBaMu, nMemor sug [92, 94):

c1Ri + coRgin + c3gin (c1, c2, 3 — mocrosmame).  (113)

§ 18. EskannoBa reoMerpra M reoMCTPUs MPOCTPAHCTBA
¢ mocrosuHoii KpuBH3HOIi

PaBeHcTBO HYJI0 TeH30pa KPHBU3HB B €BKIMZOBOM HpPO-
crpancrBe oueBngHo (cM. § 16). Oxnaxo yxe Puman B cBoeft
AHCCePTAIUN YKa3al, 9TO BepHa M ob0paTHAsA TeopeMa: eciu
TeH30p KDPUBU3HE! PaBeH HYINI, TO IPOCTPAHCTBO EBKIHU0-
BO, T. €. TOTZA MOHO HAHTH TAaKYyi0 CHCTEMY KOODIUHAT, B
KOTODOH gi mocTOsHHBL, DBoepseie ofcToaTenbroe [oKasa-
TeIBCTBO 3TOro yTBepsgenua fan Jlnomum [87]. Ouens
H3AIiHOe [ HArdsAgHoe paccyMienue Obno mposegeno Befi-
aem [95]. B obmiem cnyuae pesynpTaT mapaniesbHOTO mepe-
HOCA BEKTOPA CYIMECTBEHHO B3ABUCHT OT NYTH, OO KOTOPOMY
0H BHINOJNHsETCA. JTOr0 He GYEeT, TONBKO €eCHH KOMIOHeH-
THl BEKTOpPA MOTYT OBITH OUpeJeseHBl HE TOAbKO KAK QyHK-
oUm S, HO ¥ Kak (DYHKOHE KOOPHMHAT z°, TaK 4T00BI BCIOZY
g JJIA BeexX HANPABIEHNI KPUBBIX BHIDONHANHCH yPABHEHMA
(64). D10 o3mauaer, aro &' JOMKHBEI yHOBIETBOPATE Rudde-
PeHIVATBEBIM YPABHEHAAM

9t /02" = — T, (114)

Ecam ncKaTh yeAOBHA UX WHTErpupPyeMOCTH, TO MOJKHO yoe-
AUTHCA, YTO OHH COBHAfaloT ¢ pasencrBoM Ry =0. Ecam,
TAKIM 00pa3oM, TeH30P KPUBH3HBI PaBed HYJ0, TO CHCTEMA
ypaBHeHUl paspeulnMa, NepeHOC HANPABIEHHA HE 3ABUCHT
OT ImyTH, 1 MOKHIO CKa3aTh, 4TO YDPABHEHAA HHTErPHPYeMEL.
VinorpeGuy Temeph BMecTo 3aJaumHO# cucTeMsl koopamuar K
¢ Ga3MCHBIME BEKTODAMH €, WOBYIO KOOPAMHATHYIO CHCTEMY
K’ ¢ GasumcunIMu BeKTOpaMu e;, o6nafaomuME CIeyIOmI-
ME cBoficTBAaMI: € B m0Goii Touke P; JOMKHB GHITH ma-
pannenbHL e; B moboit Bropoit Touke Py KoMmomemTh o
g cucreme K (cM. § 10) mommHBI mOaTOMY YOBIETBOPATH Ha
ocuosannn (114) ypasHeHnAM

gak ozt = — Thad. (115)

Taxoit RHOOP KOOPAWHAT BO3MOXKEA IOTOMY, 9TO BCJIeA-
creme (115) ycnosna mmterpupyeMoctu (63) BeImORHAKOTCA.
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HeficrBaTennLuo, BhIpaKeans

daf dak _ R
R W R L
dx't " ozt !

CHMMeTPHUYHE! oTHocuTeabHuo ! n i. B wammolt Touke nMeercsa

DO3TOMY 1 BEKTODPOB, HIMeHHO n GA3MCHBIX BEKTOPOB e;, KoM-

HDOHEHTH KOTOphiX B K’ ocTalTrca moCTOAHHBIMU OpH J060i

GeckoHeTHO Majoif Tpancaanuu. Tak kak Dpou3BOALHBIH BeK-
!

TOp X ecTh auneiinas QyHKnua €; ¥ TAK Kak GecKOHEUHo
Manasa tpancaanusa mo § 14 adpdunna, komuonentn x B K’
Opd 3TOM He MEeBfIoTcsa. JT0, OfHAKO, BO3MOMIHO, TOJLKO
ecnu koapdunuent cogsnoctu B K’ mcuesaror, T. e. ecanm
gin TOCTOAROEI, UTO MOKeT OHITH IErko OOATBEPIKICHO H
OpAMBIM quncnenuemGg;;{/c?x'l. JruM caMbIM JOKazarelb-
CTBO 3aKOHUYEHO.

Cpenm pnMamnoBLIX OPOCTPANCTE MOMKHO BBIAENHTL KJace
TAKAX OPOCTPAHCTB, A1 KOTOPHIX KPHUBU3HA HE 3aBUCHT HU
OT JByMepHOro HanpasieHHd, HH OT TOYKH U B KOTOPHIX,
cnegoBareanno, oo (104) uMeoT MecTo CoOTHOIIEHUS

Rz + o (8rign — gmgu) =0, (116)
rjie o — MNOCTosADHag BedHYNIHA (IIOJI()?RLITeJTbHaH ana orpu~
nateannasn). Ilociie ceepThIBaENA 0TCIOHA MOJydaeTcH
Ry+(n—1)aga=20 (117)
a -
R=-n(n-1)a. (118)

Jna Gynaymnx npmioenuil 3aMeTHM, 410 TeHsop G, ompe-
nensiemsiit (109), opuoGperaer npm 3ToM BHJ

Gy = M——z(n—z) agip. (119)
IIpn oo = 0 mMbi BO3BpAmIaeMca K CAY4al0 HyNeBOil KPHBH3HGL

IIpumepoM mpocrpaucTBa HOCTOAHAOH KPHBU3HEI ABIAAET-
ca cepa n m3Mepenmil, paccMaTpuBaeMasa KaK THIepIoBepX-
HOCTh eBKiamposa mpocrpauncrsa n -+ 1 wusmepennit. Horma
pedp HeT TOJbLKO 0 ee BHyTpeHHell Merpuie, o0BIIBO roBO-
paT o chepuueckoM OpocTpaHcTBe Ra.

Mer mMeeM B 9TOM caydgae:

ds? = 2 (dz')® + (dxmt1)? (120)
Z (1) + (an+1)2 = a2, (121)
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CyMmppoBagne no wajexcaM npomssofarca ot 1 mo n. Bse-
JAeM cHauama B KauecTse KOOpAuuar Touek ua cdepe
z' (i=1, 2, ..., n), upeacraBisiourme coboil NapaireIbHbIe
ppoeknun Todex cdepsl Ha IKBATOPHANLHYI0 NJIOCKOCTH
2zt = 0. Ucknwuan z"*', ua (120) npu momownn (121) mo-
nydaem

o= 3 ey +EET) oo Sep o

. a®

1

Axksatop z"*! = 0 asaserca ocohull aunmeit ATolt KoopIHHAT-
Hoif cucreMmel, K wampgomy unalopy 3Havesdll KOODJHHAT,
KpOMe TeX, KOTOpble COOTBETCTBYIOT [UYKAM IKBATOpA, OTHO-
caTen pse Touxn ciepuueckoro npoerpancrsa R, Moskno
TaKKe TPOCKTHPOBATH TOYKN c(epbl U3 eHTPA HA ILIOCKOCTH

z"*! = —qa, uro’ COOTBETCTBYeT OpPeo0PA3OBAHUIO KOOPHAMHAT
1:_21"1 72:“‘,.2.
z r’ (r A:(I 1) ’
i
r | .Zn+1 | a 3
P a = 2 P (123)
sz +r

OnycTuB B KOHEYHOM pe3yinbTaTe MITPHUXH, UOAYIHAM [Id
JUHEHOro aNeMeHTa BLIpasKeHle

2

ds? (?{-72? {(az + %) X (daiy — (aidaip |, (124)

dra cncreMa KOOPAIHAT OXBATHIBAET TOJNBKO MOJOBHHY cde-
PBHI, NpHYEM OKBATOPY COOTBETCTBYIOT KOOPJMHATH I' = o,

AHAIOrMUYHEIM 00Pa30M MOKHO BHECTH KOOPAHHATHL ¢ IO-
MOHIbIO cTepcorpa)nIecKoil HpPOeKIHI

: _ nt1
pim Lot Lotz ! (125)

7

r r 2a 1+ r2/4d®’

>, (da?)?

ds? (126)

1
Tt - r¥4a®)?’

npudeM B KOHEUHOM pe3yabTaTe CHOBA OIyINEeHBl IITPAXM.
Ara cucTeMa HMeeT 0co0y TOuKy &"*!=a; B 9T0ll TOUKe
r= oo,

Yersepras dopvma anHeiHoro aneMeuta mojaydaercs npH
BBeJEeHUN HOPMAJNBLHBIX KOOPAUHAT, 4TO JAOCTHUTaeTcs NOACTa-
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HOBKOiT
. r
==y ( 2 (yi)z)
n

; z"tl = acos —2- (127)

P
B (122). IIpu stoM oonysaeMm
. 1 2 o
ds? = izg sin 2 (dy?)* -2 (1 — %sm* -%) (y?dy®.
(128)

Tax kag
(E) (yidyt — yrdy')* = p? 2 (dy’)? — (yidy') (129)

ik
(opu cymMMupoBaRmm caesa Kaxkjaas KomGumagma (ik) ydum-
THIBaeTCA TOABKO OJME pas), NuuHedBHA 9NeMEHT MOIKHO
TaK)Ke SadHcaTh B BUje

ds* = X (dy') —

-4 .y P\ 1 k)2
7|1 — —sin®— E(ydyh——y dy*?, (128a)
b P ‘)&

Taxnm ofpasoM, y' — pmeficTBUTENBLHO HOPMAJbEBIe KOOPAH-
aatel, MoxHO 2TH Ke BLPaXieHAs HONYYUTH COKONLHBIM»
myTeM, CXOAA H3 MOSPRLIX KOOPAUHAT. Hauano xoopammar
cacTeMH y' coorsercrayer Touxe z"t!=a; p=an cooTBeT-
cTByeT ocobag TOYKa, Tak KAk BceM B3HAYeHUAM J', KOTO-
pble YAOBJIETBOPAKT YCIOBHIO P = af, COOTBETCTBYET OfHA H
Ta me Touka z"*!' = —a. Mn momyauM Bce TOUKA cdhepsl,
€CIH OTPABRUNM P YCIOBHEM P < 4N,

N3z (128a) caenyer sa ocmoammu (99) = (100), urto B
Touke y' = 0 KpuBM3HA WPOCTPABCIBA HE BABUCHT OT HBY-
MEPHOTO HANpaBJenus W 4TO B HTOH TOTKE YHOBNETBOPsILTCA
coorgomennre (116). Hoaduumenr o mmeer, B cmny

(12 et =1
5 (1 o sin® — )Dno = 322
1 s cany (100), smauenne
o = 1/a (130)

To, uro coormomennsa (116) ¢ ogmaM m TeM Ko 3mauenmeM
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o YROBIETBOPAITCA BO BCEX TOUKAX cPepUIecKOro mpocTpas-
CTBA, CHelyeT M3 CYyIIecTBOBAHMA IPYNNB ABEEKeHHI Gninyiy2,
KOTOpasA cofep:KuT npeofpasoBanis, HO3BOIAWINAE TEpeBec-
TH KaKYIO YrOZHO TOYKY A CBA3AHHHI ¢ HEH «7-MEePHBIA Ga-
BHC» B NIPYry0 TOYKY H ApYyrodl n-MepHuit Gasme, Taxue,
9TO OPH 3THX IPeofpasoBaHMAX AANHE BCEX KPUBBIX OCTAIOT-
ca nmeusMmemEniMu. OGosmaumm S mepexox (127) or cm-
cremul z', ..., """ eBramposa R,y K HOPMaXbLHEIM KOODH-
HaraM cdepugeckoro R, npocrpaHcrBa, a I ofosEagsnM
rn(n+ 1) /2-napamerpuueckyio rpyuny OPTOTOHAJBHBIX
ppeobpasoBanuii cmcreMsl 2, ..., "' Torma

Gn(n+l)/2 = S-1T§

4 eCTh MCKOMAas rpynna gasmxennuil. Beaencrsme atoro nmmei-
HBIH BIEMEHT HWMEeT ONMAAKOBYH (POPMY BO BCeX CHCTEMAax
HODMAJBHBIX KOOPAMHAT, Pie §b HA Haxomgmiach B cepmue-
CKOM mpocTpaEcTBe H, X HadadbHag Touka. Orciofa cie-
ayer, 910 coorgomenya (116) m (130) ymomaerBopswTca Bo
BceM cheprIecKoM IpocTpaHCTBe. JTO MOXKHO, KOHEYHO, IO~
TBEDIATH A HENOCPeJCTBEHHBIM PACIETOM.

IIpocrpancrBo Ra., oueBmAHO, 00184a€T TOCTOSHHOA KpH-
BU3HOH, KOTfla 0HO XapaKTePH3yeTcsa ClIefyOIIuME cBolicTBa-
MH: B HEKOTODOH (KOHeTHOH) OKDECTHOCTE KAaKNOM TOUKH
R, MOMXBHO oupefeanTs CHCTeMY KOOPHHHAT TAaK, 4TO JHHEMH-
HEI DIeMeHAT B Hell mMeeT OfHY H3 YeTHIP6X OKBHBAJEHT-
aeix dopm (120), (122), (124) nan (128); o me obszaTeian-
HO NOJKHA OBITH HoMOETenbHOM. Ecnm o orpmmarenbma, To
B QopMmyaax BClAy a® MOKHO 3aMEHATH BeJHIMHON —a? m

o = —1/a2, "(130a)

Puman B cBoelt gmcceprammm (cM. [76]) yxasax, a JImomun
[87] Bumepsbie mokasam, wro m HaoGOPOT, eCIE BCIOAY YHOB-
nersopserca coorHomenme (116), To caemyior ymomsmmyTHIE
ceoiicrsa R,. @epmeitns [90] npm momomm pasmomenna nu-
HeflHOTO BIeMEeHTA B CTeNeHHOH DA B HOPMAaIBHHIX KOOPAU-
HAaTax fal LOPOCTOe [OKAa3aTelIhCTBO TEODEMBEI, BAKIIOYAI0-
meeca B TOM, 4TO 3aJjaHMe TeH30PA KDPHBUBHE! OHO3HAYHO
ompefiensger (QoOpMy JMHEHHOro BIeMEHTa B HOPMaJIbHBIX
‘KOODZEEATAX. YKa3aHWme HA 3Ty TeopeMy mMeeTcs y:xe y Pm-
mana. B ¢usmxe sra obparHas TeopeMa IOKA He HAmjJa HA-
KAKOro UPUMeHEHHA.

Ins Kocmozormgeckax sompocos (cM. ra. IV) mmeer sma-
qeHNe CJAefyomee O0CTOATSNBCTBO: (OpPMA IMHEHHOrO aJie-
MeHTa He ONpejenderT OXHO3HAYHO METPUUECKHX CBOHCTB
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npocrpancrsa B nexaoM. Jluddepenmmanbao-reoMeTprnIecKoe
paccMOTpeRue JOJKHO OBITH JIOIOJHEHO B OTOM HYHKTE
npoextnsnniM. Ifocaenmee nosBonsier mma npocTpancTs no-
CTOANNOU KpUBU3NbL CPA3y OTBETHTH 1A BOTPOC O CBOICTBAX
écezo nmpocrpascTsa B ienoM. HanpuMep, kak BOoepsblie yra-
san Huneiin *), nna mpocrpancTBa NOCTOAHHOH NOAOHKUTEAL-
HOU KDPUBU3HEI HMEIOTCA JIBe BO3MOIKHOCTH, B 3aBUCHMOCTH
OT TOrO, COOTBETCTBYET Ju CHCTeMe 3HAaYeHUH KOOPAMHAT B
npexgcrapiennu (122) oama uam [Be TOYKH NpOCTPaHCTBA.
B nepsom cayuae apocrpancTBo Hasbipaerca cepuadeckum,
BO BTOPOM cliydyae, HA OCHOBAHUHW IPOGKTUBHON TEePMHUHOJIO-
rull,— samuntugeckuM. Ofa Buga I[IPOCTPAHCTB HABIFIOTCA
XOTH W BEOrPaHAUEBHBIMH, HO KOHEUHBIMH B PUMAHOROM
cmeicne. OGmuii o0beM BANHITAYECKOTO NMPOCTPAHCTBA, OYe-
BHJIHO, B Ba pa3za MeHbIIe, ueM obmuii o6beM cepraeckoro
IPOCTPAHCTBA TOW Ke KpEBH3HnblL, COBepITEHHO TaKHe ke
COOTHOINEHHA WMEKT MecTo Aid Noi#cil Aamanl  (3aMKHY-
THIX) reofesmdeckux gnanii ofomx npocrpamcrs. J{as mpo-
CTPAHCTB MHOCTOAHHOH OTPUNIATEABBON KPUBHBHBL YHCIO
pa3quIHBIX BO3MOKHOCTeH 3HAaumreabio Goasme. Ocobemnmo
saMevarenbsa mosepxsocts Handdopna, woropas noxassi-
BaeT BO3MOMUOCTD KOHEUHOZ0 MROT000pa3nd ¢ HYyaeeol Kpu-
eusnoti, Bonpoc o reoMerpum B uenom maoroobpasmii mo-
CTOAHHOH KpuBH3uW  Hassay Huamamarom  upoGaemoii
kanddopa-KnenoBCKAX nPOCTPAACTBEHALIX $opM.

§ 19. Nurerpansusie Teopemsl Taycca n Crokca
B 4eTbIPEXMEPHOM PHMAHOBOM NPOCTPAHCTBE

Ycnoxuenne TeH30PHOTO aHanu3a obmei rpynnsl npeob-
pasosaHnmii mo cpaBEeRuio ¢ anaqusoM addunnoir rpymmbr
COCTOMT B TOM, 9TO B HEM HejIb3f YK€ IPOCTO CKIAQBIBATE
KOMIIOHEHTH! [BYX TeH30DOB, CBABAHALIX € PA3NHYHLIMA TOU-
kamu. Iloaromy, arobm noayumrs n3 temsopa nuddepenmu-
poBaHAeM HOBEIfi TeR30p, HY:;KHO, BOOOLIe roBopsA, npuberayrs
K nomomn passutoro B § 14 momsitug o mapamienbHOM Oepe-
goce. Ilonywaomuecs opn aTomM mnpasmaa Oulam BIepBHIe
ynucto gopmMansao ycraHoBieHw Hpucrodpdemem [81] m
nosguee npusefess B cucteMy Puuum m Jlesn-Unsuroit (cm.
B [67]). Yopomenns m reoMerpuuecKue MATEPNpeTanun Gui-

*) Cm, [96] m ocoGemmo [97], rme mpoGaema Gmna pemena B ca-
Moii ofmeii opme, a Tarke [98].
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an AaEel B paGorax Beiina [99], IeccemGepra [72] =
Jlagra [69]. :

JIaa wacru omepamuil, KOTOpPhle MBI HpEMOe BCero pac-
CMOTPUM H KOTOpBle DPaclpOCTPAHATCA HA TEH30PHI mep-
poro panra (B cMeicie § 11), wospduumentsr cBA3HOCTH He
BXOJAT B KOHeuHBHI pesynbrar. IloaToMy ecrecTBenmo Tpe-
6oBaTh, YTOGEl DPHU ONpefeJeHNd MX He NPUMEHAJIHCH MOHA-
THA OapajienbHoro mepesoca. Ilpessge Bcero Mbl MOeM U3
ckanapa @ auddepernuporanneM o6paszosars Bekrop grad ¢,
9TO HENOCPEe/ICTBEHHO CleyeT U3 MHBAPHAHTHOCTH

P 5 .
d(P = EI:-’ dzt,

[Ipn 5TOM HYKHO B3aMeTHTh,- 4To Benmummn 9¢/dz' mpep-
cTaBIAIT co00H K08UPUAHTHBIE KOMIOHEHTEL:

grad,@ = d¢/0x'. A (131)

UYrobsr maiiry AambHeliimme COOTHOUISHWs, HAg0 IpHUMe-
- HUTh B HallleM cJydYae HHTerpajJbHEIE TeopeMel [aycca u
Croxca, DpuYeM MBI OrPAHAYUMCA YETHIPDEXMEPHBIM IIPOCTPaH-~
crBoM. (OOGof6uienue rayccoBofi W CTOKCOBOM TeopeM [Jid
MPOCTPaHCTB JNI000r0 guciaa maMmepenuit umeerca y Ilyamka-
pe [100] u Taycca [101]. [Insa cayuas cuemumanbHOil Teopwa
OTHOCHATEIBHOCTH (€BKIMIOBA TreoMeTpus M OPTOroHAJbHBIE
Koop/uHATH) (opMyasl GeuIn moxydens 3ommepderngom *).
ITycts

fiy F™* A™ (132)
— KOMIOHEHTH! BEKTOpa, GUBEKIOpA B TPHBEKTOPA, a
ds', do™, dS™, dz (133)

— 9JIeMeHTHl MJIHHE!, TOBEPXHOCTH, MPOCTPAHCTBA H YeTHI-
pexMepHOro Mmpa, abcOJNIOTHHIE BEJIHIHHBI KOTOPHIX PaBHEI

ds, do, dS, |dZ|. (133a)

Hommoonentnt (133) BrIpaskaioTcs 9epe3 KOOPAUHATHL ClIe-
nyomumM obpasom: ds' mpocto passa guddepenmmanaMm Ko-
opauHar

ds' = dz'; ' (134a)
nanee, ecan dz', 8z' m coorsercrBenmmo dz', 62!, Ax' —
KOMIOHEHTE He3aBHCUMEIX JHHEHHBIX BIEMEHTOB, IPHHAJJIE-

*) A, Sommerfeld [65]. quseprennua OuBeKTOpa BLIBOTHICT ¥
Hero ApyruM cuocoboM,

6 B, ITayan
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JRAIMAX TOBEPXHOCTEOMY WIH OPOCTPAHCTBEHHOMY 3IeMeH-
Ty, TO

dzt 8t

iR
doth = "% b (134b)
dzt 8zt Azl
dS™ = | gzt §ab Azt (134c)
dzt 6zl Azl

Bpefenme 3THX BLHIDa)KeHAN B KaKoH-1a00 NOBEPXHOCTHBIH
(zpocrpaBCTBeHBEI) HETErpan Sqa (z) doir (S Q(z)dS mz) CO0T-
BeTCTBYeT clocofy HammcaHWA MHOTOKDATHBIX MHTErpajioB,
seefieEHoMy Hueitaom {102] m masBamsoMy mM rpaccMaHOB-
ckaM. On saBugerca Hambolee eCTECTBEHHBIM CIOCOGOM Ha-
NHCAHUA, TAK KAK HENOCPEJCTBEHHO YKas3hIBAaeT HA MOBeJeHNE
maTerpana npu npeofpasoBaEmm KoopamEaT; moaroMy Hueitn
[102] = ppepmoumraer ero o6HYEOMY €moco0y HANHMCAHHA.
Opuako mHociefmmii HEMeeT OpeEMymecTBo Ooabmeir mpo-
CTOTH], XOTA OH I He YKAa3HBAaeT cpasy Ha mOBeJeHHE IOJBIH-
TErpasbHOr0 BHPAsKeBHs IPA NPeobpasoBaHAAX KOODAMHAT.
Mur moayymM »T0 HAanHCAHHE, €CJHH BO3bMEM HE3aBHCHMEIE
panpasnesna d, 8 (d, 6, A) gnA KOMIOHEBT dIeMeHTA IO-
pepxmocTm (o6beMa) mapaiae’bHBEIMH COOTBETCTBYION[EM KO-
OpAmHATHEIM OcaM. Torga

do™ = dz82% dS™ = dz'6z*A2,
W}, 3a0UCHIBAA €M@ HPOILe,
do™ = da'ds®;  dS™ = do'dada?, (135)

Ho majo, KOHeYHO, IOMHATH, YTO BTH BHIPAKEHUA IPH IIpe-
00pa3oBamEE KOOPAWHAT BeAyT ce0A KAK KOMIOHEHTHI
Gu- (Tpm-) Bekropa. v

Mer MoskeM 00pazoBarh HHBADHAHTH H3 TeH30poB (132)
m (133) psymsa cmocobaMmm.

1. IlomuoxuB oproromansuyn mpoexnmio f, F, A ma ds,
do, dS Ba BeAHYAHY COOTBETCIBYIONEro TeH30pa (AIMHY,
naomagb, 00beM):

fuds = fde’ (136a)
F.do = Fyda™; (136b)
'14st = AﬂudS‘ik!. r(136('4)
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2. IloMHOKkAB OpTOrOBa’sbHYIO Npoexknmnio Bexkropa f ma
gpanpaBieHde, Oepnesfgnxynspaoe K dS, wa obwem dS; no-
MHOKAB OPTOTOHANBHYIO Opoeknnio Ousekropa F ma fmBy-
MepHOE HalpaBieHne, HepHeafnKyaap€oe k do, HA ILIO-
majfb dC U, HAKOHEI, OOMHOKUB OPTOrOHANBEYIO MPOEKIUIO
TPUBEKTOPAa A Ha TpexMepHOe Banpasienne, fepHeHTAKY-
aspEOe K ds, Ha gaupy ds. Ord BLIPAKEHAs MOMHO HANTH
¢ DOMOINBIO Ayanbabx gonoaneanidt & ds, do, dS [cm. § 12/
(54b), (55]:

fudS = fidS} = (igm)l/ gfldsM™ = 3 flasM™  (137a)

(iklm)
Fydo = Fldol, = 3 V gFldoim = 3, §"de™;
(iRlm) (iklm)
(137b)
Ands = AMdsh, = D Vga™dsm = 3 a®dsm,

(ikTm) (ikTm)
(137¢)

CymMmapoBanue ﬁgm) pacnpocrpaneso Ha 9YeTHHIe mepecra-

#oBKR, a f, §, ¥ cyTh Ten3opable MIOTHOCTH, COOTBETCTBYIO-
mue f, F, A (em. § 11).

OGo6mennn wmaterpanbanx 3akomos layeca m Croxca
MOKHO Teleph copMynaupoBaTh caeywiM obpasoM. Ecnm
mel npounterpupyem (136a) mo samMrmEyToil KpmBoi, (136b),
(137b) — o samguytoit mosepxnocrn, a (137a) — no saMxny-
TOH ralleploBePXHOCTH, TO 9TH HHTErpanbl MOryT OHTH Ope-
obpasoBanbl B HHTErPaJbl 0O IOBEPXHOCTHEIM, HPOCTpaH-
CTBEHHBIM # MUPOBLIM 00:1acTAM, OrpaHHIeHHABIM HMIU:

{ 1.ds = [ rotyfdo = | rotiut doi®; (138a)
[ FodS = [ rot,Fas = [ roty,F as™; (138b)
[ 1aas = fdivia s = {vimtaz (1392)
(Pydo = §divaFas = [ 3 siniFashn (139b)

(ikim)

(amamorwamsie Teopems mua (136¢) u (137c) Mu ocranua-
€M B CTOpOHE, TaK KaK OHH N0 CUX HOD He mMelu B QH3HKe
&
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pakakoro npuMedenus). [Ipa aToM moao0KeHO

roty;, f = % — z—i—;; (140a)
rot;, F = %%f » %2% a—;;ii’; (140b)
Mmf:g;(divf - 1_}7}2%/;51) (141a)
b = 2 (diviF - 1}—%@) (141b)

Baytno, uTo nuBapuanTHOCTE HAYANBHALIX HHTErPajoB BiIedeT
3a coBoli MOBApPUAUTHOCTL KOUEYHBIX, JTO MOIKeT OHITh, Of-
HAKO, TOJBKO B TOM Clyd4de, ecin [OJLIHTErpajbHOe BbIpa-
AeHNe HUBAPHANTHO B Kasygjoll Todxe, TAaK KaKk 001acTh WH-
Terpuponannsn MOKHO Beerga BrIOpaTh Kak yroxuno Majaoil.
Orclopa caeayer, uto rot,f m rotyF saABiswores KoBapuaHt-
HBIMH KOMUOBedTaMn 6n- m tpusextopa, dbiw F — ckanspnas
miorHocTs, a b’ F — KodTpaBapmamTiibie KOMUOHEHTHI Bek-
TOPHOH NIOTHOCTH. dru cpolicTsa omepanuil rot n diw moryr
OBITH BHIPAKEHB! CACHYIOUMMU OpaBUIAMH:

1. Onepamua rot nospimaer paur teusopa (em. § 11),
a omepaina diY nommKaer ero.

2. 1lpu onepannu rot guddepeHunpyiorcsa KoBapnaHTHBIE
KOMIOHEUTH TCI30pa, a npn oncpaun bl — xonrpasapnant-
HBEIe KOMUOUENTH TEH30pHOH IMIOTHOCTIL.

3. Ooeparnu rot u diw ABiAgIOTCA AyadbHBIMA. ITO cie-
nyer u3 coornowenuii (137). [leficteurensHo, mampuMmep,
JeTKO NPOBEPUTH, 4TO

I'Otim F = biID”‘F*. (142)

Kax B OGBIMHOM BEKTOPHOM MCUHCALHUN, onepamun grad,
rot, pi Mmmuo komOrunposars. ViMeror mecTo cooTrouIeRNs

rot grad ¢ = diw biwF = rotrot { = 0. (143)

MpuMenas nmocaefonaTenbHO K ckanapy @ oumepamnn div
u grad, noayuaior obofimenne janjacoBckoro omeparopa A.
o npepnomenmo Kown ero ofo3nagarT CHMBOIOM O, Ve
Beastpaxn [103] Bses ero B Teopmio muBapuaHtoB n-mep-
HBIX MIOFP0O5pa3iil; ero neppoe NpUMeHeHAe B ClenanbROl
Teopnn otHocuTenbuoctn serpeaercsa y Ilyanwape. Hus no-
nydenusi ero, coraacno (lala), mymuo maiitm KomTpasapi-
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aHTHBIE KOMOOHEHTEI BEHTOPHOfI IJOTHOCTH rpajuenta:

. 1 - o 0
Og = divgrad ¢ = ]7;0_3‘* ( V ggt 6—;‘1) (144)

Orcopa crenyer, 9T0 OPH NOCTOARHBIX L
O @ = g"d%p/dz'dz*, (144a)

B sroM cmenuansHEOM Ccaydae MOMKHO IPH IOMOINY OMEpaTo-
pa O obpasosare u3 Bextopa f; Bopuiii Bexrtop. Hak m B
00BI9HOM BeKTOPHOM HCUHC/AEHUH, HMeeT MeCTO COOTHOMIeHMe:

divirot f = grad, divi — Of, (145)

910 COOTHOMMeRHe, OfHAKO, He uMeeT o00oOmeHna OIS Chy-
gas, KOIMA gy He ABMAIOTCA IOCTOS HHBIMI.

Hyxano ormeruts, uro ssegenmas B § 11 ma reomerpm-
qecKoil ocHOBe CHCTEMATHKA TeH30POB MOKeT GLITh MOJNKper-
JieHa .M BBEIYNCAUTEeNbHBIMA coobpaskeHusmua. ViMenno, TeB3o0-
pul [epBOTO panra aHaluTHYeCKN OTIAWTAIOTCA 0T TeH30DORB
BBICIIAX DAHTOB TeM, 4T0 u3 uux 6e3 nomomn xoaddunuen-
TOB cBasmoctH Mo#uo o6paszosars RudpepemnupoBansueM
HOBEIE TEH30pLIL.

§ 20. Bsenenne HHBApPUAHTHEHIX
mudepenyuanpupX onepamii
¢ HCHoAL3oBaHneM K03 uiieHToB CBAIHOCTH

Tlepeiiiem Temephb ko BTOpo@ rpynne auddepernnans-
HBIX olepanuii, A8 KOTOPBIX NoBfATHe Iapajiesbioro mnepe-
Hoca Hrpaer cyliecTBensyio poib. Jaa duamucckux npmmo-
skennll TOALKO [Be TAaKHe olepallill ¢MEIOT 3Hadeale, UMeH-
HO Te, KOTOPHIE COOTBETCTBYIOT OHepaltuaM

Ay = Bai/ﬁ:c"

t; = 0th/0z" (div Temsopa vroporo pamnra)

a(’b(anHoﬁ rpynmsL. Yrobu TONYTdTh HX BEIPAAenns B 00-
mei rpymnne npeoGpasosanui, crexae caenyiomee mocrpoe-
ane. Ilyers B RasKuo# Torme kpusoit 2* = £"(¢) sagam Bex-
top ¢ wkommomentamn a'. BuibGepem npoumssomnunm oGpasoM
HEKOTOPYI0 TOUKY rcpmaou P w nocTpoum nyTeM (apajelns-
HOro TepenHoca BexTopa a H(P) BJIONIb KpUBOH BTOPYIO COBO-
KyneocTh Bekropos a'(P’), rme P’ — mwoban Touka KpUBOLL.
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B rouke P @' u o' cosmapmaior:
a'(P)=ad'(P).
Torga npm NOMOMHA COOTHOLIEHUA
i ’ =1 ’
. Py —a' (P
At = ljm “E) —a (P)
PP At

MOXEO MEBAPUABTHBIM 00pasoM oNpefenuTh HOBEII BEKTOD,
TaK KaK B WICJHMTeNe CTOMT PA3HOCTh ABYX BEKTOPOB B 00-
HOU TOuKe, I/Is (64) m (70) caenyer, uTo

A= + Thar 22, (146a)
d »  daP
4; = 7“; — Thar 757* (146b)

Ecanm MBI noficrasuM BMecTo ! [UIMHAY AYTH § B BMECTO @' Ka-
caTenbHHI BeKrop u' = dz'/ds, To monyuuM BEKTOpP «YCKOpe-
HUA», KOMNOHEHTH KoToporo B cosmajalor ¢ aesoil
gacreio (80):

%zt 1 dx’ dx®

i
B =S+ TGS (147)

Ecam BexTop ¢' 3ajam Be TONBKO BIONb KPHBOH, HO W B He-

Ko Gaacr, dat dal dazt
TOpOl oGnacrd, To — = — -
P dt = gk dt’

K&/KIOMy HampasjaeHuio dz'/di MOKHO COHOCTABUTH BEKTOD

n npm mowomn (146)

A; —a,k‘fﬂk, Al = aﬁ%%h,

Orciofga caepyer, a4To
aj, = zix; + Thas; (148a)
Gip = Z;L: — Tsar (148b)

ABIAIOTCA KOMIOHEHTAaMH HEKOTOPOT0 TeH30pa. JTOT TEH30p
"y ecTh uckomoe o0OoGmenue Tensopa da/0x* addurHOI
rpyumsL

Bekropuoe moie a', nns KOTOPOTO TEH30D @; HMCYe3aeT
B HEKOTOpPOil Touke P, HasHIBAeTCA CTAYUOHAPHLIM B 9TOM
touke. Ilo § 16 m 18 B eBKIMAOBOM DPOCTPAHCTBE H TOIBKO
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B HEM CYIIeCTBYIOT BEKTODHEIE MOJfA, CTANUOHAPHBIE BO BCEX
TOYKax HEKOTOpoll Komewunofi obaacrw.

Tax xax cncrema Bennuus @, De cOIMMeTpHYHA O He aH-
TECHMMCTPUYHA, TO MHl AMeeM f[el0 ¢ TeH30POM B CMELICIe
§ 9, a e B cmpicae § 11, Mo mosem pas6nte @, HR aHTH-
CAMMETPRYHYI0 43CTh

1 (Oa;  da,
2 \ot oot

7 CEMMETPUYHYI 9acTh

- 1 fOa; = Oay r
Q=3 Q'+a_ﬁ — Tigtre (148¢)

C moMompbio CTAIMOHAPHBEIX BEKTOPHHIX NOMell MoskHo,
menonbsyn nponeAaypy Beiiam [104], ofpasosars pmsepren-
nuio Tes3zopa sroporo parra I, Ilyers §' — Bexropsoe none,
cranumonaproe B P, Tak 410 B 5TOH TOUKe

ot fozt = —ThE

084/0zr = Tiskre
O6pasyeuM torma cornacao (141a) mmeepreunmmio BexTOpa
ji —_ Tikak — T}lgk.

BBepa B Hee snagenme HPOH3BORHHIX Ey HONYyTUM

bimf = .=bim T.& = pimiT. g, (149)
$
e
agk s 6Ik __1_ agra rs
bim,i_:?—x— UTh= 3 — 2542 (150a)
dim fm_ +z”r,,, (150b)

€ - TeHsopHAA OJNOTHOCTH, cooTBeTcTBylOmaa T, m M3 ma-
papuaursocta (149) caemyer, aro (150a) u (150b) cyrs
KO- @ KOHTDaBapHARTHbIE KOMOOHEHTH HEKOTOPOH BeKTOpHOI
DJIOTHOCTH.

B eBrampoBoM mpoCTpaHCTBE MOMHO AHBEDPreHNAI0 TeH-
‘Bopa BTOPOro paEra HHTepUOpETHPOBaTb mEATe. Kcam r* @
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s' -—— IBa eWOAYHBLIX BEKTOPA, TO MOKHO HA3BATh BEJIHUHHY
T (rsy = Tyr's* KOMOOHEHTO TeH30Pa IO STHM J[ByM HAmUPaB-
aesnaM. Ilycrs v samamo B Touke P npomsBONBHEIM ofpa-
30M; TOTa B Jaf06oii Touke P’ paccMaTpaBaeMoro eBKINI0BA
OPOCTPAHCTBA MOKHO OJHO3HAYHBIM UHBAPMAHTHEIM of6pasom
yKasaTp mapajieapHoe r' nampasienue r. BekToproe moxne
7, ogeBHAHO, BCIONY CTAT{HOHADHO H MOMKET OBITH HOJCTaB-
aeso B (149) Bmecro &%

bim (Tr) = dimT,
Tlonomns, nanee, 8 (139a) f=(%F), opumem

[ rmds = [vimTde = [bingTaz, (151)

bim® = lim < (151a)
50 3 ds

dopmyae, nomyseanoii JJanrom (cm. [69]). anee, meeskan-
[0BO HPOCTPAHCTBO MOKHO 3aMEHATH KAacaTeAbHLIM eBKJIU-
HOBBIM, TaK KAK BTOpBle ODOUBBOAHBIE g B KOHEUYHHIH pe-
~ayaprar (150) Be BXOEAT, a mepBble IPON3BOAHDBIE iy MOIKHO
COOTBETCTBYIOINM BHIGOPOM KOOPAMHAT CHENaTh B 000MX HpO-
crpaHcTBax opumakoBsiMu. IloaToMy pesyanrar ppefeanHo-
ro mepexoma B (151a)— Bexropumii xapakrep bdiwE — mo-
JReT HpeTeH0BaTh HA OOM{HOCTH, XOTA HHTErpPa]d INpaBoH
gacTH MMeeT CMBICA TOJbKO B €BKIHIOBOM OPOCTPAHCTBE,
Pagu monmoTsl DpuBegeM 3fech eme obmyio ¢opmyay,
KoTopag, ofpako, B (u3uke He mrpaeT BuKakod poam. Ma
Ten3opa oY npu mmddepennUpOBAHME HOXYIAETCA TeH-
30p BBICIIErO pPaHra:
aaikl-au

ikl.., rat..s i okl...
a ”t"“’p=—_a—z_?_— rppa rst.,;'!‘

h _ipl.:e o _ikl..+ e ikl
+ Tppa e rst... +. e I‘p,a ost — l"psa rot... T (152)

Ounepamma (152), maiigewnas eme Hpucrodgdenem, nazsana
Puwan u Jlesu-Uusmroit wosapuawrnvim Ougdepenyupoea-
HueM.

Mgl MCTONB30BANM pamee 3Ty ONEpamnio AJA OONYIeHHSA
quBepremnum Temsopa sroporo pamra. Wmenmo myTeM amg-
depeunuposanns I'* cornacno (192) MBI mOMydYumid TEH30P
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Ti*u sarey cmepmyan ero:
divi T = Tk,

Caeayer eme yooMaHYTH o ToM, Kak Puuun m Jlesn-Uupmra
(cm. [67]) monywman BbIpaskenue [JisI TeH30pa KPUBH3HEL *),
Jlna OpomsBoabHOTO BekTopa a4; obpasylT mo (148b) au,
a satem o (152) ay,. IlpaBas wacte aToro BhIpamKeHHs Co-
JepsKUT TIEHEI, B KOTOPHIe BXOMAT TOJIBKO @;, U WICHH, B KO-
TOpLIE BXOAAT MepBEIe M BTOpble MPOU3BOXHEIE OT a; Iloc-
JdeJHEE, OfHAKO, HCYE3AIOT [ DPAaSHOCTH &y — Aup Taxr
OOJYIAOT, 4TO

h
Aip,1 — A p = R ih1Qhs

. ' h
TarkuM o6pasoM, BHAcHAETCH TeR30pHBI xapakrep R ig. On-
HAKO 3TOT METOJ[ He DPACKPHIBAET TeOMETPHYeCKOTO 3HAUEHUA

h
remsopa R%; (cM. mpumew. 7).

§ 21. Apdunssie Tenzopst 1 CBOGOAHBIE BEKTOPHI

Xora obmmas Teopud OTHOCHTENBHOCTH HMEET Jel0 TOJIb-
KO ¢ ypaBHEHUSMH, KOBADHAHTHBLIMA OTHOCHTEIBHO JIOOBIX
npeoGpasoBaEmii KOOPANMHAT, OXAAKO B Heil BCTPEIAIOTCHA CH=
cTeMBl BEJWYNH, BEAymNe ceds Kak TEH30DHI TONBKO IO OT=
HomeHno K anuefiasiy  (adpduanbiM) mpeobpasoBaHMAM.
Hasosem ux aggunnbimu rensopamu. Tarumum addmarasivu
TOH30pPAMHE, HaNpuMep, ABNAIOTCA KodPPUIHEeHTH CBA3HOCTH,

. k
B uacrmocrm, Berpeuaiorcs afpdunnvie Temsopsl Ui, Tem-

h Rk - o
3opHBle mioTHocTH KoTopeix Ui = Uj Vg 6 ai0boll cucreme
orcuerTa YIOBIGTBOPAT YpaBHEHHAM

ou}foxt = 0. (153)

flcmo, uto npm obmeM mpeoGpazoBaEAW KOOPIUHAT Ut
He OGyayT npeoOpas3oBeiBaThcA anueiino m opgsoponao. Mosx-
Ho, ofnaKo, u3 U} HBTerpmpoBaBHeM WOAYIUTH cHCTEMY Be-
auquu J,, KOTOpaA 00 OTHOMIEHHI0O K rpyome mpeobpasosa-
Huli smauntenbHo Oomee obmieit, gem addurmas, Bemer ce-
6s Kark BEKTOD.

Yrobs 3T0 NOKA3aTh, DpPUBEJEM cHAdana NOJFOTOBH-
TeNbHOE BelloMorareabHoe paccympenie, Iycrs mam 4-sexrop

*) Cp. rarxe manomenuwe Jfimmrteiina (cM, Ann, Phys, [671).
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s" ¢ COOTBETCTBYIOMER BEeKTOPEHOH LIOTHOCTHIO $°, AWBEpPTeH<
nrAsa KOTopod pasHA HYIIO:

9*/92* = 0. (154)

ITycTs mmxe BendIdmHA $* TONBKO BHYTPH (MHPOBOH TpyO-
KH» OTINYHA OT HYJIA 4lHd, BO BCAKOM cjaydae, UYCTh OHA
rax OBICTPO cmafaeT BHE ee, 9TO HHTErpPajbl, KOTOPHIe HOMKO
OynyT BeTpedarbcd, pacupocTpaHeRHbie Ha 06sacrs, focTa-
TOYHO yAaJeHayIo oT TpyOkm, paBEAnnch Ob myno. Mu pac-
CMATPHBAEM HHUKE TOJBKO TaKHe KOODJAHATHHIE CHCTEMEI,
B KOTOPBIX Bce MNOLOPOCTPAHCTBA OOCTOAHHOTO BpeMeHn
(z* = const) nepecekaioT MEPOBY®W TPYyOKY mo OfHOCBA3HBIM
o6aactaM. llcooasayem rteneps TO 06CTOATENABCTBO, 9TO MO

(1392) m (154) warerpan Ssnd'S BCeTZia paBesB HYIIO, eCid
OH pacupocTpameH Ha 3aMKHYTYIO THIePOOBepXHOCTh. B ka-
4qecTBe ofnacrm WHTerpuwpoBasmsa BhIOEpaeM JBa CeYeHUsA
z* = const, coefuHAKNMUXCA MeKAY CoOOH rEmepPIOBEpPXHO-
cThlo, nemanieit He TpyOrm, Torga ms (137a) cmemyer, aro
BHTErpal

J = [ stz dz* d® (155)

ONUHAKOB fing obomx cedenmmii TpyGkm, T, 6. 9T0 OH HE 3a-
BucHT 0T z‘. BBefeM Temeps BTODPYI0 KOOPAHBATHYI0 CHCTe-
My K’, xotopas mmeer Bue TpyGKuM mOCTOAHHBIE g, 8 BHYT-
pm pr6KH yZOBJETBOPSAET JMIIL TOMY YCNOBHIO, 9TO OpO-
cTpascTBa z'* = const mepecexaoT TPyOKY mO OfBOCBA3HBIM
obnacraM. B Kauecrme obnacreil AHTErpUpPOBAHUA MBI BO3b~
MeM Tenmeps cededme z* = const m cesenmme r'* = const, Ko-
TOpHle BCerfa MOKHO BHIODaTh Tak, qro6m OHW HO mepeceka-
JECh; TOTHA

_Y gtda! da® da® = 5 s'4dz' dz'? dx’8,

T. €. mHTerpan J MEBApPMAHTEH OTHOCHUTENLEO BCEX JOMYCTH-
MBIX 3fiech Ipeo0pa3oBaHUi KOOPAWHAT,

9TOMY CIy4al0 MOKHO DDHBECTH HHTErPAPOBARIe
rommonenT addurBore Temsopa. YMmuaomum adpduaaabi Ten-
30p Ha BEKTOpP p", KOMIOHEHTH KOTOPOrG BHYTPA TPYOKH
TOCTOSHHLL '

U* = Ultpi

U” Bener ceba mo OTHOIUGHHIO KO BCCM JUHEHHBIM mpeofpa-
80BAHUAM Kag Bexrop. Bo Bcex wooppumarmmx cmcremax XK',
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KOTOpHle MONYUYAKTCA N3 IePBOHATAILHON CHCTEMBI K npm
OOMOIIY TaKHmX npeoﬁpagoBaHHH, KoMOoHeHTH p”* mocTosm-
HBl BHYTDH MHDOBOfi TPYOKM W I03TOMY YAOBJIETBOpSETCA
ypaBHEHHe

Mozt = 0.
Benegersue (155) mmTerpan

J = f 14dz! da? da?

AHBAPHAHTEH OTHOCHTENBHO NMHEHHHIX mpeobpasoBammil X B
n1000M CeJeHHM MMeeT OfHY W Ty jKe BejuumEy. TaK Kak

J = Jkph,
rjge

= [ uidat @zt dao (156)

B BeKTOp p* NpOU3BOMBHBIA, BeMHIHHBH J, AMEIT BEKTOD-
HEI{l XapaxTep OTHOCHTEJBHO JHHEHHBLIX DpeoGpasoBammii*),

IToxamem Temeps mo dimmreitny [107], 4ro srm Be-
AMYAHE] COXPAHAIOT BEKTODHBIA XapakTep, €CHH MEPEHTH 0T
KoopAmHATHON cucreMsl K K 060l apyroil KoopaMHATHOMR
cucreme K', copuajatomeit ¢ K Bae tpyGrm. J{aa storo po-
CTATOYHO TOJBKO HOCTPOHTH KOOPAUHATHYIO CHCTEMY, KOTO-
pas B ofHoM ceueHum, z”* = ¢, cosnamaer ¢ K, a B pyrom
cevennn — z”* = ¢, copmagaer ¢ K’'. Tax kar yme mokasza-
HO, 4T0 J, OJMHAKOBO [is ABYX PAa3jHYHBIX cedeHumd z*=
= const ofHO# m TOH ;Ke KOOPAUHATHOU CHCTeMB, TO TeM
caMbeIM mokasago, uto J, 8 K n K’ pasmm. Warerpaxn J,, ra-
kum obpasom, eoobuye we 3asucur or evibopa koopOuHar
enyTpu muposoil Tpybru. WmtepecHo, wro, mexoga us ad-
QuaBOro TEH30pa U%, KoTophii KOBapHAHTEH TONBKO opa
AUHEUNHbLE nPeoGpasoeanusxr koopdurar, Mel BHTETPHPOBAHM-
eM DONYYWJIn cuCTeMy Bennduud J,, KoTopas BejeT cefa Kak
BEKTOP OTHOCHTENBHO 3HAXUTeabHOo Ooaee obwell epynnwvi
npeobpaszoeanuti. Bekrop J, otnmiaerca or OGLIIHBIX BEKTO-
poB TeM, UTO OH He CBf3aH ¢ ompejeleHHoft Todxoit. Msr
Ha30BeM ero BMmecte ¢ HueliHoM H B COINIACHM ¢ TEPMHUHOIO-
rueid MeXaHHKA c60600HbLM 6EKTOPOM,

*) 910 Bnepsbie mokasan Kueiim B [105], rxe ofcroAaTensHo pa-
806pansl  cBOGOJEBIE BEKTOPLL VBJO0KCHHOE B3[eCh [OKA3aTeNbCTBO
Ba3ATO y Beitna [106],
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§ 22, Teomerpns peannbHoOro mupa

Ho cmx mop MH MomJanwBo upegmoxarand, 4ro opma
ds? — onpegenennaa gopma. B peiicTeuTenbroM OpOCTPAHCT-
BCHHO-BDEMEHNOM MEDE 3TO He UMEST Mecra, TaK Kak ds?
B HOpMaubioli hopMe EMeeT TpH 9JICHA MONOKATENBHBIX H
oxnys orpannarensHsiii, MopManbuo Bce KO cHX IOP BLIBeeH-
Hble pe3yJbTaTel MOKHO IMepeHeCTH M HA 3TOT Ciaydali, Tax
KaK BBeJeHHe MHHMOl KOOPHHMHATH MO3BOJAET CBECTH OFNH
cayuait ¥ gpyromy (cm. § 7). T'eomerpuueckn, oxnaxo, ¢op-
Mynbl OYAYT HCTOAKOBHIBATLCHA HECKOJIBKO MHAUE.

Ecim ocraBarbes cmagaza B ofmactm OPHMEHUMOCTH
CHeNUANLHEON TEOPHUM OTHOCHTEJLHOCTH U BBECTH B KadecThe
4eTBePTON KoopAuHATH ! = c¢l, TO OpHm 3agaEHOM Hadaxe
KOOpPAUHAT MOKHO paseJNTh MUD WHBapHAaATHBIM, OTHOCU-
TeNbHO JIOPeHIEeBHIX npeofpasoBaHuii, cmocoboM HA jBe da-
CTH, XapaKTepHayKIMuecsa YCIOBUAMH

xf 4 a) 4+ 2) — 23 <0 (6yaymee m mpomuioe), (A)

z] + 2} + 23 — 23>0 (nmpomesxyroumas obmactp). (B)
Omn pasfensioTes HOBEPXHOCTBIO KORYCA

a4+ ) + 23 — 23 =0, . ©)

[0 KOTOpOH OPOXOAAT MAPOBEIE JUHAN CBETOBBIX mdyueil.

Ecim mavano HeKOTOPOTO BEKTOpA COBHAAAET C HAYANIOM
koopanHar O, TO OH HA3bIBaeTCS HPOCTPAHCTBEHHLIM BEKIO-
poM, ecim Komey ero neykut B obmacru (B), BpememHEIM
BEKTOPOM, eciit OH JeKuT B obmacTé (A), M HYJNEBHIM Bek-
Topowm, ecan on Aemur #a wouyce (C). IIpeoGpazosanme Jlo-
peniia 6marogapA H3MeHEeHHOMY BHAKy 9YeTBepTOil mepeMeH-
Holl TpefcraBiser co6oii He Bpamieawe KOOPIHHATHOH cCH-
CTeMH, a Mepexod OT OfHOH CHCTeMBI CONDSKEHHLIX NHAMET-
pos runepbonoaga

2 2 2 2
zt+xtas—ry=1

K papyroil. (9ta muTepmperanms npeobpazopanmna Jlopeuna,
a TakKe MOHATHA, OpIMEeHseMBle B [ajbHeiiolem, BcTpeda-
1orca Boepssie Y MuukoBckoro.) IIpocTeiM reomerpudecknM
paccymjenneM HJIH LOpPocTEIM mnpnMeHenneMm opmyast (I)
MO/KHO NOKa3aTh, YTO HPH NOMOLE HOAXOAALIEro BeIOOpa
KOOPAMHAT MOKHO HoOHTBCA Aas Touku obaactm (A) upo-
cTpaHCTBeHHOro, a jAna Touku obaactu (B) Bpemenmdro
coBuajfiesnsa (OAHOBPEMEHHOCTH) C HAYAJOM KOOPjHHAT,
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I. e. 9TO BCerja MOKHO OPH HOMONM COOTBETCTBYIOMETO
gpi6OpPa KOOPAMHAT CHENaTh BPEMEHHYI0 KOMIIOHENTY MPOCT-
pAHCTBEHHOrO BEKTOPA U BCE NPOCTPAHCTBEHIBIE KOMOOHEH-
TH BPEMEHOOro BeKTopa pasnbiMu nyiaio. Hpome toro, ua oc-
gopadin peayabraros § 6, tonbro toTknm obmactu (A) Mo-
ryT OBITH NPUYIHHO-CRABAHABIMA ¢ HATAJNOM KoopAunar. Pac-
gMOTpeHHAs reoMeTpus, ogpefenseMas NUHeHABIM 31€MeHTOM

ds? =(dz")? +(da?)? + (dz®)? — (dr")?,

yomer ObiTh maspama mo Hueilny un I'nanGepry ncesdo-
FK U080 : .

Boonne amajnoriiuHble pasAEynsa  MeKAy TeoMeTpASMYU
NOJAOMKUTENBHO ONpefedeHHoll u geoupemesennoii gopMm au-
HeHOTO dJeMeHTa MMeloT MecTo B o0mieil reoMerpun Puma-
ga, [locTpoum sce Bmixomamue u3 Toukm Py reopeswdeckme
THHAN, KOTOpPble YROBAETBOPAIT B Py ycaoBusM

g 22 o, (4)
ana

el i, ()
aaa

£ G = 0 (©)

(t — napameTp KpHWBOii). OTH JAWDUM HeNPEPLIBHO 3AHOJRA-
ot obnacra npocrpascrea-spemenn nam (C') nosepsmocTs
cserosoro Komyca. Coorsercrylouine manpapienus (BexTo-
pr1) B Touke Py HA3wIBAWOTCA, KAaK M BRIIe, BpPeMeHHEIMA,
OPOCTPAHCTBEHHBIMI U HYNEBLIMA HAlpaBireHusIMA (HYleBbIe
BEKTODBHI).

ITo pasfeneHUe NPOCTPAHCTBENHO-BPEMEHBHOTO MDA HMe-
€T CBOHM ClIeJICTBHEM, KaK 3To momuepkuya masbepr [108],
orpamfuenue HOOYCTHMBIX npeo0pasoBaHuil  KOOpJUHAT.
WMenuo, B JouycTaMpIXx KOODAMHATHLIX cHCTeMAX TP mep-
Bble KOODAMHATHBIE OCH JOMKHBI ObITH BCerga [POCTPAHCT-
BeHHO-, & 4YeTBepTasd — BCerja BpeMeHHIONOGHOA. ITO BhHI-
HonuseTcsA, eChd, BO-IepBLIX, KBagparmuyunas dopma, moay-
vapmasica u3 ds® npu dz'=0, ABIsSETCH MONOKHTENLHO
onpejenennoli ¢Qopmoil, g1a dero Tpebyerca cobaioneHue
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yexosmit

811 815 8ys
>0, [8y 8 8,3|>0,
831 835 g3

£11 €12

>0, |
gll gZI g22

0 ecid, BO-BTOPBIX,
ga < 0.

9T HepaBeHCTBA He MOLYT ObITh HADYIIeHH AONYCTAMEIM
npeobpasoBarmeM kooppmmar. Tar kak feTepMuBanrt g, co-
CTaBJCHHDIA W3 gin, BCICJICTBHE ITHX HEPABEHCTB BCETNA OT-
punarenes, Hy#HO B TeH30PHBIX (OPMynax, BHIBeJeHHBIX
Al caydas oupenenemnoii gopmer, Bciony saMemuTs Vg ma
V—g*). .

ITo (A) gawma gyrm mupoBoli ampwm MoseT GBITH H MAH-
Moil; aT0 Bcerga OyjieT, HANPAMEp, B ciyuae MHPOBOH NHHUE
MaTepHaIbHOro Teja. YA06HO mO3TOMY BMECTO [AJNHHEI AYTH S
B BTOM CIIy9ae BBECTH COGCT@EHHOE 8peMs T, ONpejielerHOe
paBeHCTBOM

s = ict. (157)

OHo ompegensieT BpeMs, YKa3sIBaeMOe gacaMd, KOTOPHIE J(BA-
JKYTCsl 10 3ToH MmmpoBoit nmaum. [losToMy pana KoopamEat-
HO@l cmCcTeMBI, B KOTOPOi#l B [AHHBIF MOMEHT BDeMEHO dYachl
noxoarcs, dt = dt. BeegeM Taxie BMecTo :

4
U=
BEKTOD
dzt -
ul= ! (108)

*) Mumekosckmii [64] u Kueiin [66] mamarator ma monmycrmmsie To-
weuHEIe OpeofpasoBamEMA eme OXHO OIPaHMYMBAlOMEe YCIOBHE:
dx'*dz* > 0; Torpa saMeEa npomepmero GYTymEM HCKJIO9aeTcd, &
MBI EMeeM JeJ0 C [eiCTBHTeJbBO HenpepsiBEOH rpymmoil. Onmako m3
KOBApHAHTHOCTH OTHOCHUTEJBHO 9TOH y3KOo#l rpynnel ciaegyer yie um-
cTo (opManbEO KOBAPHABTHOCTH OTHOCHTENLHO OEPEeMEeRH Hampasie-
HEA BPEMEHH, ecji TONLKO YDABHEHHA HE COJEp:XaT OYeAb HCKYCCT-
BEHEHX MPPanUMOBAJBbHOCTEH (OTHOCATENHHO STOr0. HOCJAEHEr0 NYBKTa
cM. ri1. V), Kpome T0ro, KOBapmaHTHOCTL BCEX BAaKOHOB OPHUPOXLH OT-
HOCHTENbHO E3MEHEeHHS 3NaKa BDEMEHA [0 COBPeMEHHLIM OpCHCTaBJe-
HuaM nasmgeckn oGocHoBama. 1l03ToMy MBI He HCHOJB3yeM 31eCh
YOOMABYTOIO OrPaHAYeHu,
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JIA KOTODOro MMeeT MecTo COOTHOINeHHe
guu'ut = uut = —c?, (159)

Cpenm reofie3nyecKEX NWEM{T HEYNeBLIe reofle3NIecKde nnd-
Huu, ne:xamue Ha KoHyce (C), HrpaoT HCKIIOYATEABLHYIO
ponp, XoTa JNA HUX BepeH BapwanuoHEHH oDpmEnno (83)
r mufdepennmanpasie ypasueaua (80), smo BapHaAnmOHHSIE
opuanun (81) me mMeer Mecra. B camom meme, BO-IepBHIX,
KOODIHHATEL He MOrYT GHITh BHIpayKeHHl 3jiech B Buje (yHK-
NEi# DINES JyTd BCAeACTBUE PABEACTBA ee HYJIO, a ClefoBa-
tenpno, # B (80) rtaxike gomkeEAa PEUrypmpoBaTh He LIMHA
AYTH, & Kaxod-gubyas Apyroii mapameTp KpuBoH, ompefeineH-
HEIf ¢ TOYHOCTHIO O IOCTOAHHOFO MHOKHTens. Bo-BTOPHIX,
dzt daP
BCIEACTBEG DAaBEHCTBA HYJNIO BHIPAKEHHUSA gngy i KO-
TOpOe mosABNAeTCA B 3HaMenaTene mpu BuiBofme (83) ma (81),
®TOT BHIBOJ He MOskerT OwITh yike mpusemen. Ciuegyer myie-
BHle reofie3nuecKkne JHUREH ONPENENATh TAK: HYJIEBHIE reofe-
3UYyecKUe JUHAM OTAMYAOTCA O APYrEX aUWHdi, Jemamnx
na xomyce (C), TeM, 4T0 AaA HEX CYIECTByeT mapaMerp A,
JIIH KOTOPOTO YAOBIETBOPSIOTCA ypaBHeHds

d?zt T dz" dz® 0

‘d—x'i + rs‘ﬁ F}: =V
a ciefoBaTenbHo, W BapwanuoHHE mpmanmn (83). Has me-
HYJZEBBIX Teofe3WIecKNX JNUHUA 0CTAOTCA BePHHIMA Bce (op-
myas § 15.

Peaynbprarn QepMeiins, Kacawiquecs 3aBHCHMOCTE 00be-
Ma mapa B PMMaHOBOM IPOCTPAHCTBe OT HMHBAPWAHTA KpH-
Bu3an (§ 17), Hexb3s meMoCPeACTBeHRHO MPAMEHHTH B CIY-
gae HEONpeReNeHHOr0 NHHEHHOro 3IAeMEHTA, TAK KAK DOIapy
- 8Jlech COOTBETCTBYeT GECKOHEYHO IPOTAKEHEDI ranepGomons.

B 3aknioueHEe MOKHO YOOMAHYTH, 9T0 O0OBHIIHO B cHeIH-~
aNbHofl TeOpHH OTHOCHUTeNbHOCTH HopMansHas ¢opma aud-
HelHOrO dJeMeHTa ONpefeisercsa Kak QopMa ¢ TpeMs [o-
JAOKUTENbHELIME B OBHUM OTPALATENHHBIM 3HAKOM, B TO Bpe-
Ms KaK B obmefl TEOPUHM OTHOCHTENbHOCTH OHA OIPeNeser-
ca kak fopma ¢ TpeMs OTPHIATeNbAbIMH 3HAKAMA H OJHAM
monosuTensAEIM. Mot 6ydem sceeda ucnosv3osarb TOABKO
nepevui ¢nocol obosnayenul,
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§ 23. Becroneuno mMaavie npeobpazoBaHuA KOOP(IHAT
1 BapUALIIOHHBIC TPHHIIINEL

Ecnn meroropas Beauunua HHBADHABTHA OTHOCUTEIbHO
npeoOpa3oBaHAs KOODAMHAT BOOGINe, TO OHA, KOHEUHO, MH-
BapHaHTHA U OTHOCUTENBHO (ECKOHEWHO Maablx upeobpaso-
Banuii koopmamuar. I[lonp3a paccMoTpeHus mociegHUX OCHO-
BaHA HA TOM, 9TO W3 WABAPHAHTHOCTH BeJIUIMHEI OTHOCI-
TeJNbHO 0eCKOHEYHO MaJBIX NPeoGpasoBamnil MOMKHO BBIBECTI
mudpepeHnuATbHbIC YPABHEHHSA, KOIOPBIM dTA  BeJNTHH:.
TOIKHA YAOBIETBOPATH, Mbl ompefenumM Takoe upeolpasc
Banue KoopauHaT QOpMYyIoH

Fl=gi—eti(z), (160

rge € — GecKOHEYHO MaJjas BeAWyuna, a & MOryT mpoM3BONL-
HeIM 00pasoM 3aBHceTh OT Kooppmuart. Bcee pasmocrn memay
QYyHKIHAMA ¢ depToit 1 Ge3 depTHl PAscKAM B PAJ 0O CTe-
neaaM &. Ilpm sTom Mb1 OymeM nMeTs [eJ0 TONBKO ¢ WIEHA-
MH IIePBOTO MOPAKKA, KOTOPHIE HA3BIBAIOTCHA BAPHAIMAME CO-
orBercTByOIuX ¢yuxnnit. Yrolsl moaydmts Bapuanum Ka-
RUX-HUOYIh TEH30DPOB [pH Iepexofe OT KOOPAMHATHRON ci-
cTeMs! 0e3 uepThl K cHcTeMe ¢ 4eproil, Hy:KHO B obmue ¢op-
MYJI5l npeoﬁpa.?osamm (25) BCTABUTHh BeJUIMHBIL

g} k R
i ozt -p Ox R oL
of =22 = ¢! s o = — = 8] — =, 161
p=gm = ot Pt v T (161)
ozt dz* i
ITocnegane BRIpa;KeHUA caeAYIOT U3 PAaBEHCTBA PP O
X X

n BEpHBI, KOHEYHO, TOJBKO ¢ TOUYHOCTBIO [0 BeJUYIIH
IIepBoro IopAaxa OTHOCUTEJBHO €. OTMeTﬂM erge, qro
NeTEPMUHAHT mpeobpasoBaumii pasen

9 i
=1 % (162)

det =14 aa:, det

Taxum o6pasoM, MBI MOTYyYUM AJs BapHALUH BEKTODPA BhIpa-
MeHNA

sat=e o, 8 S 163
ol =e-=a, 4= —e_5an (163)

& Jada Bapumaniy@ TCH30pa BTODOTO paHra — BBIpay{enns

. og? oeh
Satt = ¢ (aixrarh +_a%a1r);
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da, = e(%aé—%ai); (164)

501h=—6((§l rh+ )

CooTBeTcTByIOOIHE d)op.wynm CUpPAaBEINBE, B YACTHOCTMH,
B fns Bapmanmm gu. OTMeTuM emie, 4ro guaa Jawboit chcTe-
MBI CEMMETDHIHEBIX BeJWunH fy u3 (72) caemyer cOOTHOIIe-
HH®

tabg™ = —t*8gn (165)

_(upmaeM, Kak obbramo, t* = g@g®t,). Ma (73) caenyer
TaK;Ke, 970

6 V:_g- = %‘ V———E gh0gip = — *%— V:—ggikégik'
(73b)
B (163) = (164) peus mper o BapmagnAx
da' = a'(z)— a'(z), ..., 6a™ = g*(¥)— a™(z), ...; (166)
CymecTBeNHO OTAHIHA OT HUX BapHaiusa
8*a' =a'(z)— a'(z),..., 0%a" =a*(z)—a"(z), ... (167)
Ona cBasaga ¢ npefblAyleii cCHMBONMYECKAM COOTHOINEHHEM

§% =6 — e£'9/01", (168)

OTKya HENOCDefCTBENHO MONYYAlOTCA BRIDAKEHNA I
6*a’, 6*%*a, u r. g WUas (164) m (167) mMeeM BamHYDO
dopayny

1 i et 1 08 qur
Tfi'hﬁ*gikdv’c——-sj‘[—s?%"j p ; s§1j| dz,
unu ma ocgosanmm (150a)

-;— j Tho*g, dr =¢ U bim;TE! de — y .S"; (2h) dx];
oz

(169)

PaccMorpmM Temeph BapHandKo HHETErpanaa

sziDi(x)dx,

78. ITayan
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Unmeen
87 = | M@ dz — [ M(z)dr =
4 b'e
. — | 7.1
=§sm( )2 dz-fsm(x)dx,
ox
X X
I TaK Kak
R @) =R (o) + e 58,
dxt
10 Ha ocuosamuu (162)
65%(1:5:56*@(1:6—{—350(?‘:) dz, (170)
Xz

npuaem 8*M = M(z) —M(z). Ecan &' mcuesaor ma rpanmme
obaacTu WHTErpuUpOBAaHUSA, TO BTOPONl WieB B NpaBoil gacTu
(170) mcuesaer, Tar Kak om Ha ocmosammu (139a) Mosxer
ObiTh npeoGpa3oBap B moBepXHOcTHBIE muTerpan. Ecau J —
uneapuanr, 7. e, M — ckaraprHas nNAOTHOCTL, TO 6aApUAYUS
(170) ucuesaer dan arobozo E'. Ycranosmp cmadana ofmiee
Boipaykenne fusa 0M npm npousBOABHON BapuamU; TEH30DOB
nons, m3 KoTopeix obpasosana M, m obpasya sarem no (164)
Bapuanmni OocleBedl chenuanbao pas OecKoHeIno Ma-
JA0T0 W3MEHEWMA CHCTeMbl Kooppmmar, moxydaior um3 (170)
HEKOTOpEIe TokaecTBa., MoiHO B HEKOTOPHIX clydasx upu-
HATB, uro E' Wcuesaer ma rpamMnax o6macTH UHTErpmpoBa-
HHfl, W 3TO yOpomaer BuiumcieHns, PazbacEUM 3T0 Ha clie-
AyOmUX OpEMepaxX, KOTOpHle MOHAXo0ATCA JIA MoCIdefyio-
mux PU3HIECKUX DPRIOKEHHI.

a. OGpasyeM m3 BeKTOopa ¢ ODH MOMOIIY omNepanuu rot
GuBeKTOp

Fik = aqu/ax’ - 6(‘){/613", ‘ (171)
& H3 Hero puBapuHaHT
L = "/F ,F™, (172)

Ecan & — ckanapeag mioTHOCTH, coorBercrByioman L (€=

= LY—g), T0 MO}KHO M3 MHTErpa;bHOT0 MHBADHAHTA

Ssdx
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{OAYSNTE SUPANEHIE, DAATOE AIA UONAEPOMOTOPLX oI

B GMEKTPONNHEMIKo. OrpARWTIMCH NPA STOM TAKWMI BapMa-

qaAMg moNeli W KOOPARAT, KOTOpLIE ACTE3A0T Ma rpAammNe

ofnactu unterpuposamis. Cuurtan poasase G u ga weaani-

COMBIMT DepeNenanMA, 0bpazyem BAPHALNO € YNOMARYTOTD

posa. Tpocrsie struncaennn na ocuovamun (165) aaayr
88 =5"0Fa — ©"6ga,

rie AA KPATKOCTH HOIONeno
1

1 e

S = 7 @ Pl g = Pl g )
Haterpupya o wactay, nomyacy

8§ 8dz = [ (25050 — &"ogn) ds, o
e

8 = oF"/0s", (175)
o

95'/01' = 0. (175a)

Saiimecn Teneps nomysennes (upn oMo Gecronetmo
MazoTo 1MpeofpagomaIIL KOOPANNAT) DapRawnii Spi 1 8gu;
910 octiracten na ocnionamiir (170) ew, wro 5 (174) o
Menaior S¢, u Oga wa 0% m 6%gu, moCKODKY Opi M Ogi
nevesant ma rpamne obmactd. Yara (163) it (188),
nonyuny cnataia

Ay att
AN
n sarew, nmrerpupyn mo wactam, ma ocnovanmn (169) w
(175a) naizon
0= [ (26671 — ©"8%gu) = — 26 [ (Fust + vim, ©)8'dz.

Tax Kok mocneARee BLPAKENTE ROTAKNO NCTEATH [T HPO-
B3BOABHOrO §, TO

Fys = —bin, @
naw, ngave,

Fyg

_(fg -t a") (176)

910 Tompectno Gyaer nemonsaonaio o § 30 u 54,
7
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HAYHHATbCA C OMMCAHHUS METONOB HAa6/OJEeHHMS — HCTHHHBIX MIH
MBICJTHMBIX, NPH MNOMOWIM KOTOPHIX AO/KHBI ObITb YCTAHOBJEHHI
KoopauHaThl. [lono6HOoe orpannueHne cBOOOABI MCCAELOBATEJNS
He MNpeacraBigeTcs OOOCHOBAHHBIM, H O[HA aHAJOTHS, 3aUMCTBO-
BaHHas M3 MexaHuku HpIOTOHA, MOMXeT NMPOSCHUTL STOT BOHPOC.
XOopomo u3BeCTHO, YTO MEXaHHYECKYI0 CHCTeMY B MeXaHuke
Hbl0TOHA 3a4acTyi0 MOMHO ONUCHIBATL C TNOMOMILI0 ypaBHeHHH
Jlarpauxa, 4To npuUBOAMT K GoupluuM mpeumyuiectsam. Ho yxe
B CaMMX 3THX YpaBHEHHSX HCIOAb3YIOTCA OOOOGLIEHHBIE KOOp-
JVHATH, 1A BpOOPAa KOTOPHIX HE JaeTcd HHUKAKOro IpaBuia.
MoxHO naxe yTBepKIATb, YTO LEHHOCTb MeToAa JlarpaHxa
3aKJII04aeTcs Kak pas B OTCYTCTBHM NoJOoOHHX mnpaeusa. Korza
leJO HNOXOAHT N0 NpHUMeHeHWH ypaBHenu#t Jlarpamxka K KOH-
KpeTHOM Gu3nueckolt CUTyanud, HCC/IeA0BATe b, pPa3yMeeTcH,
NPUNACHBAET OOOOLIEHHBIM KOOpIUHATAM (UIHUYECKHH CMBICH,
OJHAKO 3a4acTyi0 OH MOXET ClleJlaTh 5TO MHOTHMH CHocoOaMu.
Takag xe mnpouenypa ucnoabgyercst B oOHiefl TeOpHd OTHOCH-
TebHOCTH: B KaxJAO# paccMarpuBaeMoR ¢u3sHueCKOU cuUTyauuu
Mbl a posteriori NIpUXOAMM K HHTEpIPETalUUH YeTHPEX KOOPIAMHAT
COOBITHS, HE CUHTAast 3Ty MHTEPINPETAHUI0 3apaHee CYLIECTBEHHBIM
3/IeMEHTOM TEOpHH.

Crenyiomum warom sBiasietcs WsoOpakeHHe MM NpejcTaBie-
HHMe BCEX paccMaTpuBaeMblX cOOHTHMH B BHIe TOYEK B, YETHIPEX-
MEDHOM DHMaHOBOM MNDOCTPAHCTBE, KOTOpDOe 00/amaer C/aeAyio-
INMMA IBYMS CBOMCTBAaMH:

a) tensop Pumana — Kpucrodgens ¥ tensop Puuun umeror
HeHyJleBOe 3HauyeHue MO KpaltHe#t Mepe B ONHOH TOUKE NpoO-
CTPaHCTBa; '

6) xorna BOJIHM3M HEKOTOPOro COOLITHA BBEeLEHBI JOKa/lbHble
JIeKapTOBbl KOODIMHATHl, METPHKA NMPUHHMAET BUI

3
1 i
ds?=(dX — 5 ¥ (@X') (4.101)
i=1

JIPYTHMH CJIOBaMM, DHMAHOBO TNPOCTPAHCTBO TAKOBO, UTO OHO
»JIOKA/JBbHO" COBNAAaeT C MPOCTPAHCTBOM-BpeMeHeM MUHKOBCKOTO.
ATo He KMeeT MeCTa MAJA IIPOM3BOJbLHOTO YeTHIPEXMEpPHOro
pHMaHoBa MPOCTPAHCTBA, U MO3TOMY TMPOCTPAHCTBO, IIPUHAMIE-
Kalee MNOJKJAACCY HCNOAB3yeMblX B OOle#l TeopHM OTHOCHTEJNb-
HOCTU, Mbl OyleM Ha3biBaTb PUMAHOBHLM NPOCMPOAHCHLEOM-8pE-
MeHeM TIO aHAJIOTHH C TNPOCTPAHCTBOM-BpeMeéHeM MHHKOBCKOrQ
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CrelHaNbHOA TEODHN OTHOCHTEJBHOCTH. TpeboBanue (a) yTBepk-
A3€eT, YTO PUMAHOBO MPOCTPAHCTBO-BPEMS ABASETCS UCKPUBJIEHHBIM
H ero MEeTPHKAa B KOODAWHATAX (X) HMeeT BMI

ds?=g, (x)dx"dx’. (4.102)

Tenepp p0mxHO ObITL CIEUMANM3HPOBAHO PpACTIpeliesieHne
BEUIECTBA, UCTOPUS KOTOPOro Oblia ,u300pameHa“ TakuM 06pasoM.
B kauecTBe 006uLler0 pPYKOBOASILErO COOGPAKEHHA HCIOJb3YETCS
NPUHYUN KOBAPUAHMHOCMU WNN NDUHUUN IKBUBAACHMHOCMU,
OH YTBEDXKIAeT, YTO He CyLIeCTBYeT NMPUBUIETHPOBAHHBIX KOOP-
LMHATHEIX CHCTEM, TaK YTO HKCCJIefOBATE]b MOKET IPOHU3BOJBLHO
BHIOpaTh JIIO6YI0 TAaKYI0 CHCTEMY, IO CYLUECTBY He MeHAsd HCIOJb-
3yeMbIX MM ypaBHeHu#t. [lis obecreyeHus TOro cjleayeT UCIOMb-
30BaTb TEH30pHl H TeH30DHble YPAaBHEHUA, M HHIKE 3TOT NPUHIKI
O6ynreT NMprMeHEH K OMMCAHWIO pachpeleneHus Bewecrsa; § 3.8
NOACKA3bIBAET, KaK 5TO MOXeT OBITb CHEJ4HO MPH YCAOBHH, YTO
BELECTBO CYUTAETCH MAeaJbHOM MUAKOCTBIO. B Kamno# Touxe-
COOBITMM PHMaHOBAa IPOCTPAHCTBA-BPEMEHH IKHAOKOCTb Oyner

ONMCHIBATHCSE 4-BEKTOPOM CKOPOCTH &%, CKalpHOH NJIOTHOCTBIO P
¥ CKaJIapHBHIM [aB/JeHHEeM p, NpUYeM BCe LIECTb BEJMYUH pac-
CMATPHUBAIOTCR KaK (YHKUMH OT YeThblpeX KOOPAMHAT 3TOr0 COObI-
THA. EclM B NaHHO# TOUKe-COGBHITMM BELlECTBO OTCYTCTBYET,
TO #,, 0 U p PaBHB B 3TOH TOUKE HYNO. 4-BEKTOP CKOPOCTH

ABJIAETCH €RMHUYHBIM BEKTOPOM, K HOSTOMY B Cuy GopMyH (2.213)
YAOBNETBOPHET COOTHOLIIEHHIO

wu, =g, pt'u =1, (4.103)
TOraa KakK TEH30p 3HEeprun XKHUIAKOCTH IO OnpeneJeHulo paBeH
T“*=(9+c£;)u'*u“—g*“{2i. (4.104)

DTOT TEH30p MMeeT Te jKe CBOMCTBA CHMMETPHMHM, YTO H
TeH3op (3.804) cneunajbHOH TEOpPUM OTHOCHTENLHOCTH, & KOBa-
pHAHTHAsT ¥ CMeWAaHHad QOPMbl STOTO TEH30pPa aHAJOTHYHHI
BeipaxenusmM (3.806) u (3.807). TeHsop sHepruu B CHelLHaJbHOR
TEODHH OTHOCHMTE/JbHOCTH YIAOBJETBOPAET UETHIDEM YpaBHe-
HuaM (3.805), KoTOpble YTBEPHAAWOT, UTO BEKTOPHAS NUBEPreHIUs
TeH3opa SHepPruu paBHa Hymo. C/eA0BaTe/bHO, OHM SBJAOTCA
TEH30PHLIMH YDAaBHEHHSAMH ¥ MOTYT ObITh NpHMEHEHBl K JIOGOMY
PHMaHOBY NIPOCTPAHCTBY-BpeMeHH ¢ MeTpukoH (4.102). [Tockoabky,
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OJHAKO, METPHYeCKHE KO3(DPUUHUEHTH YXe He sBJAAIOTCA I0-
CTOAHHBIMM, DABEHCTBO HYJ/IO BEKTODHOH IMBepreHIWH BHIPa-
KaeTcsd Temephb ¢ noMouipio gopmyas (2.407) nocpeacTsoM cOOT-

HOLUEHHUs

o
V—l—_g 6(de§T1 ) +{:‘G}T15=0, (p,: I, 2’ 3’ 4). (4'105)

TlocjiefHHe YeTHIPE YPABHEHUS MOKHO pacCMaTpuBaTh Kak 00606-
wenue ypasHenu#i Heiotona (3.202) u (3.203) na cayuait obuie#t
TEOPUH OTHOCUTENLHOCTH.

PumaHoBO NpPOCTPAaHCTBO-BpEMs, MHCHOJb3yeMOe nJjst pac-
npeleseHus BeleCTBa, HNOJ/KHO ObITb Temepb CBA3aHO ¢ (H3U-
4eCKHMH XapaKTeDHCTHKAMH 3TOro pacnpefeneHns. Mb Oynem
paccMaTpuBaTh TEeH30D 3SHEPIHM pacnpeleseHds BeLlecTBa Kak
KPaTKYI0 CBOAKY 3THX (MBHYECKMX XapaKTePUCTHK. Mbl yxe
OTMETH/H, YTO BEKTOPHasd MMBEPreHUMs STOr0 TEH30pa paBHA
Hymo. Tax xak Hanbo/ee CylIeCTBEHHbIE YepThl PUMAHOBA MPO-
CTPANCTBa-BPEMEHH ONpPENE/SIOTCS er0 METDHUECKHM TEH30pOM,
BO3MOXHAash B3aUMOCBSI3b MeX.AY pacnpelejeHUeM BEUIECTBA U
CBOUCTBAMM TDOCTPAHCTBA MOXET ObITb NONYyYEeHAa IPUPABHU-
BaHMeM TEeH30Pa 3HEPTHM HEKOTOPOMY TEH30pY, KOTOpHH 3aBu-
CHT OT METPHYECKOrO M TaKxe HMEeeT PaBHYIO HYJIO BEKTODHYIO
LIMBEpreHuunio. JTHM CBOMCTBOM 0O/afaer TeH3op O#HIITeHHa,
M MB TIOCTYJHDYEM, 4YTO pUMAHOB0 NPOCMPAHCMBO-8peMS,
Komopoe npedcmasgisem pacnpedesenue 82u,ecmsa ¢ mMen3o-
pom suepzuw T, o6.aadaem mempuweckum mensopom, yoo-
BAeMBOPAIOWUM OCCAMU YPABHEKUAM

— kBT =R — 2 g* (R — 2A), (4.106)

rae xc? — HeKOTOPHIH KO3(PQHUUKEHT NPONOPLHUOHAILHOCTH, MOA-
Jexauui onpeieseHdio B nadbHeHueM !). DT ypaBHeHus u3-

1) KocMmonoruueckass mocrosmHas A Oblia BBejeHa DHHIITeHHOM
1JI5 MOJAYYEHHA CTaTHYECKOrO PelIeHHs B H3OTPONHOH Mojean Mupa. OT-
KpPEITHE ,KDAaCHOTO CMEIIEHHA“ B CMEKTPaxX TaJaKTHK, CBUAETENbCTBYIO-
Hlee O PaCIIHpPEHHH M3BeCTHOH HaM 06JacTH BCEJEHHOH, NO3BOJSET IO-
noxuth A =0. 3Hauenue A =+ 0 wuckaUaeT METPHKY MHHKOBCKOTO
(raauneeBy METPHKY) M3 WYHCJA pelieHuil ypaBHeHuHH TATOTEHH§ IS

nycroro nmpoctpanctBa (TP =0), 4To sBASeTCH QHIHUECKH HeyIOBJIeT-
BODHTEJAbHBIM. — [Tpuns. peod.
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BeCTHb TIOJ HAa3BaHWeM ypasuenuli JDliHwmelna, ONycKas
HMHIEKChI, MBI MOXEM 3a0HCaTb 3TH YDABHEHHUS B SKBHBAJEHTHHIX
BHIAX

—2?Ty = R — 4 3 (RS —24) | (4.107)

— T, =R, — 5 £, (RI—24),  (4.108)
B cuny (2.703), nmeem
1 02V —gT") o S o
P o o) o
=—{R"— 5 g (RI—24)} =

y A

a 1 s
=— g {Ri— g h(R—24)} =0, (4.109)

OTKYyZNa BHUIHO, yTO ypaBHeHud (4.106) — (4.108) aBTOMaTuyecku
VIOBMCTBOPSAIOT YeThipeM ypaBHenusM (4.109).

B HekOoTOpO#l TOYKe-COOBITHH, MJIM B COBOKYMHOCTH TOYEK-
cOOHITUH, TIe TEH30p 3HEepPrH¥ paBeH HYII0, ypaBHeHus ORH-
wredHa NpuHUMalOT Oojee NMPOCTOR BHA

R — 5 8(R3—24) = 0.

CsepTrisas, noaydaeM R;==4A, n ypasHeHns DHHIUTeHHA MOryT
6bITh HAMMCaHBH B ONHOH M3 caepyowux Gopm:

R®=Ag", RV=A¥, R,=Ag,. (4.110)

HakoHell, ecJAH KOCMOJOTHYECKas IOCTOsSIHHAs pAaBHA HYJIO, TO
(4.110) npuHnmMaeT BUA

R®=0, R!'=0, Ru=0. (4.111)

§ 4.2. dusnveckuil CMbICA MOCTOAHHOH %

B § 3.8 M NOKa3amM, YTO MCTOPHIO paClpelefieHus Belle-
CTBa MOXHO TIPEICTAaBHTb B NPOCTPAHCTBe-BpeMeHH MHHKOBCKOrO,
337aB 4-BeKTOp CKOPOCTH, ILIOTHOCTb H JaB/ieHHe W MOTpe6OoBaB
3aTeM, 4TOOL TEH30D SHEPrHH paclpeleleHHs BelilecTBa Y.1O-
BaeTBOpAA ypaBHenHaM (3.805). YpasHenus D#nmrtetina, olHaKo,
conepxar B cebe HeyTO O6o0JbllUee, IOCKOJbKY OHH CBS3HIBAIOT
TEH30p SHePruM C METPHUECKHM TEH3ODOM NpOCTPaHCTBa-Bpe-
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MeHU. [103TOMY MOXHO IIOCTaBHTb BOMPOC, YTO IPOW3OHIET,
ec/d 3TH ypaBHeHHMs NDUMEHHTb K NPOCTPAHCTBY-BpeMeHH MuH-
KOBCKOTO? Tak KaK MPOCTPAHCTBO-BpPeMs MHHKOBCKOI'O IJIOCKOe,

TeH30phl RY == R;=0 n ypasHeHust (4.106) npuHUMAIOT BUN
— 2T = Agh. (4.201)

Metpuuecku#t Tensop Jnaercs copmyaod (3.701), a TeHnsop
sHepruui — (4.104). Bcrmomuuas, uTO [Imn HCOONB3YIOTCH A8
UHMKJIHYECKOH INOACTAHOBKM HHIEKCOB, W NpeHebperas ycroBueM
CYMMHDPOBaHHus, TNOJY4aeM CJeAYIOLHe BHpa)XeHHs L9 [ecaru
ypaBHenu#t (4.201):

—x2TH — — 2 {(p 4+ {2—) (wh — & }» —A, (4.202)
S — uc2{(p+—§) ulu4}= 0, (4.203)
T = 2 { (p+ CL;) (uh? 4+ p} — 2\, (4.204)
T — ~/.c2{(p+-f7) ula™ } =0, (4.205)

K KOTOpBIM cieayeT n06aBuTh ypasHenue (4.103), a umenHo

3
(a4)2—% V' @e=1. (4.206)
i=1
Ypasrenus (4.203), (4.205) u (4.206) nokasLiBalOT, YTO

ul =0, ut=— 1,

TAaK YTO paclpejesieHHe BellecTBA HAXOIUTCH B IIOKOE OTHOCH-
TeJBbHO JaHHO# MHepuuanbHOM cHcTeMbl. YpaBHeHus (4.202) u
(4.204), uem Obi He SIBJIANIACH NMOCTOSIHHAA %, AAIOT

A A

pP=—"gz P=—-
Takum 00pasoM, TNJIOTHOCTb M JaBJeHHEe MOCTOSHHB U 06s3a-
TeJbHO MMEIOT NPOTHBONOJIOXKHBE 3HAKH, 3a HUCKMIOUYEHHEM CJy-
yag A=0, korsa oHm pasub Hymw. Takum 06pasoM 3Tu
pe3yJbTaThl ABASIOTCA MO0 (u3HueCKH HelpreMAeMBIMU, aHOO
TpUBUAJAbHBIMU, OTCIOAA BHITEKAaeT, YTO ypaBHeHH DRHIITeHHa,
IIpUMeHeHHble K NPOCTPAHCTBY-BpeMeHH MHHKOBCKOTO, He HAiOT
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OCMBIC/IEHHBIX pe3yJbTaTOB, H 4TO (PU3HUecKas MHTepIpeTauns
NOCTOSHHOM x TAaKHM IyTeM He MOXET OHTb NoJyueHa.

Vlnas curyaund BOSHMKAeT, KOTIa ypasHeHHs JDHHmTelHa
NPUMEHSAIOTCA K PUMAHOBY NDOCTPAHCTBY-BDEMEHM, METpUUYecKuh
TEH30p KOTOPOro MaJ0 OTAMYAETCH OT MEeTPUUeCKOr0 TeH30opa
NPOCTPAHCTBa-BpeMenn MunxoBCKOro. PaccMoTpeHue XOCMOA0-
THYECKOH! TOCTOSHHOM MBI OTJOWMM 10 ra. VI u 6ylem mnoka
CUATaTh, YTO KOCMOJOTHYeCKas NMOCTOSHHAA NpeHeOPEKUMO Maja.
[TpuMeM Takxe, 4YTO MeTpPHKAa COBIAJaeT C MeTPHKOH oproro-
HaJIbHOTO, CTAaTHYECKOTO W H3O0TPOIHOIO INPOCTPAHCTBA-BpEeMEHH

3
ds? =gy (A5 + 3 g;; (dx'P,
rae
gu=1-t¢f, |

g =— s (1-eh), |

npuueM &— Manasg [OCTOAHHAA, KBAAPATOM H 60Jee BEICOKUMH
CTENMEHAMU KOTOPOH MOKHO npedebpeub, a f u 2 — PyHKuUN
TOJALKO TpeX IPOCTPAHCTBEHHBIX KOOpAMHAT. Kax M B Ciayudae
NpOCTPAHCTBA-BpeMeHd MUHKOBCKOrO, Mbl GyneM Npeanosararh
yTo § ¥ x* umeoT pasmepnocth Bpemenu, a x!, x%, x3— pas-
MepHOCTh AJuHEl. [lo3ToMy ef u eh siBasiorca 6e3pasMepHbIMH
spenudnHamu. B cuay (4.207),

(4.207)

1
g=——(1+43en)(1+=<f),
U, CJe10OBATENbHO,
oM —1—cf, gll=— c2(1—zh),
° , & } (4.208)
g =0, (A#p).

TTostoMy Tenaop sHeprud (4.104) uMeer cieiyioulve COCTaBJSIO-
ine:

= (pt- &) @ — H (1),
T — (p + %) alt, (4.209)
T4 =(p-+ &) WP +p L —eh,

T = (p - —fz—) utu™,
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Briuncienne Tensopa IO#HIuTeHHA 178 9TOr0 YaCTHOrO CJjy4as
Npolle BCEro INPOBECTH, €CAH HCXOILUTb M3 -TeH3opa Pumana —
Kpucropdeas (2.504). Tlockonabky B cumBoJant Kpucroddens
BXOAAT TOJIbKO 4YacTHbie MNPOUSBOAHBIE OT £, CuMBOIb Kpn-
croddens 6ynyT nopsaka e; C/IeLOBaTEJbHO, nponssene}ma CUM-
Bo0B Kpucroddens 6yayr umeTb NOPSAOK &2 ¥ HUMH MOXHO
npene6peun. Takum o6pasom (2.504) cBoxurca K

1 ( Ongx 02g).|x 02g).v ozgpux

5 _ ) (4.210)

R . ==
*hppy Ox* dxt 0x® dx* ox* 0x* dax® ox*

KomMnoHenTs 3TOro TeH30pa Takke HMEIOT MOpPANOK &. Tensop
Pruyun pasen

Rlp, = g’xRx)‘p,v = R4>\p.4 —c? (Rl)\p.l + R2)np.2 + R3)‘p.3)’ (421 1)

TAK KaK YjleHbH NOpsAAKa € B gt¥ B BuipaxeHuu (4.208) Oyayr
IaBaTh YJeHH TNopsAnKa e B Ry,. Hcnomssysa (4.207), (4.210)
n (4.211) u nonaras

Ve o o 4.212
T o(0x1)? + (0x%)? + (0x%)2’ (4.212)
MBl TIOJIyYaeM, 4TO
R44 =——leC2V2f, Rl4=0’
1 02 (f+h)
Rll_? { (0x 1)2 + Qh}
1, 920+h
Rin= 2 oaxloxm

[TonHuMas OMH HWKHUH MHIEKC, MMeeM
Ri=g"Ru= —%ec2V2f,
L__Up 2 ___c_Qa_ 02 (f+ h) Vzh}
Ri=g Ry=—cRy= 5 {_(0x1)2 -+ ,

H, CJeN0BaTEJbHO,

3
R} =R+ X Ri=—ec’V’(f +2h). (4.213)
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[TonnuMas 002 HUXKHUX MHIEKCA, MOAYYUM

R44 _——..——;— Eszzf, RM:O:

1 02 h
ode(B0 )|
le:_l ec4w,

2 ox! oxm )

TTostoMy, ucnoabsys (4.106), (4.209), (4.213) u (4.214), noay-
yaeM CJeIyOUMe YpaBHeHus DHHmTedHa ¢ A ==0:

—u? {(p+§)‘(u4)2 — 20— ef)} — ec?V%, (4.215)
g (p + %) dlut =0, (4.216)

— el (o5 )@ p(—en)} =

1 (0U+h) o
= { oV (f+h)}, (4.217)
e (ot PN gty ) e L gt 2GR

xc l<p-q_cz)uu }_Qac e, (4218)

rie B cuay (4.103) u (4.207) 4-BeKTOp CKOPOCTH YIOBJETBO-
psAeT YCIOBHIO

:
(ef) @p— LR N wp =1, (4.219)
i=1

YpaBHeHus (4.126) u (4.219) nokaswiBaioT, 4TO
d=03G=1, 2, 3), u4:1_%ef,

T4K YTO pacnpeiesieHUe BellleCTBA HAXOIUTCA B MOKOE OTHOCH-
TeJbHO HCMOJb3yeMOM KOOpIMHATHOR cucremel. [losTomy, co-
riacHo (4.218), '
2
oUER (4.220)
oxt gxm
¥ TpH ypaBHeHus (4.217) npuobpeTaroT BUlL

xe?p(] — ) = L et [ TH)  pe
2c2p (1 — eh) 2€c4{ o V(f+h)}. (4.221)
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Ha sToM sTane nosiBAsieTcs THIHYHOE YCJIOBMe, KoTopoe OyneT
BECbMa BAXKHBIM BIOCJAeACTBHHM. Heo6xoauMoe ycioBHe COBMeCT-
HOCTHM Tpex ypasHenu#t (4.221) umeer BuI

(f+h) 02 (f+h) __ O*(f+h) (4.222)

(0x2 T (9x22 (9% ’ :

YTO SBJSIETCS OrpaHHYEeHMEM BO3MOXHOro BbiGopa yHKuUME f
U h, puktyeMbiM airebpamuecko#t ¢opMol TeH3opa SHepruu
B KomOuHauuu ¢ anpuopHuIM BhiGopoM dopmel (4.207) nas
METPHYECKOro TeH3opa. DBosHukaomue TakuM o6pa3oM ypaBHe-
HHA Mbl OyHeM Ha3blBaTb YCAOBUAMU COBMECMHOCMU; OHU He
ABJIAIOTCS TEH30DHBLIMH YDaBHEHMSMH, HO HI'DAOT (YHAAMEHTalb-
HYI0O DOJIb B NPUJIOKEHUSX ypaBHenu#l DfHiurtelina. Ypasnenus
(4.220) u (4.222), 04eBHAHO, YIOBJIETBOPSAKTCA NPH

f=—n,

M OCTamluMecs YypapHeHus OJI#umrefina, cornacHo (4.215) wu
(4.221), umewT BUL

—xp (1 —}-eh) = &V, - (4.223)
wp (1 — eh) = 0. (4.224)

[Tocseanee M3 3THX ypaBHeHWH TMOKA3LIBAET, UTO [ABJEHUE PABHO
HYJI0 B Mpelenax NPHHATOW HaMu cremenu TouHoctd. Temepb
Mbl NPEANOJOXHM, BO-NEepPBHX, YTO B 0oO0le# TeOpuH OTHOCH-
TeNbHOCTH JOJIKHB (UIYPHPOBaTb, NOMHMO A, 1Be MHPOBHIX
MOCTOAHHBIX % U ¢; ¥, BO-BTOPHIX, 4YTO OOIAA TeOpus OTHOCH-
TEABHOCTH JOJDKEA CBOIMWTHCH K HHIOTOHOBCKOH TEOPHH TALOTE-
HHA, KOrha ¢ OTOXAeCTBAseTCs C ¢F. IlepBOe TpeArnookenne
YIOBAETBODPSAETCA, eCa¥ TNOJONuTh &= 1/c%, uTO Haxomurcs
B CONJIaCMH C MPEANOJIOXEHHEM O MaJOCTH 3TOH MOCTOSHHOMH.
BTopoe npennosoxenne COBMECTAMO € HAJMHYHEM MHOMwTeNd 1/c?
B TOCTOSHHOM % M C TIPEHIOJIONKCHHEM, 4YTO p, p, f ¥ A He
CONepXaT MHOmHUTeseH mopsinka ¢, Toraa HbIOTOHOBCKUM HpH-
6mmxenreM k (4.223) caymur

— lim (x¢%p) =V
c>F

— ypaBHeHHe, KOTODPOE TOXAECTBEHHO ypaBHenuio Ilyaccona
— 4nGp=V%, ecmn h=2V, u :

v T 18641077 ca- 2 (4.225)
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nocjenHee PaBeHCTBO ompenetseT x. Ecau smecto V ucnob-
ayerca noreHunan ¢ =V/4rG, 10 MB HMeeM

eh=—cef = 8:'26 $ =1,

MeTpuka NpPOCTPAHCTBA-BPEMEHM CTATHYECKOrO paclpeieleHus
BElIeCTBA, HBIOTOHOBCKMH INOTEHUMAJN TATOTEHUH KOTOPOrO eCThb
4mGY (x1, x2, x3), umeer, B cuay (4.207), Bun

ds? = (1 — ) (dx? — 1—40“7"‘?_ (dx1)e+
- (@dxD? 4 (dxPR), (4.226)

MpY YCJOBUMM, YTO OblIM ONMyLIEHH! KBaApaThl M GOJee BHICOKHE
creneny 1/¢? mpu pacKpHITHM ypaBHeHuB DHHmITEHHA.

§ 4.3. llpunuun reone3nyecKHx JUHHIH

B § 3.7 6nin0 ykasaHo, 4TO BpeMANOAOOHAas reojeanueckas
JIMHUS MPOCTPAHCTBA-BpeMeHH MHUHKOBCKOTO MpPelNCTaBAseT HCTO-
PUIO ABMXKEHMS YaCTHLBI, NOJYMHSIOWEHCS NepBOMY 3aKOHY IBH-
weHus HbplotoHa. bBosee Toro, B § 3.3 6bIO0 NOKa3aHO, YTO
IBIDKEHHE 4YacTHIlE! B ONHODOJHOM TOJie TArOTeHHsA oO6Janaer
BCEMU CBOYWCTBAaMHM [IBHXEHHUS, NOIYHUHAIOUIErOCs NEPBOMY 3aKOHY
HbioTOHA, 332 MCK/IUYEHHEM TOTO, YTO IBIXKEHUe fABJAACTCH YCKO-
peHHBIM. [103TOMY MBI MOXEM IIPeANOJOXKUTh, YTO reolesdyecKue
JUHUH DUMA2HOBA IPOCTPAHCTBA-BPEMEHH NPENCTaBJAIOT UCTOPHIO
JBWOKEHHA YaCTHUBI, MOIBEP:KeHHOH TDABUTALMOHHOMY YCKOpe-
HUIO, — IPEINOJNOKEHHEe, KOTOPOe MOXeT OBITb IOATBEDXKASHO
UCCIeIOBaHMEM Te0Je3HYeCKHX ~ JIHHHE INPOCTPaHCTBa-BpeMeHH
(4.226). Tax Kaxk MeTPHKA OPTOrOHa/JbHA, NMPUMEHHUMHl ypaBHE-
uusa (2.807), u ypaBHeHWS reOne3HYECKON JIMHMM HMEIOT BHI

%{(1-@)%:0, (4.301)
d dxt %2 0Y | /dxt\2
L[ gy X M Oy jaxt
ds {(1 ) ds } 2 oxi (ds) -+

+i2(‘{d_’;’)zl=o (=1, 2, 3). (4.302)
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Ilepsoe ypaBHeHHe MoOXeT ObITh NPOUHTErPUPOBAHO Y JAAET
d 4
szg‘ =B (1 +x}), (4.303)

rie (—nmocrosHHas wHHTerpupopauud. HO TepBHE uHTerpan
(2.808) B Hamem cayuyae HMeeT BHI

3

(1__14.)(%)2 1+x Z(dx/) 1

H, CI€AOBATENbHO,

%Ei(dx’) = — (1),

Taxkum oOpasom, ypaBHeHue (4.302) MoxeT ObITb 3aNHCAHO
B BHIE

._d_{(l_*_xq))ifi_}_ ¢ {2@2_1_]\_.,_ (1_%_2@2)] =0.
ds ds 2 axt ?
(4.304)

HbioTOHOBCKOE NpuOANMXeHHe IoJay4YaeTcd PH OTOXAECTBJIEHHH ¢
¢ &, 1aKk uro B cuny (4.226)

s=xt=T, (4.305)

U B 3TOM cayuae (x!, x?, x%) npespauwiaiorcd B NpAMOYTOJbHbLIE
koopanHaTh (X, X, X;) HbIOTOHOBCKOM MHEDPUUAJILHON CHCTEMBI.
Bonee Ttoro, »—»8xG/dF?2—>0, 2c?==8xG, u B cuny (4.303)
u (4.305) B— 1. ITosTomy ypaBHeHHﬂ (4.304) npuobpeTaioT BUL

22X, 9 .
L= anG ‘P 0}, (=1, 2, 3),

YTO INpencTaBiseT co60o# CHCTEMY HLIOTOMOBCKHMX ypasHenu#
IBWKEHWS YacTWLH B [0Je TATOTeHMA C NoTeHuuanoM V, mpu-
yeM COGCTBEHHBIMH TPABMTALMOHHBIMM 3(pexTaMu YacTHUB Npe-
Hebperaercs.

ATOT pesyabTaT NMOJCKA3bIBAET CJAEAYIOWMH MOCTYJAT: B JII0-
GoM pHMaHOBOM NPOCTPaHCTBe-BpeMeHH ¢ MeTpukoh (4.102),
TIPEJCTaBAAIOILEM DACTIPENe/IEHHe  BellecTBa, BpeMAnoA00Has
reonesnyecKas JUHHWA NIPEACTABAAET WUCTOPHUIQ JBHKEHUA YACTHILLI
(c npeHe6peKHMO MaJBIM COGCTBEHHBIM TATOTEHHEM) B I'DABHTa-
LIMOHHOM T10/Ie STOTO paclpeieeHus BeutecTsa. [T09TOMYy ypaBHe-
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HHS TeONe3NYeCKOM JMHWM, 3aNMucaHHble B PHMaHOBEIX KOOD.IH-
Hatax § 2.6, KoTopble JOKaJbHO IPHMEHHMB BGM3H JOOOH
TOYKH-COOBITHS, NPUHUMAIOT BHUJI

d2yu

Tdst
IBHKEHHE YacTHUB JIOKAJAbHO COBNajaeT C JBMKEHHEM YaACTHILHL,
nonuuHAOleics NepBOMy 3akoHy IHbloTOHa, ¥ TNPUMEHHMHI
peayabraTel § 3.7, OTHOCALMECS TOMbKO K BpPEMSNOLOGHBIM
reofe3nYecKuM JHHHAM. Bbipaxasch (pU3MUecKH, MOKHO CKasaTb,
YTO 3TH JOKaJbHble PUMAHOBH KOOPAMHATH 00pa3ylT CHCTEMY,
KOTOpass cBOGOAHO TajaeT B NOJE TATOTEHHUs 3aAaHHOTO pacmpe-
nefeHHsl BeulecTBa BGMSH PacCMAaTPUBAEMOM TOUKHM-COGHITHS.
IOna ofwelt koopauHaTHOM cHCTeMBl (X), B KOTOpOH MeTpuka
pUMaHOBa NpOCTpaHCTBa-BpeMeHH uMeeT dopmy (4.102), Mu
onmpeneluM 4-BeKTOP CKODOCTH YACTHHB MO aHAJOTHH CO CJAy=-
yaeM IpPOCTPaHCcTBa-BpeMeHu MuHKOBCKOro kak B § 3.7. Eciu
dxcfds (s=1, 2, 3, 4) — KOMNOHEHTH €IMHUYHOTO TaHTeH-
LMaJbHOTO BEKTOPAa TleONe3N4ecKOH JIMHUM, MNpeiCTaBAl0LIeR
IBMKEHHE YacTHLB, TO 4-BEKTOP CKOPOCTH YAaCTHIEl HMEET BUIL

dxs '
Vo= d’; (=1, 2, 3, 4), (4.306)

U 3TOT BEKTOp, 6y11y‘-{H €JUHHYHBIM, MOJMXKEH YAOBJIETBOPATH,
B cuay (2.213), cOOTHOUEHUIO

gV =1 (4.307)

Hicropuio aBmeHus CBETOBOTO Jy4a MBI NPeICTABHM HyTeBOR
reoJe3nyeckoll /iMHHel DHMaHOBa NPOCTPAHCTBA-BpeMeHH. ITO
oyeBuAHOE 0600leHHe COOTBETCTBYIOLLETO pe3dy/bTaTa AAs Npo-
CTpaHCTBa-BpeMeHH MUHKOBCKOrO, eca¥ IpPeAnOJOKUTh, UTO
pesyibTatel § 3.7 cnpaBeinMBH B DHUMaHOBBHIX KOOpIHHATAX.
[IpencraBnenve HMCTOPHH JBMXKEHHS MaJbX MPOOGHEIX YacTHIL H
CBETOBBLIX Jyde#f COOTBETCTBEHHO C HOMOLUBIO BPeMANONOOHBIX
U HYJEBBIX TeolesHvYecKHX JHUHMH NpeiacTasiser cobolt npunyun
2e00e3utecux AUHUL.

Cor/lacHO CKa3aHHOMY Bhillle, MPMHLMI ['e0Ae3HYECKUX JHHHR
NpeAno/IaraeT, 4YTo pacnpefelieHde BeUIeCTBA [3aeTcd TEH30POM
3HEPruHM, COOTBETCTBYIOLEE PHMAHOBO IPOCTPAHCTBO-BpEMA ONpe-
lensieTcss NPH MOMOIUM YypaBHewus OJUHIUTeHHAa M cama 4YacTHUa
HUYEro He BHOCHT B paclpelieieHde, NMOJ BO3AeHCTBHEM TATOTE-
HHUSL KOTODOro oHa jBWxeTcd. ONHAKO CaMy Maaylo dYacTuuy

=0 (o=1,2, 3, 4);
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Tarum obpasom, 3apad, codepicawjuiica 6 onpedeseHHOM
aneMenTe o0vema marepul, ectv uneapuanr. Tor ¢axrr, 910
noaHbli 3apAx 9acTHOL He W3MeHAETCA OPH ee JBUIKEHHI,
caefiyer, KoHeuno, npamo m3 (A) H MOMKeT CUHNTAThCA Ha-
OeKHO YCTAHOBJECHHLIM SMIMPUYECKH, TAK KAK B OPOTHBHOM
clydae dJIeKTpHYecKasa HeATPaJpHOCTH aroMa Hapymanack
6B OT OAHOTO U3MEHEHHA ABUJKeHUA ero sjaekTpoHoB. Coor-
Homrennme (200b) osmagaer, kpoMe TOro, 4ro sapax mxw6oro
ayJeMeHTa 00beMa OCTaeTcs HHBAPHAHTHEIM.

Sommepgennn [129, 65], manporus, mcxoma usz (200a),
cleflylomuM 00pasoM [OKa3bIBAeT BEKTOPHBIA Xapakrep s
YerripexMepHHil 00bem

avdz* (2% =ict),

ofpasyemniii mpocTpaHCTBeHHEIM o0Bhemom dV 3a Bpemsa df,
aBaferca masapuanTtoM. To ske orHocuTed, ¢ yderoMm (200a),
K OPOU3BEHEeHUIO

ipdV.

Tar sxe muBapuanTHoe oTHomeHHme ip/dz! 3TuX Beawvun
mocle YMHOMEHHs Ha KOMIOHeHTH Bexropa dz', dz?, dit,
dz* pmaer cucreMy ompefeieHHEIX ypasHeEueM (198) meawu-
qmA s, oGpasynmux, TakaM o6pa3oM, Tax:Ke IeTHIPEXBEKTOD.

C momompio Bexropa u', menoxnays (190) m (190a), Mosk-
HO OpPANATH §' IpPOCTON BHJ

s = (1/¢) pots'. (201)
VpaBEeHme HENPEPHIBHOCTE OPHEHMAET Torfa QopMmy
8 (pou') /02" = 0. (197a)

O 1oKa3zaTeqLCTBe BEKTOPHOTO Xapakrepa s' Ha ocHOBe
ypaBrennii Makcsenna cM. caegyomuil naparpad; o6 mc-
TonkoBaHHHN 3akoHA coxpaHenus (197) B Teopmm Beiina cum.
ri. V, § 65, 6.

§ 28. KorapnaHTHOCTH OCHOBHBIX YypaBHEHHi
BIeKTPOHHGH Teopun

Eme B § 1 Obuto oTME9eRO, 94TO HEKOBAPHAHTHOCTL ypasB-
pernit JlopeHua mus 2JeKTPOMArBEHTHOrO IOJA OTHOCHTEIBHO
npeobpasosannii [anmnes sABnmace ogHEM H3 [IABHBEIX IO-
GysaeHuil UIA cO3JAHHs TeOPHH OTHOCHTejbHOCTH. B cBoeit
paGore 1904 r. [13] Jlopemy Gun ogens 6au3ok x TOMY,
9T06E YCTAHOBUTH KOBAPUAHTHOCTH HTHX YDABHEHHI OTHO-
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cuTEeJbHO TPYNNEl NPeo0pa3oBanuii TeOPHH OTHOCHTENLHOCTH.
ITonEOCTBIO BTO JOKA3aTENBCTBO GBIIO AAHO, HE3ABUCHMO JPYT
or apyra, Ilyanxape [14] m Ditmwrefinom [15]. Yernipex-
MepHas (GOPMyIHPOBKA Bompoca mpunafie;kutT MIHROBCKO-
my (Mumroscknii I, cm. [64]), woropwiii BnepBre BBear mo-
HaTHEe OWBEKTOpA.

Il Toro 4roGel mpefcTaBdTh YPABHEHHS IONA B UeThH-
pexMepHOIl HHBApPHAHTHOH ¢opmMe, PAcCMOTPUM cHA9alZa Te
U3 HOX, KOTOpHle He COflep:KaT IJAOTHOCTH 3apAfa, T. e.
ypasaerna (cM. [130])

rotE+ I =0; divH=0. (B)
ITonaras

(Fay, Fag, Fiz)=1E: (Fo3, Fa1, Fi2)=H (202)
O COOTBETCTBEHHO B feiicrBmrenbHoil cmereMe (Fi, = —Fy),

MOKHO 3anzcars (B) rak:
oF, OF, N OF,

ozt ozh 9zt
[em. (140b)].

Wz umsapumanrHOCTH BHIpaskenusa (203) orHocHTEnLHO
npeoGpasoBanusa JlopeHua ciaegyer manee, 4To CHCTEMAa BeJjH-
wun F;, obpasyer Guserrop. Ocrapoupiiica BHagame B Qopmy-
Jax mpeoGpa3oBaHUSA HEONPEJeJeHHBI MHOMKUTENb MOMET
OBITH MCKIIOWEH MHOTOKPATHO YIOMHUABHIMMCHA BHIINE CIOCO-
G6om. Ecam Bmecro F;, BBecTH ompepenAeMblii coriaacHo (94)
AyanbHBIl TeHsop F**

(F*41, Fre2) pri3) = _H; 7

(F*2, F*31 F*12)= —E, (202a)
10 cmcreMa ypasHeHmil (203) MoskeT OBITH 3ammcaHa B BH[E
[em. (142) m (141b)]

OF*/9zk =0 (div F* = 0). (203a)

=0 (rotF = 0) (203)

Kax nssecrmo, B 00BIKHOBeHHOM mpoctpancree E ects
monapusii, a H — akcnanbHbI BeKkTOp, HO He HaoGopor. Ma
HOJKHEI IO3TOMY CUYHTATh ONHCAHIE 3JeKTPOMATHHTHOIO IO-
aa ¢ momom(bio TeHzopa (202) ecrecTBeHHBIM, a OIHCaHNeE
mosg ¢ moMomblo TeHsopa (202a)— mexkycerseHHBIM. ¥ Mun-
Kosckoro (Mumrosckuit I, cM. [64]) mpusegensr ofa Hamm-
caHyg ypasHenuit noxa. Ilepsoe M3 HuX, BO MHOTAX CIydadx,

8 B, INayau
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B WACTHOCTH B OOIMeHl Teopum OTHOCHTENbHOCTH, (oiee Ha-
rAsAgHOe u yAobGHOe, OKAa3alloch BHOOCIHEACTBHH 3a0BHITHIM W,
HagpuMep, He HcHodb3yercs 3ommepdeapmoMm [65]. Bmep-
Bhle Ha Hero BHOBbL ofpaTun pEMManue Oimmreiin [131]
B 1916 r.

W3 temsoproro xapaxrtepa Fy ciemylor ¢opMyasr mpeos-
Pa30BaHHA HAUPAMKEHHOCTEH moneil mpu mepexofe K ABHKY-
meiica cuereme orcuera. CxopocTs v, ¢urypupyomas B ope-
oOpasoBamuax Jlopemma, Mosker OBITH 37ech NPOU3BOJLHLIM
06pa3oM OpMEHTHPOBAHA OTHOCHTENBHO OCH X KOODAHHATHOM
cucremsl. IIpm aToM

(204)

Taxmm ofpasom, pasmenenue mojia Ha 3IeKTPUYECKOe W MAT-
BHTHOE MMeeT JUIIb OTHOCHTENbHBIN Xapaxrep. Eciam, Ha-
npumep, B cucTeMe K mMeeTcs TOMBKO BIKTpHYECKOe MO,
To B cucreme K', mBmkymeiica otHocutensno K, ecTs Tamsme
M MarHETHOe HoJe. JTO 3aMeYaHM® YCTDPAHAET HM3BECTHYIO
TPYHHOCTH, BO3EWKABOIYI0 IPU OOBACHEHUN SBIEHUS MHIYK-
Uun, ¢ OAHOH CTODOHEI, HPH HOMOIIE [BM;KEHWS MATHUTA,
a ¢ Jpyro#t cTOPOHE, IPH IOMOINW JBHKEHHA IIPOBOJHHKA,
B KOTOPOM HH[[yOUPYeTCA TOK.

OneKTpOMarHHTHBe HOTeHNWanbt Teopm:m Jlopemma: cka-
NAPEHIA @ ¥ BeKTOPHBIH A, TaKiKe HMEIOT HPOCTO® YOTHIpex-
MepHOEe HceToaKOBamue. Kax smepsile 6wlmo oTMeuemo Mum-
KosckuM (cm. [64], Murkosckuit 1), orm MOTyT G6HITH coemu-
HCHBl B OJMH BEKTOD YeTHIPEXMEPHOr0 MUpa — YeThIpexMep-
HBI IOTeHIna:

(91, 92, @3)=A, qs=io. (205)

Bripaskenus pgnsa manpsasxensocTd mous [132]

1 0A

H ==I‘OtA; E= —gradq;_T_éT

npuanMaoT npu stom BuE (cM. (140a))
t?(p;,t 6q>i

Fn=—5—7% (F = rot ). (206)
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YerslpexMepHBIi ToTeHquaa mnpeacrasiser cobofl Bemo-
MOraTeJbHYI0 BEJNHYUHY, OKa3bIBAIOIIYIOCA 9acTo IMOJe3HOH,
go He HMeomylo p treopun Jloperuna murakoro QusmIeckoro
cmbicia.  Ilepsas cmcrema ypasHeHUidl moasA — cucTeMa
(203) — aBaserca cnencreueM ypasuenuil (206) u, raoGopor,
ecnn umeer mecro (203), To BeKTOpHoe molle ¢; BCErga MO-
yeT OBITH OIpejleJeHo TaK, 4ToGbl Y/OBIETBOPAJINCH ypaBHe-
pua (206). Otum TpeGosanuem ¢ me ompefelsercsd, OHAKO,
of(HO3HAYHO; Gojiee Toro, ecad ¢; ecTh pellenne ypPaBHEHMIT
(206) npm saganHOM F,, TO 9T ypaBHEHWS YAOBJIETBOPAIOT-
ca TalsKe BeawdmdaMm @+ 0y/0x,, THe Y — IPOM3BOILHAA
CcKaJIApHAaA (YHKIHUA OPOCTPAHCTBEHHO-BPEMEHHEBIX KOODAM-
pat. Ilosromy mna ogHosmadHoro ompefeleHusa @; B TEOPHH
Jloperma (cM. [132], § 4, ypasmemue (2)) poGaBasercs
YCJiOBne *)

1 6
KOTOPO€ MOIKHO 3aMdCATh B 4eThipexMepuoil gopme:

L =0 (divg=0). (207)

oz
YererpexMepraoe ncronxosanue sekropa [epna Z no cux mop
HO J[aHO.

Bropas cmcrema ypasmenuii Makcsemna (cm .[132], § 2,
ypasrenns (1), (II) = (IV)), copep:xamas nmorHOCTH 3a-

PAROB

rotH—~i—f§=p—§—; divE = p, C)
Mmoxker GmTh mpeoGpasoBama amalormimo cucreme (B). Us
(198) n (202) memocpescTBEHHO CAEYET, ITO

oF*ox* =5 (divF =s) (208)
(eM. (141b)). Ecau onpenenuth miIoTHOCTh 3apsAaa CHCTEMOM
ypasHeruit (C), To cpasy oueBHIeH BEKTODHHIH XapaxTep
cucTeMsl BeluuuH §', WTo 6bLI0 yite OGOCHORAHO HAPYTUM

cnocobom panee. [logcrasaaa B (208) cornacso (206) Bex-
TOpHEI morennuai, moixysaeMm (cm. (145))

div,rot ¢ = grad; dive — D¢, = s

_*) Ypasmenue (207) npmBoguT K TOMY, YTO BeJwumma \ JOJRHA
YyRoBaeTBOpATH ypaBHesuio O¢ = 0, mo3TOoMy yTBepKAEHHE, UTO @y
yeaosmem (207) onpepedserca ofHO3HAIRO, He BHOJRE TOYHO,— Ipu-
Med, ped,

8*
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7, seaegersue {207),
Og; = —s,. (209)

KorapmanTrocTe ypaBmenuil 9ICKTPOMATHETHOTO IIOJSA
OTHOCHTEIBbHO rpynnsl JlopeHma HaBOAAT HA BOUPOC O TOM,
HET Ju emme Golee IIMPOKOH rpynusl npeoGpasoBaHWi, OTHO-
CHTEJBHO KOTOPOil KOBAPMAHTHOCTL YPABHEHHHA COXDAHAETCH.
Orser ma artoT Bompoc Onu1 masm Hsmuuwnarxomom m Balitme-
HoM [133]. HauGonee o6meit rpynmoif ykasamHOTo THUIIA $B-
adeTca rpynma  KoHQopMuBX npeobpasoBamuit (cM. § 8,
1. B'), nepesogsaman ypasaenne cBeTOBOro KOHYCa

s2=0

camo B ceba. Kpome mpeofpazorarmil rpynnsr Jlopenma oma
cofiep:RUT npeobpasoBaHusl MHBEPCIH OTHOCHTENbLHO UeThIpex-
MepHOro mapa miau rumepfojouja B JeficTBUTEIBHOR cHCTe-
Me Koopanuar, Teopema baiitmena mpepmctana B HOBOM cBeTe
¢ Toukn 3penna Teopun Beiina (cM. v V), @, @panr [134]
Ra¥ TpPOCTOe JO0Ka3aTelbCTBO TOro, 4To rpymma Jlopemma
B COEIUHEHHMN ¢ OOBIKHOBEHHBIMA TPeoOPa3OBAHHAME TOIO-
oua mpepcraBager cofoil eHHCTBEHHYIO auMellnyH Tpymmy,
OTHOCHTEJIBHO KOTOPOH KOBAPMAHTHBI JugdepeHHaIbHbIe
ypaBHenusa Makcsemna.

§ 29. IlongepoMoropHaa cuia.
JuHaMnKa »aAeKTpoHA

Vike B cBoeil mepBoil pafoTe OiiHINTeiiE mokaszamx, uTO
TEOPHA OTHOCHTEJBHOCTH II03BOJAET CHAeNaTh BIOJHE OIpe-
TelleHHBIe 3aKNIOUCHHS O 3aKOHAX ABILKEHHUA TOYEYHOTO 3a-
pAfa, IBHKYIIETroCs B dJIEKTPOMATHIITHOM MOJ€ ¢ IIPOI3BOIE-
BO GONBIIOE CKOPOCTBIO, €CJi¥ STH BAKOHHI I3BECTHHl s
nBmxeHNA ¢ Geckomeuno Masofi ckopoersio, Ilop TOTeTHBIM
3apAJOM 3ech NOHHMAaeTcs: N0l 3apsiy, pasMepsl KOTOPOro
TAK MaJbl, 4To B 00JacTH, 3aHMMAeMOil 3apA70M, BHEIIHee
mojie MOKeT CcYATaThea OgHOPORHBIM. «Toueunblii sapsamg»
MOKeT, TakuM o0pa3soM, He ObITh 3ieKTpoHOM. Ecan E — ma-
OPAKEHHOCTh BHEINHEro DJAEKTPHUECKOTO 110, & € U Mg —
3apAJ W Macca HALIEro «TOUEYHOTO 3apsajga» B cucreme K,
OTHOCHTeJILHO KOTOPOIl 3apsg B paccMaTPUBAEMBIH MOMEHT
DOKOHUTCA, TO B BTOII cucTeMe

mod®r’[dt'? = eE’, (210)
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C momompsio gopmyn (194) m (207) mommo cpasy ime
YCTAHOBHTH 3AKOH [IBUKCHIS B CHCTEMO K, ornocutensHo xo-
ropoit 3apsax (u cucrema K’) ppmmercs co CKOPOCTBIO U B
HaHpaBHeHI/IH HOJOKATEJAbHBIX BHAUEHUH KOOpAUHATH X.
IIpn aToM mojyvaeMm

m d’x 1 ]
(1— ;2)3/2 T e(E T [“H]>x’

Ve e (B 4 L) (211)
d*z

—-——(l— —_— =

Vi—pdr

IIpesme Bcero MBI BUAHM, 9TO B OPaBOil TacTH CTOMT
KaK pas cuia JIopeHu,a (em. [132] § 3, ypasmenne (VI)).
Ecau 6 crapol Teopuu ara cuaa g600ulacy 6 KauecTée HO-
60l arcuombl, 3decb ONHA noOAYuela Kak caedcTeue npuHyu-
ra oTHocureabHocTu, B cBA3M ¢ 9THM ciemyeT, mpasfa, 3a-
MeTHTh, uTo B opmynax (211), Bkarouaomux IIeHb BTOPO-
ro ¥ BHICIIET0 HOPAKKOB OTHOCATENBHO U/C, CONEPIKUTCA HE
PusuvecKnl BaKOH, a ONpeReNeHme CHIHL, I.[encTBmeJIbHo,
BHAYANE OTHECeHHe PasiUYHbIX WIEeHOB K NMpaBoH WM JNeBoil
gactm ypasHenuit (211) wkasgetrca mpoussoxbHEIM. MoKHO,
HampuMep, TOMHOMKUTh obe wactm mHa (1 — B%)¥2 mam coor-
perctBerno Ha (1 — B?)/2 n maspiBaTh Temeph KOMIOHEHTAMN
CHNH BHDAjKeHWd, CTOAIEE B HpaBoli wactm ypapHemmit.
IlepBonavanbuo JiiAmMTeiH Ha3bIBAl CHION U B mmmymen—
¢ chcTeMe KoopiauHar senuuuny eBE’., B peasrmBucrcroit
MexaHAKe GHII0, OfHAKO, NOKA3AHO, YTO NPHBEJeHHOe BEIIe
cpopmynuposannoe Ilrankom [135] ompenenenne cmis, T. e.
NPUHATHE JJAA CHJbI, JeiicTBYOmedl HA IPOM3BOJLHO [BH-
SKYIuUiicss 8apAj, J0PeHIeBa BLIPAMKCHNUS

K=e (E +4 [uH]), (212)

ABIgeTca Haumbojaee MeaxecoofpasHbIM I eIHHCTBEHHO ecTecT-
BEHHBIM; IM@HNO, OKA3bIBAETCS, YTO TOABKO MPH TAKOM Ompe-
REJeHUY CIJIEI OHA MOMKET PAccMAaTPHBATHCA KaK TIPOU3BOJ-
Hasg 0O BpeMeHH OT WMIYJILCA, OCTAIOMIErocA MOCTOAHHBIM
nus saMrmyToll cucremsr (cM. § 37).

W3 (212) n (204) suirexaror opMyinl mpeofpasobanus
BJs CHIIBL:

K.=Ks K,=K,Vi—p4 K.=K,VI—p, (213)

3

e (F +4 [uH])z.
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ecJn NPeAmodoKATh, 9To B cucTeMe K’ MaTepusa, Ha KOTO-
PYIO fielicTByeT clJia, DOKOUTCA B pacCMaTpUBaeMbifi MOMEHT
BpeMeHH.

B crapoii nurepatype, na ocumorauun (211), gacro Hasb-

Ty

[POJIOIbHOH, a m mOHmepeuHoll Mac-

mO
BAIM o370
(1—p9)72
col, IlenecooGpasmee, omgmaro, samuceBaTh (211) B gopme

d .

-7 (mr) =K, (214)
OpudeM Temephb Be3fe pOIb Macchl ArpaeT BhIpaskenue *)

m = _1/%__52 (215)

910 BHIpasKEHHE [JIA 3aBHCHMOCTH MAacChl OT CKOpocTHm GBLIO
BUEpBEIe HONy4YeHo [JiA Macchl oieKTpoHa Jlopemmom [13],
UCXOMUBINAM M3 [IPENNOJNOMEHHA O TOM, YTO U BIEKTPOHBI
HCHOBITHIBAIOT HpPH ABM;KEHHHU JIOPEHIEBO COKpamenue, Teo-
PHsA TBEDHOTO SJIEKTpOHA, NpuHAZNEKamasa Abparamy, npu-
BOOHUT K Gojiee cOKBOH QopMyse Nig M3MEHEHHUS MAcChl *#),
BriTekanmee 13 TEOPHH OTHOCHTEILHOCTH OOOCHOBAHHE JIO-
peHneBa 3aKOHA W3MEHEHHA Macchl 6e3 BCAKNX CHEIMUAIbHBIX
UpeAnoNaoKeHHA o (opMe SAEKTPOHA § pacOpefiejleHAN 3a-
psAfa B HeM sABIsgeTCA ee HecoMHeHHBIM ycmexoM. O mpupope
Macchl TAaKMKe HE HYIKHO [{eJaTh HUKAKUX ODeXIIOJOKEHil;
puipaykenue (215) cmpasemimBo Aus 1060 Macesl; 3mech
8T0 MOKA3AHO s IEKTPOMATEHTHOH CUJIBI, & B PeNATUBUCT-
cxoii Mexammke oGobmaercs mua aAw00erx cun (eMm. § 37).
Crapas Touka 3peHHs, COLNIACHO KOTOPOH DyTeM OIBITOB ¢
OTHIOHEHAEeM KATORHBIX JIYYeil MOMKHO OTIUIATEL <IOCTOAH-
HYI0 HCTUHHYIO» Maccy OT «KaJKYINeHCsa» 3JIeKTPOMAarHmTHOA
(cm. [130], § 65), mootomy me MoeT OBITH COXpaHeHa.

@opmyna (215) maa m3MeHeHUs] Macchl WIH, IpaBUIbHEEE,
3aKoH pgBukenua (211), oTKphIBaeT BO3MOKHOCTH HIPOBEPITH
TEOPUI0 OTHOCHUTEJILHOCTH MYTEeM ONBITOB € OTKJIOHEHHeM
OBICTPBIX KATORHBIX HMIH B-iyueil B 9JIEKTPHMUECKOM U Mar-
muraoM nonxax. Crapeie mamepennsi Kaygpmana [139] roso-

*) Oror peaynpTaT HeABHO cojepwutca yme y Ilmamka [135];
no3e OH GLUT NOAYEepPKHYT, B uacTHOCTH, TOJMEHOM.

*#) Cm, II. A, Loreutz [130], § 21, ypasreunsn (77), (78). Vmo-
MsIHEM eIe, BCAEACTBHE eT0 HCTOPUUECKOr0 mHTEpeca, o AedopMEpye-
MOM JIeKTpoHe OOCTOAHHOTO oO0beMa Dyxepepa [137]. Ca. M. Ab-
raham [138].
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puizm B HOab3y opmyast A6parama. Haydwmanm, opmaxo,
IepeoneHna TOYROCTh cBoux maMepenmit, Omerramu Byxepe-
pa *), T'yuka [143] = Parmoscroro [144], a sarem, cosep-
[meEHO ofHO3HAuHO, omeitamm Hefimama [145] (¢ pomoame-
gmeM Iedepa [146] m Tom m JlaBammm [147]) Omnita
yCTAHOBJIEHA CIPaBeIABOCTH peNATHBACTCKOA OpMyIHL,
B macrosmee BpeMsa yhaerca Tropasfo TOUHee ONpeAeNuThb
8aBHCHMOCTH Macchl 2JEKTPOHA OT CKOPOCTH, €CJd HCHONb30-
paTh AJA TPOBEPKH NpefcKa3agie TeOPHA OTROCHTENLHOCTH,
Kacalomeecs TOHKO# CTpykrypel atoma Bopoposa **). Co-
OTBOTCTBYIOIMil 9KCIePAMEHT II0IHOCThI0 moATBepKAaeT dop-
Myay choenuaibEoil Teopumdm oTHOcuTenbHOCTH. [lo cmx mop,
O[[HAKO, HO yaJ0Ch YCTAHOBATH HA DKCIEDIMEHTe M3MEHEeHHUe
MaccHl [Jf APYLHMX, OTAWYHEIX OT SJEKTPOHA, WacT@N, IO-
cKOOBKY ®ToT 2QeKrT Maax Hare AjaA OBHICTPHIX G-JacTUN
(cM. mpumeu. 9).
_ VYpasuenme (211) Momer GHITH mPeNCTABNEHO B I€THIPEX-
MepHOIT mEBapumanTHOH ¢opMe, ecldm mepedTm OT cmAH, fei-
cTByIOIel Ha Bech 3apAf, K CHJIe

t=p (E +4 [uH]) (212a)

Ha efmEANY oO0beMa (IJIOTHOCTA CHILI). OTO BEIPAsKEHNE
HABOJAUT HA MEICAH IOCTPOHTb HpOuU3BefeHHEe GEBEKTOPA [
U 9eTHIPEXMEePHOr0 BEKTOpa TOKa §":

fo="Fas", (216)

Tonyuanmuiics BEeKTOP fi EMEeT KOMIOHEHTH
Gt f) =8 fo=io(EL). 1)

Cuaa na edunuyy obsema (naoTHOCT® cuavl) npedcragaser
co60oli Tpu NpPOCTPAHCTEEHHbIE KOMNOHEHTbL YETbiperMepIlozo
6EKTOPA, 6peMENHAS KOMNOHEHTA KOTOPOz0 ecTd (Oeaennasn
Ha ¢) pabora 6 edunuyy epemenu, npuzodawaics Ha edu-
Huyy obvema (RAOTHOCTL MOWHOCTU). DTO BamKHOE 00CTOA-

*) Bucherer [140]. Cm., KpoMe TOro, 3aKIIOYATENHLHEIE OMLITHL
Bomsma [141], a ramsme gackycemio Memay Byxepepou m Becreannelie-
pom [142].

**) K. Glitscher [148]. Bupepxrz B [149]. Cm. Tarxe A. Soms
merfeld [150], rme yxasamHO, WTO BHEPBHE 9TO HOKA3ATENBCTBO OEPe-
MeEHOoCcTE MaccH pgaia Jlemn (W, Lenz),
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TeALCTBO GHIO B 3HAUMTENLHOM Mepe yeramoieno eme I[ly-
agrape [14] u mossxe acmo cdopmynuposano MunkoscknM
[64]. Us (201) m (216) cuepyer, 9To UeTHIPEXMEDHBI BEK-
TOp INIOTHOCTH DJIEKTPOMArHUTHON cuiabl f, MepHneHgUKYIA-
PEeH K BEKTOPY CROpOCTH U’

fut = 0. (218)

Teneps MoxHO cHOpPMyAHDPOBATH B TeTHIPEXMEDHOH WH-
BapmauTHOi#l dopme 3akon gBmEeHuUA (214); 3To MOKHO cjIe-
nate AByMs cmocoGamu. C ofHOH CTOpPOHEI, MOMKHO BBECTH
9eThIPeXMepHBIH BeKTop K; ¢ KOMIOHEHTaMU

K . K = i (Ku/c)

To, 9TO0 9TM BeIUUYHUHH JAeHCTBHUTEILHO 06pasyiT dWeTH-
PeXMepHBI BeKTOp, clegyer H3 (QopMya NpeoOpasoBaHUA
(213) mas cuant. Buipamenne K/V1 — p? maswiBaetca cusoid
Mungoeckozo, B otamune or Hpl0TOHOBOHI cuanl K. Ypasue-
HEA JBIJKEHHA MMeIOT B DTOM cJyd9ae BHJ

(K1 Ky, Ky) = (219)

%t d
my g = mrm  m, Euri =K (220)

C Opyroli CTOPOHEI, MOJKHO OTHECTH YPABHEHWA [BU:Ke-
HMg K efupune o0pema, Feam po— ILIOTHOCTH MacCH LHOKOM
mo/Vo, T |

ped%z'/dt® = f';  podui/dt = fu. (221)

Crnemyer saMeTuTh, 470 (DUSHIECKUIA CMBICA ypaBHEHHUI
(221) me coBceM sceH, ecau OHH DPUMEHAKTCA K BJIEKTPO-
HY (eM. ra. V, § 63), mo xpaiiBeil Mepe fo Tex mop, moKa
BeKTOPY f; upugaerca suauenue (216). Ypasmemua (221) B
BTOM cly4ae COPADe[NUBbI, TONBKO €CIH B IPABYI UX 9acTh
He BRJIIOYeHO cOOCTBEHHOE II0Ji¢ paccMaTpPUBAEMON YacTHI(HI.

Ilpn i=4 ypasumenus (220) u (221) serpajkar saxom
COXpaHEeHHWA DHEPruHu, ABAAIOMUilcA cileJCTBHEM YpaBHeHHIl
aswKenusi. B coorBercTBmH ¢ 3TMM Kaxk ypasmemma (220),
Tak W ypaBHeHma (221) Be saBUCHMEI ADYr OT Apyra, Tar
KaKk 1yTeM CRaJADHOIO YMHOMEHWS HX Ha u', yyurmiBas
(192) u (218), momyzaem tomgecrso 0 =0. 05 obobmennu
OIpEefleJIGHHs  BEKTOPA CUJIBI M YPaBHEHWH JIBHIKEHUSA

§ 37.



§ 30, IMOYJEC U SHEPTUA SJIEKTPOMATHHTHOTO MOJIA {21

§ 30. MmMnyase o 9HePTHA ACKTPOMATHHTHOIO IO,
Muddepennuanpaan v nHTErpaxbaas GopMul
3AKOHOB COXpAaHEHNA

B amexTpommRaMHKe NOKA3LIBAETCA, 4TO ILIOTHOCTH JIO-
perneBoil cuibr f MoseT GHTh mpecTaBieHa KaK cyMMa Iio-
BEPXHOCTHOH CHJE!, BHI3BAHHON MAKCBEJNIOBCKUMA HADpPAKe-
HEAMO 7 B3ATOll ¢ OOpATHHIM 3HAKOM OPOM3BOAHON MO EBpe-

MEHH® OT OJOTHOCTM HMOYJibca 3JJCKTPOMArsuTHOIO UIOJA
(em. [132], § 7), 1. e.

f=divT — ¢, (D)
rjie MAKCBEJNJIOBCKNAE HANDAKEeHNs

Tik = (E,E,. - 1/2E2§(h) + (Hth - ]/2H26ihy

@, k=1, 2, 3),
B IIOTHOCTH mMuyibca (cm. [132], § 7)

g=cizs; S = ¢ [EH],

[Moraskem, ato nextopuoe ypasmenne (D) BmecTe co exaxsp-
HEIM ypaBHenumeM pia smepruu (cm. [132], § 6)

W pdivS = —(l); W = (E°+ HY) (E)
' MOryT 6LITB COeINHEeHLl B quLIpOXMepHOB BeH‘TO-pﬂoe ypaB-

merne., OGpasyeM cmepsa u3 Oupexrtopa Fi cUMMETPHIHLL
TeH30p BTOPOro pPaHra

St =y, (FuF¥ — FLE™) = Fy P —1),F, F8h,  (222)
3ameruM, uTO

St=0, (223)
KommorenTs! Tensopa St PaBHBI:

St = —Ty ma i, k=1,2,3;

(53, 84, 88) = (S10r Saer Sgp) = — S = icg; (224)

St= 8, =S84=—W,

TakuM 06pa3oM, IPOCTPAHCTBEHHBIE KOMIOHEHTHI TEH30-
pa S paBEBl ¢ TOYHOCTHIO J[0 BHAKA KOMIOHEHTAM MaKCBeJ-
TOBCKMX HANPsKeHUI; OPOCTPAHCTBEHHO-BPEMEHHBIE KOMIIO-
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HeaTsl pasabl BexkTopy I[lofiHTHHra m maoTHOCTA MMIOYIECA,
U BpeMeHHAA KOMIOHEHTA PaBHA IJIOTHOCTH DHEPTUE ¢ 00-
patueiM smaxoM, ¥Ypaemerus (D) m (E) mokmO TOrpga, Kam
puepsele otMetua Mpurosekuir ([64], II), nyrem BBeaenusn
onpepenennoro coornomenus (216) sexropa f, sammcars B
BUfe eXUHOH cHCTeMbI ypaBHEHUIT

fi= —0St/oxr (f = — div S), (225)

Hag i=1, 2, 3 nony4aeM 3aKOH cOXPaHEHUS WMOYJbca, Aia
i=4 — saxkom coxpameHua 9Heprum, llosTomy sarom (223)
HA3BIBAIOT 3aKOHOM COXPAHEHUS SHEPrAR-MMIYABCA, & Te-
30p S — TeH30pOM DHEPrUH-BMIOYNHCA BIEKTPOMATHATHO-
ro mois,

Jlanee okaseBaerca, uto BmBoj ypasmemnii (C) m (D)
n3 ypasHemnid moia (A) u (B) cmapso ynpomaercs mpu me-
[OJb30BAaHAN YeTHIPeXMepHoil hopmsl sanucu: gopmyna (1706)
TompecTsena ¢ (225), ecam OTOKAECTBUTH (; ¢ UETHIPEX-
MepHEIM IOTeHIuanoMm, F, ¢ OHBEKTOPOM HAUPAKEHAOCTH
nong u s' ¢ 9eTHIpeXMEePHBIM TOKOM; IO3TOMY HYMKHO TOJBKO
OpuMeHHTh BHIBOL &), § 23 K cIyyalo mOCTOSOHEIX gy (OT
9TOro BBIBOJ] CRJUIBHO YHPOMIAeTcs), 4ToGB moaydnTs (225),
IlpsiMoe BEIYECHAeHM® TaKke ocyinecTsagerTca Gea Tpyna.

Penartupncrckoe NMOHUMAaHHEe 33KOHA COXPABEHUS DHEPIHI
I UMOyJIhca OpeJicTaBigeT MHTEpPec HE TOJAbKO ¢ (opMaiib-
Hol, HO U ¢ (msmyecKoidl Tourkm 3penmsa, Ecam s3akom coxpa-
penns spepran (uerBepTas KoMnoHenTa (225)) mMmeer mecTo
B n060dl cmcTeMe KOOPAMHAT, TO B34KOH COXPAaBEHHS IM-
noyibca noaygaerca cam coboii. O6a 3akoma HrpalT npn
OHUCAHMA [POMECCOB HPHUPOAbl BIOJIHE PABHONPABHYIO DPOJIb.
B coorsercTBum ¢ momnManueM Bextopa S B (E) xax moto-
Ka DHEpPTud NpefcTaBiAeTcA HOCIef0BaTeIbHHIM TOBODHUTEH O
Beguupnax I, Kak 0 KOMOOHEHTaxX MOTOKAa mMmyabca. llo-
CKOJBKY HMIYJALC caM ecThb BeKTOp, BTOT HOTOK ofpasyer
(B 06BIKHOBOHHOM OPOCTPAHCTBE) TEH30P, B OTIHUNE OT BeK-
Topa S B ciayuae moToKa dHeprum. MakcBelTOBCKHe HAIps-
JKEHMS, KOTOpble PAaHbIOe PAaCCMATPHBAJIUCH KAK 9HCTO BCHO-
Mmoratensnsle penmauanl (eM. [132], §7, c¢. 163), npuoGpera-
10T 1oatoMy (U3MYECKoe SHAYEHHE; OHO ObIIO IPENJIOKeHO
Inankom [151]*) (oGoOmenne 3TOro TONKOBAHMA M Ypas-

*) IIpmamMasi Takoe TOJXKOBAHME, HYMHO, ONHAKO, AMETh B BHALY,
9TO HOTOK EMUyJNbCa MOKeT ObITH HE DaBeH HYJNIO, AlaMie eCaH NJoT-
HOCTH MMIYJBCA Be3e mcuesaeT (3TO BHMeeT, RaNpuMep, MECTo B CAy-
9ar YACTO BIEKTPOCTATHYECKOro mous), [laA noToKa sEeprum nogodnas
BO3MOKEOCTH OTCYTCTBYET, ‘
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pernii (225) pa mesnerTpoMAarHMTHEIL MMOYILC M. B § 42).
B MecTax, rfie Ha MaTepHio eiiCTBYIOT NOHIepOMOTOPHEIE CH-
NIBI, ©3 MEXaHHYECKOro MMITYyJILCA BOBHHKAaeT coriacHo (225)
9IEKTPOMATHUTHBIA HMIYIbC, HAX HA000POT. AHAJIOTUYIHO
noiokeHne ¢ sHepruefl (o NOOBITKAX NPEACTABHTHL JIIO0LIe
EMIOYJIbC U DHEPIHI0 KaK 9IMeKTPOMArHHTHBIE cM, II. V). Bo
BCeX ADYTHX MecTax MMIYJLC U HHEPris 3JIeKTPOMAarHuTHOro
molA ¢TEKYT» KaK CRUMaeMasg, a B YaCcTHOM cjydae CTALHO-
HAPHOTO MOJNA — HEeCKHMaeMas JKUJKOCTh ¢ HEH3MEHHEBIM
KOAMIECTROM BEIlecTBa.

Tensop S; oTHOCHTCA K NAOTHOCTAM 9HEPrHI W HMIYIb-
ca; HYMHO BBIACHUTEL TaK/Ke, KAK BeyT ce0s HONHBIE BHep-
IEA U HMOYJIbC CHCTEMBI NPH LEepexoje K ABmRymelica cu-
creMe Koopmumar. [as obimero caydas 3TOT Boupoc Gymer
paceMoTper B § 42; 3hech jKe OrpPaHUYAMCH TeM clyuae,
KOT/Ia DHEPrus U UMOYALC HOCHT YHCTO 3JIEKTPOMATHATHEI
XapaxTep, T. €. IOTHOCTH CHIBl f; I ILIOTHOCThH 3apAAa Bea-
fie PaBHBI HYJIO, TAK YTO MMEIOT MecTo ypasuexus (cm. (225))

8St/oat =0 (divS =0).

9Tr ypaBHeHHa WMEIOT MecTo B cryuae cBo0OZHO pacupocrpa-
HAINEHCA B TPOCTPAHCTBE CBETOBOI BOJHBI IPOU3BOJILHON
dopmer, J{aa Toro uTOOH! IOJNHBEIe SHEPTUA U HMOYJIHC BOJHEI
ObLIM KOHEIHBI, BONHA AON/KHA 3ANOJBATH KOHEYHYIO 061acTh
npocTpaHcTBA. B weTnIpexmMepHOM MHpe 9Toil 06JacTH COOT-
BeTcTBYeT TPyOKa ¢ KOHeYHBIM cedeHueM. U3 paccMoTperms,
mposefennoro B § 21, caenyer, ato penmumms S; moce mH-
TerpupoBaEnsg mo 00beMy 00pasylT KOMOOHEHTHE! deThIpex-
MEepPHOr0 BeKTopa '

Ty = %”55;{ dv. (226)

Coramacmo (224) 5Tu KOMHOHEHTH IPOCTLIM 00pa3oM CBA3AHbI
¢ TOJHBIM HMIYJALCOM M DonHOll sHeprmeil cmcTeMsl (cBeTo-
BO#l BONHEI):

:(]1, Jg, Jg)=CG; ]4=iE. (227)

Mz Momem moaToMy CKazaTh, UTO 8 3TOM cayiae NOAHAA
8Hepzun u noAHBIL UMRYAbC 06paA3YIOT HeTblpeTMeDHbLL 8K~
rop. O1cloa HeMe/JIenno cIeayior (opMyas: npeoGpaszoBaEund
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(cm. (186) m 187)):

2
7 - E ’ !’
Gl = 5-,—(_‘”_3; Gy =G, G.=Gy (228)
Vi—p*

E — G,

E = —e——
Vi—p
3ameTuM eme, 9T0 BEKTOp J, HE MOMeT OBITh MPOCTPAHCTBEH-
HonmogoOHbiM, Ecim GBI mociefgHee mMelo MECTO, TO MOMRHO
Opro Obl mafiTu cucTeMy KOOPAHHAT, B KoTopoil Bektop G
He paBHsIcs OB HyNIO, a »Heprua E pasmsamack, 3T1o, ogHA-
KO, HEBO3MOIKHO, TAK KaK E MoKeT uc4esnyTh JUIb TOrAa,
Korja mose BooOme orcyrereyet. llosTomy mmeem

131<0, G<El. (229)

Bexrop J mosxer, TakuM o6pasoM, OLITh MJIH HAYIEBLIM HAN
BpeMenHnono0HEIM BeKTOpOoM. IIpuMepoM DepBoil BO3MOMKHO-
CTH ABJIAETCSA OrPAHMYEHHLIH B IPOCTPAHCTB® HYTP IUIOCKAX
BoaH. [lnsa mnomoGmoro myra, kak wussectno, G = E/c. Ilo-
CKOJIBKY 9TO COOTHOLIeHHE MO;KeT Obith 3amucamo B (opMe
JJi=0, ono mommuo mMeTh MECTO B NI060i cuCTeMe OTCUeTa.
Ecnu o ects mamepenunit 8 K yroa Me;kny nampasiennem
ayua M cKopocThio cuctemsl K’ ortHocurensno K, 1o us (228)
caenyeT gopmyna npeoGpasosanuii JiiumTeiina 1A sHEPruM
KomegHo#l maockoil Boamsr ([15], § 8)

p=1zBesap (2282)

- Vi—g

Ecan Bextop J Bpememmmopofen, To Bcerga mMeeTca cu-
crema Ko, B KoTopoll monmb# uMnyabc pasem Hyawo. M3
(228) cmenpyer, uto ecam Ey ecTh 3HAaueHUe PHEPTUH B 3TOil
cucteme Ko, T0 B cucteme K, gsmmylnefica orHocuteasno Ko
€O CKOPOCTBHIO V,

E NE
Ee=—019_. G=_(ﬂ_0=lg, (228b)

1/1__52y V1_ﬁ2 4

IIpumepoM B aTOM ciyuae asuasgercs cdepuueckas BOJHA KO-
HETHOH INMPHUHBI WJIM CHCTEMA [BYX COBEPIIEHHO OfUHAKO-
BHIX, HO HANDABIEHHEIX B MPOTUBOMOJNOMHBIE CTOPOHBI IJIO-
CKIX BOJHOBBIX OyroB (06 oGoGmeHuax 3TUX COOTHOmeHuit Ha
HE)JIeKTPOMArHNTHBI uMOyabe (uam smepruio) cM, § 42).
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§ 31. Nusapuanrasii npunnun peiicreus
B 9IEKTPO/LIHAMUKE

ITocne roro rax Ilyamrape ([14], R. P.) yGemuuaca B un-
papHaHTHOCTH WMHTerpana peiicrsus [Isapumuaema [152]
(cm. Tamske [132], § 9) ornocurenbuo rpymnsr Jlopenna (cu.
npumed. 10), Bopu [153] opumenun wersipexmepHyio Bek-
topEy0 opMy Bamucn npuHQuOa meficTBUA, B Pe3yabTaTe
9ero nocjaefHuil mpHobpes 0YeHb HATIAULIT BHL.

IIBapmmunasn cuavana obpasyeT HHTErPHDPOBAHHEM IO
mpocTparcTBy Qyukuuio Jlarpana

—;—5(H2 — Ef)dV + jp {CP - % (Au)} av,

mocie 4ero noxydaer QYHKINIO feiicTBHs WHTErPHPOBAHHEM
no BpeMenn, EcTecTBeHHO 00BeJUHATL HHTErPHPOBAHHE IO
OPOCTPAaHCTBY M 1O BPEMEHU BBEJEHHEM YETHIPEXKDPATHOTO
marerpana ([14], R. P.). OGosnauaa uepes L uHBapHanT

L="[FF*=H?—-E?, (230)
MOJKHO 3a0HCaTh YABOEHHYI0O (DYHKIHMIO fAelicTBHA B BHJe
W = [ (L —2qst)dz. (231)

PaccmarpmBaeMbiit mpmHOAN ReBCTBUA COCTOMT B ToM,
4TO OPH M3BECTHHIX yCJAoBUAX Bapuanua ot W pasma mynio:

SW =0, (232)

ITH yCIOBHA TAKOBHIL:

1. Narerpan W Gepetca mo ompepmenennoil ofmacTtn de-
THIPeXMEPHOT0 MHDA; HE3aBHCAMBIMU NEPEeMEHHBIMU ABIAIOT-
€ KOMIIOHEHTH! (; YeTHIPEeXMEPHOro MOTeHnualla, HMeoniue
3aflaHHBIe 3HAYEHNA Ha IPAHUNAX 00JaCTH MATErPUPOBAHUS;
YeTEIDEXMEDPHEIH TOK §', T. e. MHDPOBBIG JUHUH HICKTPHIECKIX
8apANOB M ux BeauuuHa, He Bapbupyiorcda, Cormacmo § 23
(em. (174) u (175)) opu atom

sw—=2( (7% _ o) s0,d% 33
= Pyl Q; dZ, (233)

g w3 (232) cumemyer BTopas cuctemMa ypaBHenmit MakcBemraa
(208). Ilepras cmcTemMa mMeeT MeCTO Yike BCJIEHCTBHE BBe-
ReHAs BEKTOPHOTrO IOTEHIHaka, W, TaKuM o6pasoM, ee cyime-
CTBOBAHHE HPEANONArajoch sapamee,
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2. llone @' ectp onpenenennas Gyaxnna KOOPANBAT de-
THPEXMEePHOro MHPA B He BapbUPYeTCs; HANPOTHB, MUPOBLIE
JUHOA MaTepud MOJIKHBI BapbupoBaThesa, [loaTomy muTerpan
or L He BHocHT HW4Yero B SHAYEHHe BapHalUU; BTOPOH HH-
Terpax HY:;KHO crepsa npeoGpasoBarb. Ecin de ecth aneMent
3apAfa, oTHOCAIIMIICA K onpelelIeHHOMY aJeMeHTy Marepu,
H T— coOCTBEHHOE BpeMsA COOTBETCTBYIOINE!l MUpPOBOH mi-
HOHW, OTCYATHIBAEMOH 0T Kakoi-nm6o RBaganbHOH TOUKH, TO,
yaursiBasg (201), MokHO HamucaTh

1
jpodE = icjdejdt; jcpis'idZ = ifde jmi% dv.

Wrrerpmposamne Beferca mo MUPOBOMY HMIUHAPY, KOTOPLIIT
HOJNyYaeTcs, eciyM Ha KakAofl MUDOBOI JMHHM MaTepumu OT-
J0KUTHh OfMHAAKOBYIO muuny, Hauanbmele ¥ KoHEYHBIE TOUKH
MHDOBHIX JUHN{I BapsHpoBaThbess He MoskEsnl, WHTerpupys
IO 9acTAM, HOXyIaeM

do; d o
1,00 = ijde j (—(—;i—l St — d;iih (‘52:"%;) dt =
= — i [ de [ Fyursat ar,
nian
1,00 = — [ Fustdzids = — [ 1,62 a2, (234)

Bopm pamaraeT ma Bapuandu MADOBHLIX AUHUE MaTepuu
DOMONHUTEIbHOE YCIoBUe

8 as=o. (235)

Corxacuo § 15, gna Mupopoil JUANK ¢ HaDpaBieRdeM, Be3fle
BpeMeHUOOMO0HEM, KaK 9T0 H HMeeT MecTo, npu Qurcmpo-
BAHHBIX KOHNAX M IOCTOAHHEIX Ly

1 (du o,
6§d1; = c—zyd—t Szt dr, (236)

IToatomy u3 (232) ma aToT pas nmomydaem
uodqur = f{,

e Mo — DOCTOSHHLIA MuomuTenb Jlarpamma. DTo €OOTHO-
menue cosmagaer ¢ (221), ecam cudATaTH Yo MIOTHOCTLIO
Maccu moxos, Hak m B § 29, MBI 3fech OTBAEKIHCH OT co0-
CTBEHHOTO NOJs pacecMaTpUBaeMOi YacTHIEL,
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Beitnnr [154] B oramame or Bopma me makmammiBaer no-

OONHUTENbHEI® ycioBEA (23D), BO poGaBader K QyHKNUR
JeACTBUA UieH

Zj‘uoﬁ dl = 2i05dm-c25‘d‘0
B OOJY9aeT
W, =2 peds +W; oW, =0, (231a)

Benencreme (234) m (236) orcioma Tarike caeayer ypasHe-
e (221),

§ 32. Hpumenenns K cnenUaIbHBIM CAYYaAM

o. UeTerprposauune ypaBHemOmil pmasa uo-
Temnumanos, Haxk ussecrno, guddepenunanvanie ypan-
merna (207) u (209), ecnu s' sagann Kak QyEKOAW mpocT-
paHcTBa m BpeMenn, mMeloT pewenua suga (em. [132], § 5,
-ypasuenna (XI) u (XII))*)

C
4anQ

x av
p av, i S p P ) Q

-2 9 ot-22
Qpt=) —F——, AP.t =

4anQ
(237)

B srux BRIpajKeHUAX AJMA NOTEHIHANOB HE HCHOIL3OBARA
cummetpua AnddepernuanbabiX YPaBHEHUH OTHOCHTENLHO
mpPOCTPAHCTBEHHBIX B BpeMeHHEIX Koopaauat. Ilociepmee
uMeeT, ogHaKo, Mecto B HaigemnoMm [epraormem [155] eme
70 CO3AAHMA TEOpUM OTHOCHUTEABHOCTH METOIe, OTIPAaBHEIM
OYHKTOM KOTODOro ABJAAETCH 9YacTHOe penleHne YpaBHEHHM
(209): 1/R%g, rne Temeps P um Q — [Be MEpPOBEHE TOUKW,
a R — gvetnipexmepnoe paccrosune Meny mumu, Ilytem ym-
HO’KeHHus Ha Noaxoaamyio ¢yurnuio s(Q) u uETErpupOBAHUNL
0 KOHTYDY, OKpyKawomeMmy aya (i, ) B KOMILIEKCHOI
lo-nnockocru, epriaoTy moayuun oOblYHOE BHIPAYKeHHO MJA
morennuanos. [lpemMymecTso 5TOro MeTofa 3aKIIOIAETCA B
TOM, 9YTO NPH BHYUCJIEHUM HAIPAMKEHHOCTEH IONSA MOMKHO
cuepBa AudgepeHnupPoBaTh, a HOTOM YKe TPOBOTUTH HHTEr-

*) Mm oTBiexaeMca OT HEONHOKPATHO, maummasa ¢ Paroa, ofcyi-
Rasmeiica [24] BO3MOKHOCTH peIIEHAS B BHIE ONEPE)KAIOMEro HQ-
yeHOquaaa (B opmyaax t - r/c BMecTO & —r1/c),
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pUpOBaHHE [0 KOHTYDY, BCIEACTBHE HWero pacder pgelaercs
6onee marnsapabM. Ilog BausHWEM Teopum OTHOCHTEIBHEOCTH
3ommepensn [156] mossxe Mopmuuimposan m passua Me-
ron ['epraoria.

[na touwewmoro sapsima (273) mepexomut B dopMyny
pas moremmmanos Jluesapa — Buxepra ([132], § 17, ypas-
wernne (70))

4npp s = dnAp, = eu/e

rp — (urpy/e T !

(238)

[fe Tp eCTh BEKTOp, COEMHAOINAA TOURY, B KOTOpOll Haxo-
AUTCA 3apAJ B MOMEBT {—Tp/c, ¢ Toukoii P, 10T Bewrop,
corracEo Mumrosckomy ([64], III), mmeer mpoctoit cmbica
B pAMKax yeThpexMepHoil maTepnperaruu. I1ycTh

§F=t() (239)

€cTh MUPOBas JHHNA 3apsfia Kak QYHKIUA ero co6CTBeHHOro
BpeMeHH, a P, Kak n padblie, MIPOBasA TOYKAa HaGIIONeHHA.
IIpoBenem wepes P Ty momocTs MEPOBOro KOHYCA, KOTOpas
HAOpaBJeHa B mpomioe. Muposas NuHMA 3apsfa mepecexaer
eTO B OIpefeJIeHHON Touke (J W npm 9TOM B OJHOH eAmHCT-
BeHHOH TOYKe, ecJU HAODPABJEHNe JUHWE BCET/la BPeMEHHIO-
motuo, Ecnu z' cyrs wooppmmatel Toukm mabaofenus P u

e
7o — (urp)/c >
Tp (urp)/c t—--};—

X' =gt —tb, (240)
TO U3 TpeOoBaHMA
XX'=0 (241)

TOUKa (, a BHAUHUT, M COOTBETCTBYIOINee 3HAUCHHE T, oupe-
J[6TeHBl KaK OHO3HATHBIE (PYHKI[NHU oT Z':

To = f(2). (242)

Bripassernsa (238) ana noremnumanos ma ocHosanum (205)
u (190) MoxHO Temeps Bammcath B BUAE OFHOLO COOTHOIIe-
HUA: '

bdng; = —eu (u.X7)., . (238a)
Broraucnenne HapmpssenHocTell IONA CYIIECTBEHHO YIpPOINa-
eTcsa BCle[cTBHe BBefeHHa coOcrserHoro Bpemern. Us (241)

HAaXo#UM cuepsa npousBopubie or ¢yExqum (242) mo xoop-
guHaTaM z" Touku P:

X; (8} — uidv/ozt) = 0; 910z = Xp/(Xur). (243)
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JanpEeitmutt pacuer coBEpIIEHHO DJIGMEHTApeR H JaeT
e 9 du
4nFip = —m ¢ +(Xr - || @iXy —wXy) +

du; du
+ = (E Xy — == X') (244)

(¥p)?

Ecam B Touxe maG.ai0feHEWA IOMECTHTh BTOPOH 3apAf e,
¢KOpOCTh KOToporo paBHa & To u3 (216) momywaem cmuy K,
¢ KOTOpoli mepBmifi aapam melfictByeT Ha Bropoil. [na cmist
MREEKOBCKOr0 — YOTHIPEXMEPHOr0 BEKTOpPAa, ONpPeieleHHOTO
poipaskerneM (219), momyvaem

4nK; = b4reFyu® =

=G )H (%0 () ety — Xy (32 h2] X —

_(_;;_r)?) {cur(xr dr)}(Xhu)u,l Xir)a(xhﬁh)d—:g. (245)

Bommepdennn BuiBen Kak shipaxkenue (238a), Tak W BHI-
paxkenus (244) u (245) myTeM KOMIIEKCHOTO MHTErpHApOBa-
HAA ¢ DOMOLILIO yOOMEHAaBIIerocsa Bolle merona. Popmyaa
(245) cosmapmaet ¢ nomyuennsim lIpapnmuasgom [157] BBI-
pasKeHHeM [T «DJeMeHTapHOH 3IeKTPORUHAMUYECKOH CHIIBI»
(em. Taxswe [132], § 25).

B. lTone paBHOMEPHO ABHUIKYIIETOCA TOTEU-
HOTO 3apafga. IJoCKONLRY 2JeKTPOHHAH TEOPUA HAXOLUT-
¢ B cOIJlacum ¢ TEOpWell OTHOCHTENBHOCTH, MOCHeNHAS IpU
ompefelieHUN II0JA 33ZAHHBIM 00pa3oM JIBHRYUIETOCH DIEKT-
POHA He MOMeT NPUBOANTH K Pe3yabTaTam, OTIHYHBIM OT W3-
BECTHLIX paHee B HOPEJATHBUCTCKOA Teopuu Jlopenma, Ilpa-
Bmia mpeofpasoBaHWsA HALDs;KeHHOCTel Ioas HU30aBAAIOT,
ofHaKo, oT HeoOxomumocTy mpuberaTh K AiQdepeEnuaTbEBIM
ypaBHeHHAM Wi K o0muM dopmyaaMm (244), ecau ToJbKo
DOoe M3BECTHO JJa OfHON ompeelNeHHOll cmcTeMBl KOOpHH-
Har. Ecan, nanpumep, HY:KHO HaliT# mose 3apAfa, PAaBEOMED-
HO gBEKymerocs B cucreMe K, To chepBa MOKHO HAiiTH ero
pone B cucrteMe K', OTHOCHTENIBbHO KOTOPOH 3apsAj HOKOHTCA:

’ e
E'=—50,

9 B. Mayau
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u3 (204) memepenHO nonyqaeu

e . - - :
Exm;l—s-:ﬂ,. Ey ,3 V{__ Ez r'@ Viy_BZ
H=-" [r'v/e]

YV i—p
Ecam oGoamauuts r=(z, Y, 2) BeKTOp, KOHEI[ KOTOPOro
HAXONHTCA B TOTKe HAONIONEHHA, a HAYAlIO — B TOUKE, Iie
HAXOHUTCA 8 TOT e MOMEHT @DeMeNl OTHOCUTEABIO CUCTE-
xul K sapsp, 1o *)

2
' ' x o 2
r—-(Vl_ ” ) r 1/-—1_52+y +24
[H] _ (246)

e 4

E B Yo H= V1—~62
HanpsiikennocTs 3AeKTpHIECKOro HOJSA W 3[eCh HANPABIEHA
oo pajimycy, a HANPsKeHEHOCTH MArHUTHOLO HOJsA nepHeHyd-
KYJAPHA K PaguyCc-BeKTOPY W HAaOpaBiemuio gsuxeuns. Ilo-
BEPXHOCTBIO PaBHBIX (110 aGCONIOTHON! BeAUUHEE) HANPAMKEH-
HOCTeH DIEeKTPHIECKOTO MOJMA B [ABIIKYIIEHCA CHCTEME ABJIA-
eTca He cgepa, a IIMNCOMK XeBmcaiijia, BBefeHHEll XeBH-
caitmom (cm. [132], § 11,b) B anexrposmmamury eme B
1889 r. dror BMNEMICOMA — DPOCTO Ta MOBEPXHOCTh, B KOTO-
pymwo chepa mepesogurca npeoGpasosanueM Jlopemia.

ITone (246) moxer GuiTh TaK:Kke NOJYYeHO W H3 obmeil
dopmynnr (244). Haa storo nrenem pektop X', nepnendury-
AApHELE K NPIMOJUAElinofl B HAIIeM Cjydae MApPOBOH JUHUIL
3apANA, HAYMHAIOIMUHCA HA 9TOH MHPOBOA JUHUN M KOHYAIO-
muiica B MUpoBO# TouKe mabGuiofenusa. B nokoameiicsa cucre-
mMe K’ ero xomumomentsl pasunt (r’, 0). Jlanee merko momy-
qaeM

Xi=Xi+ gu(Xar)y, XX =|XP=4Xuyp
4

T

X' = — — (X,un.
IlosTomy
4nFy = ]X’ (u Xy — uhX;)- . (246a)

*) 9ror Buisoy Buepewe mam [Tyamxape ([14], § 5).
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v.Ione sapapga, copepmarmero rumeposo-
amgecKoe ABHkenne, Ilpocrelfimum pBHsKeHHeM TOCH®
PABHOMEDHOT0 ABIAETCA (PAaBHOMEDHO»-YCKOPEHHOS, T. €. B
TEOPNH OTHOCHTENBHOCTH — runepbonuieckoe ABH:Kenne (cM,
§ 26). Ilone sapspa, coBepmarwinero ruomepGolndecKoe ABH-
sxeHue, BOepBhle OBTO ompepeneso Bopuom [126]. 3ommep-
derpq [127] mpmMemmat A ero BEIYHCIEHAS KOMILIEKCHOO
EHTETPHPOBaHNE. JJeMEHTApHOe MBJO;KeHHe MMEETCA TaKiKe
y Jlays [158]%).

ITomecrnM HaZamo KoOpAWHAT B NEeRTP rumeploisl W OpH
STOM COBMECTHM ILTOCKOCTE rHOEPGONBI ¢ . IIIOCKOCTBIO Z'x4,
Touka

§1=acos—2—; gt =asin —2—; E2=8=0

muposoit ausum (196a) Bsapaga, OTHOCAIIErOCA COrIACHO

(241) & Touke mabaiopeHms z', ..., 2%, onpenenserca coor-
HOIIEEUAMU
_ R+ s

cos (‘P - (P) = W—1 q) =3 (247)
31ech DOMOMEHO

R=Yza'; z'=pcose; z*=psing. (248)
HoMIoHenTs 9eThIpexXMepPHOro NOTEHINANa PaBHEL

e sin P, . .
(p1=4_namf Py = @3 =0;
. e cos P
= " Z% S Y (249)

B cmcreMe, B KoTopoil 3apsg B MOMEHT {— r/c moxourTes,
@1 ucuesaer B Moment I, B cucreme, B KoTOpoil Muposas
TOYKa HafalofeHusa OXHOBPEMENHA ¢ LEHTPOM TuIeplobl,
HAOPA/KEHEOCTA HOJsA PaBHH (BMecTo z? mmmem y):
i ie ay te [a cos (P — @) — p] —
4mp sin® (P — ) 09 4nap? sin® (P — @)
e a®[R*+a®—20% |
W

*) Ilo oromy moBoay oM. Tamwke [IL.4*] m ykasammylo TaM JzTes
parypy.— Hpunen, ped,
g
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_——— fey - 250
Ey 4rpsin® (p— @) % 4aap®sin® (Y — @) #9)
2e a%p

T (R OF —aatp e
H=0.

TumepOonmyecKkoe ABH;KenUe BRIfelseTcA, TakuM ofpa-
30M, TaKKe Te€M, 9TO OHO He CBf3aHO ¢ ofpa3oBanumeM BOJ-
HOBO B0OHHEI M COOTBeTcTBYHOmero wuanydenus. Haomporus,
eclim fBa UPAMOJUHEHHKX DABHOMEDHBIX [BUIKEHHA OEPEBO-
JATCA OAHO B APYroe ¢ HOMOLIBI0 runepbOTHIecKOro JBHKe-
“HHA, TO UBJIYICHHE HMEET MEeCTo.

BosMomno BBecTn maa BHIUMCIEHUS HOJA B clAydae Ti-
nep0onuIecKOro ABMIKEHUA 3apsAa cHCTEMY 0TCYeTa, MBUIKY-
Imyocsa ¢ sapAfoM u, TakuM obpasoM, He rajuieesy. B ka-
49eCcTBe KOODAHMHATHL £ B 9TOH CHCTEMe MOKHO BBECTH BeJH-
9uny, 0003Ha9eHHYI0 BHIIIE P, a B KAYeCTB® BPeMEeHH — yTOX
¢, COBHNATAIOMIMIl ¢ TOYHOCTBIO [0 HEKOTOPOro MHOMKHUTENA
¢ coOCTBeHHBIM BpeMemeM [BIKYIIeroca sapapa, Jluneiinslil
9JIeMEHT B BTOil cHCTEMe PaBEH

ds? =(dg')’ -+ (d§’)* +(d&°)* + (§')*(d§*)°

(*’é(l) =p, 3(2) = 1(2), §(3l) P $(3), §(4) = q))-

YpaBHEHOS DOJsA B TAKAX KOOPAUEATAX JErKO MOLYT GHITH
galHcaHbl IPUH HOMOIKK METOROB, HM3NoMeHHHX B i II.
IIpoGnema npu aTOM OKasbiBaeTcA CTATHYECKON, OHAKO, HE
O(HOMEPHOH, U pacuersl cymiecTBeHHo He yupomatores, C uc-
TOPHYECKOH TOYKH 3DPeHms mHTepecHo, uaTo eme Lopm [126]
paccMaTpUBAM 3aady ¢ TOYKM 3PEHHs CONYTCTBYMHOMIeH cu-
cTeMH orcueTa, BpoguBmuiica mM BpeMeHHOH mapamerp o0T-
JUieH OT OPEMeHeHHOro phille; guddepennmanbuble ypaBge-
HEA OH IONydaa ¢ OOMOHIbIO paHee cOPMYNHPOBAHHOIG MM
ke WHBApHAHTHOrO BapHanuoEHoro opuuouma (cM. § 31).

0. Uasapuauntsocts ¢dasel cseTa. OTpasme-
HAe oT JBHMyuerocsa gsepraxa JlaBaewme
cseTa, B § 6 us rpeGosanusa urBapuantaOCTH (ass cBeTO-
BOii BOJNHBI OBLIM TMOJYYEHB peNATUBHCTCKUE (DOPMYABI AAA
agpperra Jonaepa u aGeppaumn., OGocHOBaHUE YIOMAHYTO-
ro TpeCoBaHHA HeIOCPeACTBeHHO clenyeT u3 Qopmya mnpe-
ofpasoBaBmna p#is Hanps:xensocTell mossi. Ilockonabky dasa
nAockoOd BOJRBI ABIgETcs JuHeiinodl ¢@ysrnued npocrpas-
CTBEHHO-BPeMEHHBIX KOOD[UHAT, ee MOKHO 3amucaTh B BHJ®

(251)



§ 32. HPUMEEEHUA K COEUHAJBIBIM CIHVIAAM 133

CKAJAPHOIrO0 NPOH3BEJCHUS:

—vt+ (kr)=laz', (252)
roe li— vermipexmepurli Boauosoli BexTop m k — Tpexmep-
gBId BOJIHOBOI BEKTOD, HaupaBJeHHe KOTOPOTO COBIIAfaeT

¢ HOPMalbl0 K BoJHe, a seaudusna passa 1/A. Ecam, B wact-
HOCTH, HOPMAJb K BOJHE napajjiefibia HIOCKOCTH XY, TO

L= (—V— cos a, -~ sin a, 0, Il) (252a)
c [ [

B saryyme L ects mynesoii sexrop. @opuynst npeobpaso-
Bamua (19) u (16) § 6 momywarorca Hemocpemcrsenno. Ha
ocgoBanun coorHomenui (204) omm MoryT GHITH [OIOTHEHEH
dopMyaoil mpeobpasosanus s ammianryasr 4 [15]

Al = gl Prosa (253)

Vi—g
YunteBan Taxie mpeoGpasosanue ofbema V, orpaHndu-
Balowero ¢ GOKOB KOHEUHEIA IyT BOJH:

y v Yi=F

=" T"PBcosca’

(254)

HAXOAuUM AN monHo#l smeprum E =1/34%V cunora dopmyny
(299a) [15]. Us cpasrenus ¢ (15) mbl BUAHM, 4To BHEpPrHA
¥ aMIINTYAa mpeo0pasyloTca TOYHO TaK jKe, KAK 9acToTa,
a obbeM npeoGpasyerca ofpaTHbiM 06paszom:

£ . 4 =—‘;l; Vvt = Vv, (254a)

VoW Y

IlepBoe m3 artux coormomenuii ditmmreitn [15] orTmeua-
eT 0co00; ¢ HUM CBA3aH 3aKoH cMmeulenna Buma.

B recnoii ceasu ¢ Qopmynamu npeoGpazosanusa Als da-
CTOTHl ¥ HALNPABJICHNA IJIOCKOH BOJHLI NPW MEpPexofe K [BI-
Hymeiica cucreMe oTcieTa HAXOHATCA 3AKOHBI OTPAJKEHHA
cBeTa OT [BILRYILErocs 3€PKajia, KOTOpPoe CUHTaeTcs HAealb-
HO OPOBONANMM H INOCKUM. OTH 3aKOHBLI MOTyT OBITh, oWe-
BHJIHO, CBEJeHb! K 3aKOHAM s HENOABHMHOTO 3epKajia my-
TeM BBefenns cucrembl X', ammmymeiica ¢ aepragom [15].
M B aT0M cnyuae TeopHs OTHOCHTENBHOCTH MOKeT BHECTH
HOBO® TOJBKO B OTHOHIEHIH CaMOrO BLIBOJA, HO HE €ro pe-
syasraros *), QopMyasl crapoit Teopum sfech fake CTpo2o

*) IlogpoGuoe oGcyskeHnme SaKOHOB OTPAKeHHA OT NBUMYMIEro-
€1 BepKaJia, MOABMBLIEECA [0 YCTAHOBAGHHA TEOPHH OTHOCHTEALHOCTH,
CM, B paGorax [159].
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CIIpaBeJJINBLI, TAK KaK pCe BXO/JAIINE B HUX BeJHYNNLI H3Me-
pAITeA MacmTadaMu m 9acamu 00HOd w TOU Jce cHCTeMEl OT-
cieTa H, cJAefoBATeNbHO, JIOPEHNEBO COKpAIEHNEe U 3aMefJe-
HHE XORa 9acoB HE MOrYT NOBJMATH HA PE3YJNBTATHI paciera.

O6osmadnm o) 1 oy m3mepennbie B cucTeMe K yrisl Mesk-
Ay HOpMaJAMH K najfamomeil m oTpa)KeHHON BOJHAM H CKO-
POCThIO sepﬂana,a; H oy — COOTBETCTBYIOIINE YTIBI B CHCTE-
me K', vi 1 vg — wacroTsl majaiomeil n oTpakeRHOIl BOJH B
Kn "1 = v; = v’ — coorBercTByWOIMe gactoTel B K'. Ecim
3ePKAT0 [MBIVKETCA NAPaJIeJbHO €ro IMJIOCKOCTH, TO oc; =
=28 —og,u 13 (15) & (16) caegyer, uto u ag =21 — o
u v ==v;. Takum o6pasom, B 3ToM cilyyae 3aKOH OTPayKeHAA
He OTAMYAaeTcA OT BaKOHA OTPAKeHHsa JJIA HeNOABHKHOIO
seprana. OTciofa fCHO, YTO MHTEpec NpeAcTaBIAET  JNINb
KOMIOHEHTA CKOPOCTH 3€pKaja B HANpaBICHNH HOPMAIHd K
Hemy. IloaToMy pasee MBI MOKeM NDPHHATH, 9TO 3epPKAJO
JBHKEeTCH HODMAJbHO K ero co0CTBEBHOH MIOCKOCTH; CKO-
pocTs sepKaja v OyAeM CIHTATh HOJOMKHUTEJNHHON B HAmpaB-

7 7
JeHNU BHYTDEHHEH HOpDMAJU, Oy H O, TAK jHe KaKQ; H U,
CYThb TeIeph YyIJH NaJeHus H OoTPaKkeHUA M, 09eBHIHO,

’ . ’.
O.'.2=J'E-—Ocl.

Ws (15) u (16) caeayer, uato

vo(l—Bcosas)=v,(1—Bcosa); (255)
vesinag =v;sinoy; (256)
n—o a
tg——* =i—i—-—gtg - (257)
Hauxee,
cosa, — f cosa, — P
1~—Bcosoc1=-1-—f3cosa2 ’

OTKy[la MOJy9aeM

_ (14 pYooso — 28
1—2pcosa + B° @7a)

1 — 2B cos o, -} B*
v=v | (258)
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Ogens m3amaElt cmoco6 BhBOZA 8THX POPMYT HpeRIo-
mun Bafitmen [160]. Uto6s moayants B K’ hasy oTpamen-
goil BonEH m3 (haspl Dajamomel, HYKHO IPOCTO B3aMEHUTH
z’ Ba —z’. OTo ecTb BMeCT® ¢ TeM 3ePKANbHOe OTPAIKEHUe.
Yro6sl monyunTe HCKOMoe mnpeoGpasosamne B K, mymHO
cmepsa nepefita k cucreme K’ myTem MHHMOrO moBopoTa Ha
yroa +¢ (cMm. (187)), satem momensaTs 3Hak y r, mocie de-
ro ¢ NOMOMmBI0 IOBOPOTAa Ha —@ BEPHYThLes B cmcreMy K.
9ru onepayuu sK6UEALEHTHEL 0HOMY 6PAWEHIIO HA Y204 2¢
u nocaedyowemy oTpalNcenlio ocl X,

Ecan mono:xuth

tg 20 =iU/e,
0, coraacuo (187),
2:%
U - c2+ 02
148
1—p*’

I mepexof OT (IPeAaMeTay K «m306pasKeHnIo» B ABHKYIIeMEA
sepKalle ocymiecTBAsfeTca mpeofpasoBaHmeM

§
28 Y

€08 2¢ = sin2¢ =i

- _ 2, 2 2
7= — z—Ut =_c2+v2x+ 22cvzt;
V1_02/02 ¢ —v ¢ —v
t—U)D e E4o? 20 (260)
= = 4 Ze

= Vi———U2/cZ—02—V2 —02_02

Ogma ToYka MNBIIKYIOErocs BsepKana, AIA KOTOPO# & = vi,
npeobpasyerca cama B cefs (¥ =z, {=1); ecam npegMer
ABHMKETCA C TOHl K@ CKOPOCTBIO, UTO W 3epramno (z =vi+a),
TO TO 3Ke CaMOe HMeeT MEeCTO B OTHOINCHUN W300pasKeHus
(¥ =vf+a), kax a70 1 gomxBo GiTh. V306paenne Towwm,
noxosmeiica B K, aeumkercst co cropoctbio U, KOTOPYIO MOK-
HO TaKKe HOTYYNTb ¢ NOMOIIBI0 TEODEMEBI CHOMKEHHA CKO-
pocreit mua cryuas caomerus v ¢ v. Qasa BOJHE, OTPasKeH-
HO#l OT FBUKYIETOCs 3epKala, HOJYIaeTcsi HENOCPeNCTBEOHHO
u3 ¢assr magaomeii Boansl samenoit (260), a cooTHOmeHms
(257), (257a) m (258) moryr GsiTh 3ammcams! B BUe, CO-
Bepmenno anajornynoM dopmynam (16a), (16) m (15), ecan
6Ime 3aMEHUTH ¢z Ha 7 — g, BCIEJCTBUE OTPAKEHHA OCH I:

_az_ 1+U/C
¢ ¥V 1=Ul

dl'

T
tg 35

tg (257")
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cosa, ~Ulc

cos (TL - az) = r__—(fjma—l'; (257’&)
A —(U]c)cos o, ,
'Va-—‘-‘ \1—_17—1_—;,_[]?/7‘ (258)

Bapmuax [121] nntepmpermposan otm PopMyIdEl € TOUKH
apennsa reomerpnu JloGauescroro — Bonpn.

Coornomenns (254a) mossonsIOT cpasy HallTm ma3Menenme
aMINTHTY/(Bl TPH OTPAKEHHMA 0T ABIUKYINErocs 3epKaia:

A 1 —2p cosa, + B2
=1 A =4 1_521

2
PasmocTr Me;uny BHXOfAmMed 1 BXofAmell B eiNEANY BpeMe-
HN uepe3 EJHHONY NOBEPXBOCTH SHEPIHAMH JOKHA OHITH
paBEa pa6oTe pv CBETOBOrO [ABIGHNs p B eJUHHUNY BPeMeHU
([15], § 7). Orcioma ompepenseTca p, KOTOPOE OKA3LIBALTCA
COBUAJAIOMIEM € HOJAYYeHHHIM [0 TEOPHH OTHOCHTENBHOCTH
(cos o, — B)?

1—p?

asnerme csera ectTh muBapmanT. B § 45 Gymer mowrasa-
HO, 9TO BTO COPABEIIHBO JJIA II000TO AABJICHNA.

e. lanygenne asumymeroca agunoxsa Ilo-
ne ocmmianaTopa Iepma comepskmrea B (244) Kak gacTmwbiil
caygaii, Ecnm orpaEmamThCs PaccMOTpEHNeM NOJAA B BOJHO-
Boit 3ome (T. e. Ha GOJBIIAX pPACCTOSHUIX), TO MOKHO He
TOJNBKO OTCUATHIBATL X; OT CEPeJMHBI NUIONA, N0 H [IPHHATH
4, PaBHEIM He CKOPOCTAM OTHENBHBIX 3apfAJ0B, & CKOPOCTH

[+

. (261)

™

p=A} = A2 cos?a’ = p', (262)

cepefnubl aunoaA. Ecan o003HAYATE V CKOPOCTH AMMOJNA, & V
ycKOpeHIe Kolefmiomeroca 3apsia B MOMeHT t—r/c; T u

A\
R=r—r - BEKTOPHI, OPOBEJICHHLIE COOTBETCTBENHO M3

TOUeK, IJe 9HJEKTPOH HAXOQWJICA B MOMEHTH (—r/c m i,
K TOYKe HAONIONEeHHA; T| — equAENYnHi Bektop r/r; R —
pexrop R/R =1 —v/c m 6 — yroa Me;szy v H I, TO C yYeTOM
(241) momyqnm

e

= e’ (1— P oos0)

s {(r V) Ry — v (Ryr)} =
i [r; [R];']]v (263)

= 4nc’r (1— P cos )

{004 forg) = B

e
" 4nc’r (1 — B cos 0)°
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Teopnsa OTHOCATEABLOOCTH M103BOJSIET MOAYIUTH 3TH (hOp-
MyJbl, BhIBeJeHHse cHauana Xesucaiigom ([161], a ramme
[132], § 14, c. 180), a sarem nompoGuee AbGparamom [162]
genocpeficTBeHHo H3 dopmyanl 'epma giaa noiad nokosniero-
ca punoas, IIpocrefimuit croco6 cocTouT B TOM, UTO criepsa
no mpumepy Ilyanxape (cm. [14], Rend. Pal., § 5) yGespa-
JOTCA B COXPaHEHHH H B [IBIGRYINeiica cucTeMe OepHeHTUKY-
aspeocta E u H n ramporo ms mux ¢ r;, a TaKe B paBeH-
¢TBe HX 3HAYEHWH. ITo 0GCTOATENLCTBO MOKHO BHIDABHTH
¢ TOMOIIBI0 HHBAPHAHTHHIX BEKTOPHEIX ypapHeHHI

B * R

FihX =O; FihX =0,
3aTeM HY;KHO TOIBKO BBIYUCJIHTEH IIOTHOCTH SHEPIHA C MO-
Mompio popMyn mpeoOpasoBaHusA [JIA TeH30pa Su.

BrlupenenneM ¢ TOYKM 3peHHsS TEOPUH OTHOCHTEILHOCTH
EMIOYJIbCA M SHEePrud H3IYICHWA IBIKYINErocA QHMONA 3a-
pomanca Jlays [163]. Ypasuemms (228b) ocrawrcs sgechk
COpaBeIMBEIMA, TaK KaK CYUecreéoéanue BOIXHOBOIO IO
He 3aBHCHUT OT Hajimuua 3apagoB. Ilpm ydere saMepgnenus
BpPeMEHN MONydaeM OTCIOJa BHIpAKeHHMe [iA DHEPIUH, U3IY-
gaeMoil B eHHUIY BPEMEHU:

—dE/dt = —dE’[dt’.
B nmoxosameiicst cucreme

_GE e

at 6rc® !

g ¢ moMomsio GopMys npeoGpasosanna ansa yckopenus (193)
moJnygaeM cpasy
dE e v Uf, + ;’3

T Tl | TopP T =

& 1 (v;l)

— 2 .
vl {” T EC 62)}’ (269

B corjachg ¢ BolunmcaenmaMm AfparaMa, OCHOBaHHBIMA Ha
none supa (263). Manygaemasn sHeprua aJfuTHBHO CKJajbI-
BaeTcsg M3 9YacTeil, CBA3BAHHEIX C NPOROJIBLHOR H DOUEPeYHOI
KOMIOHEHTaMHI V.

. Ecam paccMaTpEBaTh Npomecc ¢ TOUKH 3DEHAA CHCTeMB!
K’, 10 oraspiBaercsa, 9TO CKOPOCTh [UIOJA B Pe3yibprare ua-
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AyueHns He MeHseTcA, ocrapasacs B K’ pasmoit mymw. Onna-
KO BCJE[[CTBHe UHEPHVH 9HEPTHU SaKOH COXPAHEHHA HM-
Iynsca, HECMOTPA HA @3ilydeHHA mMoyasca (264), me Ha-
pyuraerca (cm. § 41).

Q Peaxums m3anyzenma. Ecim B paccmarpusae-
mbii MoMenT v=0, To cmra peaKoEm H3NTyYeHHUA paBHA
([132], § 20, c. 190, ypasmenne (74))

PLI

K—6—~Va

Jlaya [163] m AGparam [164] mesaBmcmmo apyr or npyra
HONY4YHAN OTCIOfa npeoGpasoBaEmeM Jlopennma BEIpaskeHHe
IAA CHJBI Peakiud, AelicTBYWIIed Ha ABIKyIuiica 3apaf.
Jna storo myxHO cormacHo (219) Haiitm Takoii Bexrop K,
TPH OPOCTPAHCTBEHHBIE KOMOOHEHTH KOTOPOro miasa v =0
COBANIAIOT ¢ NIPHBENeHEEIM BHMe shpaemmeM mix K,
a 9eTBepTas KOMIOOHEHTA paBna Byno. [laa eroid meam npen-
HOJOKEM, YTO

2 /g2
Ki = 6; ( u; + aui) (265)

i ompeflennM o u3 yeaosns Kut=0.
YunreBaa (159) = (192), maxopnm:

o= —urllh A Trd (266)

a, TAaKEM 00pasoM,

92 1 it ’ 3(vv
Bnci 32{ TV ( + 2(1

57y <

3 (vv)

[(VV)+ 20— )]} (2652)

Adparam [164] moxasam rakske, uro murerpax ot K mo Bpe-
MEHH H3JYyYeHud paBeéH HMIYJILCY H3IYIY€HHOIOQ cBeTa,
a TaKme 4T0 mHTerpan mo BpeMenm or (vK) pasem manysen-
noit sueprum, Ilpm runepGonugeckoM amsxernm K mcuesa-
eT, KAK ¥ JOWKHO OHITH, TAK KAK B 3TOM CJaydYae HEKAKOLO
H3dydeHNsa HeT (CM. BhUOIE, O. {)).
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§ 33. ®enomeHonorNIECKaA INEKTPOMHAMHUKA
aBKyuuxea tea MunKoBckoro

Vpasrennsa nmoas (203) m (208) smexrpomHOll Teopmm
OpEHIANNATBHO IO3BOMAOT OTBETUTh HA BCE BOMPOCH DIEKT-
pONEEAMHEKN JBWAYymuxca Tteda. OjHAKO M3-33 HECOBEPIICH-
¢cTBAa HAIIAX 3HAHHH O CTPYKType BewecTsa MpefiCcTaBIAeTcs
TaK/Ke OIPABAAHHBIM HOCTABUTL BOIPOC O TOM, ITO MOMKHO
cKa3aTh, NCI0JAb3YA NPHUHIHEN OTHOCHTEJIBHOCTH, 0 MAKPOCKO-
OUYeCKAX OPOIeccaXx B ABIMKYUIAXCH TenaX, ecid IPONeccH
B NOKOAIZXCHA TeJaX CYATATh M3BECTHRIME W3 onmra. Ha
aror Bompoc orserma Muuxosckmit ([64], II)¥), moxasas-
mmi, 9To M3 ypasHeHmi Maxcseanma gjaa HEOOABUFKHBEIX Tel

1 B

rotE+—E—5t—=O; divB =0; 1)
rotH——2=7J; divD=p; (G)
D=¢E, B=pH; J=0E (H)

7 NPHHIANA OTHOCHTEILHOCTH ONHO3HAYHO CJAGAYIT YpaBHe-
HAA JJiA IBIRYIMAXCA Ted. AHAJIOrmIHO TOMY, KaK 9T0 hexa-
eTCA IPA YeTHIpexMepHOil (OpMYyIMpOBKe ypaBHeHHH dJIeKT-
POHHOH TEOPHH, CHEPBA COeNWHAIOT YPABHEHHs, HO CONepHa-
1qEe ITOTHOCTH TOKA W 3apsAja, a 8aTeM yiKe OCTaNbHBIE. JTO
coeflMHeHNEe [AaeT MOBOJ BBecTH /iBa OmBEKTOpa

(Fa1, Fao, Faz)=iE; (Fa3, Fa1, F12)=B; (267)

(Hy, Hyg, Hy)=iD; (Hysy Ha, Hiz)=H (268)
‘B 9eTHIPeXMEepPHEI BEKTOp

(L B B)=J j=ip ‘ (269)

¢ COOTBETCTBYIMUME (popMyTaMn HpeobpasoBanud

’ r (B4 (1/)[vB]),
Ey=E;, E,= — — %
b= e Vi—g
4 ’ B_ 1 E
Bl] = Bll’ Bd, = ( (/) v ])é‘ (267&)

Vi—gt '’

14 ’ D 1 H
D), =Dy, D4>=( +(1/e) [v ])L;

Vi-p

*) Cm. Tage B paGorte [165] BLIBOM, B KOTOPOM HE HCIONB3YErcA
TEH30pHOE MCYUCICHHE,
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(H—(1/c) [VD])L.
Vi—p
’ Jy - ﬁP ’ p—(i/c) (VJ)
_ Sy o o=
J”‘—V1——ﬂ2' ng_Jd;! p Vi-—ﬂz - (2693)

H; =H,, H,= (268a)

Ecau B K’ MaTepna NOKOHMTCH, TO V eCTh CKOPOCTH MaTe-
pun B K (B oramume 0T CKOpOCTH BJIEKTPOHOB u) m B = v/c,
Ypasrerna (F) m (G) coxpamsorea m Ajna [ABIKYMAXCA
Tell, IPUYeM BAMACLIBAIOTCA TaK:

Oy Oy Oy

ozt o ozh

R

)
(mm COOTBETCTRECHEO — =0); (270

OH™82* = J', (271)

Omm cTporo cmpaBefamBEI TONBKO [Nl PABHOMEDHO BUIKY-
MUXCA Ted W, BCAENCTBHE AaANUTHBHOCTH NoNell, Taxme npH
HaJlHIAM MHOTHX TeJ, ABMIKYWUXCHA PABHOMEDPHO C PasAuy-
HbIMU CKOPOCTAMH W pasfeleHHHIX BakyymoM. CTemens Todu-
HOCTH, ¢ KOTOpoil cmpasefnusn ypasuemma (270) m (271),
BooGme roBops, TeM Goxbiie, dYeM MEHBIIE YCKODeHHe
MaTepuu.

Yro xacaercs $m3EIeCKOro CMBICHA BXONAMAX B HAX
BeJIWYNH, TO HY;KHO cKa3aTh, uTo E n D (unm B w H) B na-
KYyMe eCcTh CHJBI, JeACTBYIOIINEe HA €AMHATHBIN, MOKOAIIMIi-
e B K onexTpudeckuit (unm MArHUTHBIA) TOMIOC; B MaTepu-
AJBHEIX TeJaX CMBICH 9THX BEKTOPOB He CTONb 0ueBujeH. [la-
Jee, J m p m B cucteMe K ciefiyeT CIuMTATh NJIOTHOCTAMHA TO-
Ka 1 sapsaga. OcHoBaHHEe K BTOMY Mbl HOJYYHM B HEOPOBOJ-
Buke, rge J' =0, menocpepcrsenno m3 (269a), Tak Kak Tor-
ma p=p’/V1—p?% rak uro de = pdV — mmpapuant, a J =
= pv/c comamaer ¢ TokoM KomBekuum. [{anee, J' ynosaeTso-
PAeT YPaBHEHHIO HempephIBHOCTH

alifdz' = 0. (272)
ITosroMy J Bcerpa ecTh cymMma TOKa OPOBOAUMOCTH W TOKa
KOHBEKIIMH, a 0 — IUIOTHOCTH 3apafa.

Buecto E u H ypo6uo Beectn usmepsemwvie ¢ K cunnt
E* m H* peiicTBylomme Ha eJIUHBUHBIA DICKTPHIECKHUI
WM MarHEUTHBIH NOJIOC, JBIGKYN[UNCA BMecTe ¢ MaTepueit,
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Cornacuo (213), (267a) m (268a) mouxyumm
E*=E+ -~ [vB, I*=H-—1{D]. (273)

B npormeomonoxuocts E m H 3Tm Bekroper mMeloT HENO-
CpeACTBeHHbIN (PU3MIECKNHil CMBICT W BHYTPH Cpenl. Y paBHe-
paa mouns (270) m (271) Takke IPHHIIMAIOT, IPW BBEJEHAN
pexrropoB E* u H*, npocrywo u maraapeyo gopmy. Ecim A
eCTh MPON3BONLHEIN BEKTOP, TO omepamus A MosKeT OHITEH OIl-
pefelieHa Tak:

d ¢
-d—thnda =f§_ndo, |

mpaYeM MHTETPAPOBAHME MPOBOAMTCA NO COMYTCTBYIOMEH Ma-
repnm nosepxuocTd. Orcoga (cm. [166], § 4, c. 78, ypasme-
gz (12), (13))

A = 0A/8t + v div A'— rot [vA],
n ypaBHBHEH moJAa MOTyT GLITB 3a0ACAaRLl B BHAJAE

rotE*:—%_I}, divB =0,

. ' @74)
rot H¥ = *;'_l:_)"“" Jc’ divD = 0y

rae J. — TOK HIPOBOIMOCTH:
J=pv/c+]. (275)

Vpasmenns (274) no3BongioT cpasy e IMepedTH K HH-
rerpanbuoit gopme ([166], V, 13, § 6 m V, 14, § 33)*). Us
dopmyn mpeoGpasosanus (269a) caexyer, uto pasdesenue
TOKG HA TOK NpPOGOOUMOCTU U TOK KOHEEKUUU He ABASLETCH
nesagucumuly or cuctemvt orcuera. Jaxe ecau ¢ K’ naor-
HOCT® 3apada pagha HYAH U UMEETCA TOAbKO TOK npogodu-
mocru, 7o 6 K umeercs naornocre 3apada, a caedosarenvho,
u rox roneekyuu [167]. CoorBercrByilomme gopMyIs mpeod-

*) YoorpeGasemsle TaM Benmumenl E, H' mpemtHuss ¢ mamm-
mz E* H* a ypasmemms (III’a), (IV’a) cormacywrtca ¢ (274). Xora
ypasgerus (I1II"), (IV") paBrocausEEl ypasreruaMm (F), (G), Bce
me sasmcaymocts H m H’ y Jloperma mmEas, 9eM Ta, KOTOpas JHaerTcs
BTOpEIM u3 cooTHOmenmit (273). Hauporus, E y Jlopenua coBmagaer
¢ mammM [cp. (106), loc. cit., ¢ nepseiM ypasmenuem (273)]. Cm. Tax-
ﬁe §Y9MHHK0BCKOI‘O cpasmEenne ero Qopmyn ¢ noperuesmvMm ([64],

» § 9.
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pasopamms moaytawrca ms (269a) n (275);

4

Ty = 20 = Jea = Jeay (276)

T Vi-g
p';pVT:_[ﬂzlg—?}cz—z; p=i'17J2(—_c_ﬁTJél (277)

(06 amexTpomHmO-TEOpeTHmIECKOM OGOCHOBAHAE BTHX (opMya
eM. B § 34).

Ypasrenna (F) m (G) mnm (274) ofpasywor anms myec-
TYI0 CXeMy f0 TeX IOp, NOKA He BBeleHH COOTHOLICHHUS, yC-
TaHasamBaonire ceasp memay E*, H* w D, B. 3rz coortrO-
UIeHAST HAHAYTCS, eclHU NPHUBIEYb eIle He WCIO0JIL30BallHLIe
ypasmeuna (H). Hs (267a), (268a) = (273) cpasy mo-
ayzaeM

D-- % [vH} = ¢ {E + —1' [VB]} = eE¥; (278)

B ——% [VE] =p {H ——(1:— [vD]} = pl*,

Paspemennsle ornocutearso D w B, stm ypasmenma nocne
uckiawienus E* o H* gawor ‘

o e(i—ﬁz)E—{-(s.uw—i){[_vc_ H]—e_j.({_ E)}

1~ epp® '
{1 — p2) H — (et — 1) {[% ] (_:; )} (278a)

1 — epp?

n[4

B=

a mocie uckiaodenna E a II ¢ momompio (273):

o= (2w} - L
D= c\e c )
{— 13’2 ?
ofne 2 ()} L ey (278b)
B = ¢ ¢ | ¢ . .
1—p*

Hna nemasuurnwiz ten p =1 @ aTm ypasHenua ¢ T0Y-
HOCTBIO (0 4ieH08 nepeoeo nopadka cOBOAJAIOT € YKA3aHHOI
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Jlopennem cBs3pio Meskgy D m B m ero senmunmamm E’
n H’, coorBerctByomumu pampnm Beangmpam E* m H* *),
Huddepeunuansaan gopma saxona Oma s ABIKYMAX-
cA Tel moaydaerca m3 mociegmero ypasuenus (H) -asamo-
raaro (278). Corxacmo (276), (267a) m (273) umeenm

Jy=0VI=FE} Ju= T/TEE* (279)
AJIA
g - v v o

Qopumynsr npeobpasosanus (277) MAaA OIOTHOCTE 3apaAfa
MOKHO TeIephL 3a0ucaTh TAK:

p’—{—o(_%-E’) p’+o(..c';.E*>
TV T Viee

Oaa ypasmenmit (278) m (279) Mumkosckuli mpeprto-
JRII 4eThIpexMepHyIo gopmy sanucu [168]

Hyot = eFyoh; F wh = pHopvh, wim Fyv +
+ Froi + Frvy = p (Hvy + Hpvs - H o) (280)

(277a)

u
Ji+ (vt vy = ~cF o, (281)

rge v* — KOMIOHEHTH! YeTHIPeXMEpHOfl CKOPOCTH MATepHH.
Jlnsa mokasaTedbcTBA COpABE/UIMBOCTH 3THX ypaBHeHAH HYX-
HO TOJbKO IIOKA3aTh, 9T0 B CONYTCTBYIOIIEeH MaTepu® CHCTe-
me K’ onm mpunumaior sux (H); B aTom anerxo yGegmrnes.

Haxpmoe u3 Tpex coormomenuit (280) m (281) mpeacras-
aser coGoil cmeTeMy deThipex ypaBHemmit., UerBeproe ypas-
HEeHIE [PH 9TOM €CTh CjeACTBHe OCTAJNBHBEIX, TAK KAK €CIHH
ymuoxruts (280) u (281) cranapuo ma VY, To ofe wacru
TOKIECTBOHHO PABHEI HYIK.

TI'panuunble ycaosus moTyIaloTCsa € HOMOIIbI0 mpeofpaso-
Bapusa JlopeHma M3 rPAaHHYRBIX YCIOBHH JJIA HOKOAINUXCA
tes. Ha rpaEnvB0ii IOBEPXHOCTH JABHIKYINErOCA TeJI& TAHIEH-
n@anbnble koMuonenTsl E¥ nm H* m mopManbEble KOMIOHEHTEH

*) H. A. Lorentz [166], V, 14, § 45, ¢, 277, ypasuenne (XXXIV”),
Jlns memarnmrTEBIX Tex mo Jlopermy

= II = H’ 4 1/;[VE]
{(ep. loc. cit., (XXX'), a raxxe § 42).
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B pmomxmsr Geith BenpepuBHBL IIpm aroM, ogHAKO, Opefrmo-
JaraeTcs HENPEPHIBHOCTH v. B ciyuae Teaa, rpammdamiero
¢ IyCTOTOH, CIIPRBEMJIMBEL T€ Ke YCIOBHA, eclid B BBIPaKe-
nun (273) mua E* m H* cpenars ofuEakoBEIMH CKOPOCTH
¢ obeux cropon rpaHnubl Teja, ViMeeT Takyke MeCTO COOTHO-
wersne D, — D, = 4nw, rie © — D0BepXHOCTHAA MJIOT-
HOCTb JJIeKTPHIECKOro 3apajia. ITH YCJIOBHA IMOAYYaKOTCA
npamo u3 (274), eciau morpeGoBaTh, 4TO0B IPOUSBOAHLIE IO
BPEeMEHH OT ONNCHIBAIOI[UX MOJA€ BelIWImH i KaKoi-inmbo
TOYIKY CONYTCTBYIOWe#d Marepuu (STH POM3BOJHDLIE HAXORAT-
¢ ¢ moMoubio omeparopa 9/0t + (v grad)) Obuim KOHEUHH *).

Tax :xe Kax ypasHernsa MUHKOBCKOrQ moaydanTcs H3 CO-
OTBETCTBYIOIOUX YPAaBHEHHH A HEOOABMIKHBEIX Teld ¢ IO-
MoImbIo mpeobpasosamuit Jlopeuna, npeoGpasoBamus Iaxm-
aea cornacao ®Ppamxky [170] mpusogsr **) K ypaBHeHEAM
teopun 'epma [171]*%**),

§ 34. BriBon MarpoCKommMYECKUX ypaBHeHuil
H3 DIeKTPOHHOIl Teopuu '

IlockonbKy ypaBHeHHA DIeKTPOHHON TEOPHH KOBAapPHAHT-
HEI OTHOCHTENbHO rpyIns JlopeHAna u [iid HENOABIKHLIX Tel
HPHBOZAT HNPW yCPeJHEHMH K ypaBHemuaM Makcsenana, oHE
MOMKHBl [JIA [BIMKYIIAXCA TeJ OPUBONHTH K YPaBHEHUAM
Musxosckoro. Bopu [171] (cm. Tarme [172]), ocHoBHIBasfch
Ha BalHCKAaX, OCTaBIeHHHX MHHKOBCKEM, [elicTBHTEXHHO
CMOT 3T0 DOKAa3aTh, OPHYEM OH pPACCMATPHBAN [BUKeHuUe
dJeKTPOHOB KaK BaphHPOBaHHOE ABMKeHHe Marepmu. V3 mep-
BO BapuaLNu DOJNYYAeTCs BJIEKTPUIECKas NONAPH3AnUdA, H3
BTOPOH — CHeAyoINas dYacrTh AeKTPHYECKOdl [oaspHsanuu
U MarEATHAA LHOJTADPH3AUUA.

Ocrapanocs BeisicEuTs, moueMy Jlopemm ([166], V, 14,
ra. IV) mpummen Ha ocHOBe 2IMeKTPOHHOH TEOpHH K ypaBHe-
HHUSIM, OTIHYHLIM OT ypaBHemuié MmHkosckoro. [[ns Hemar-

*) I'paEmaHBle ycJaoBUS B aleKTpogunHaMmke MuHKOBCKOro pac-
cMoTpeHHI B pagorax [169]. ITo atomy mosony cy. Tamie [IL4*% ra, T7;
377*—379*].— Hpumeu. ped.

**) 310 yTBepikjeHue Herouno, lcmonn3opaEme mpeolpasoBammit
Tanunes npusoguT X ypaRHeHUAM, OTIAYAKINUMcA OT ypaBEeBnid [ep-
1a HPOCTPRHCTBEEHLIME NPOM3BONHBIME OT CKOPOCTH. ¥CTABOBJICHHEIQ
B § 33 denoMeHOJIDIHYECKAE COOTHOINEHAS TAK/KE CLHPABEAJIHBEL JRLIL
¢ TOYHOCTLIO IO OPOCTPAHCTBEHEHIX NPOU3BOSHEX OT CKOPOCTH.

*#*) B [171] BmBOZATCA ypaBHEHMs MmOAs u3 00OCINEHHOrO Ba-
PHANIOHHOIO LPUHIIIA,
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HAUTHBIX TeJ, Kak moxasan eme ®. @paux [173], aro obmac-
HAGTCA TeM, 4To He ObLIO NPUHATO BO BHUMAHNE JOPEHIEBO
coxpamenne m saMeanenme spemennm. [enembGax [174] ecre-
cTBEHHEIM 06pasoM mpuEpan xoay paccyskgenmit Jlopemna we-
THpPeXMEepHYo (OpPMY, DPHMEHHMYIO IDPHATOM K CJIydYam JI0-
puix pBmmymuxca Tel. Temsop [y, ompejensiercss KaKk cpef-
Bee BHAUCHHE MUKPOCKONMYECKOro TeH3opa mojs Fi, BEKTOD

roka J'— Kark cpefmee sHauesme shiparkenus (1/¢)pguc +

+ (1/c)puk (mmpmexcet C m K CcOOTBETCTBYIOT BIEKTPOHAM
JpPOBOLEMOCTH M KOHBeKIHOHHHIM 3apafam). CpepHme 3HA-
qeHAA DPACOpPOCTPAHAIOTCA HA «(pua3maeckn 06CKOHEYIHO Ma-
aeiiy 00beM uwersipexmeproro Mupa. CorinacEo (208) peus
mfeT TIABHBIM 00pasoM o ToM, 4TOOBI HAliTé cpefnee sHade-

EHe MNONAPH3ANEOHHOr0 TOKA Pykp. IlyTeM paccMoTpeHns,
BOOJHE AHAJOIMYHOI0 OpoBefieHHOMY JIopeHIeM, HO ¢ same-
HOi Be3[le NPOCTPAHCTBEHHEIX ofigacreil MEPOBBIMH, MOKHO
DOKa3aTh, 4TO

o = M *] oz, | o (282)
rape M* BHAYame ompejeneno COOTHOMEHHEM

M* = po(xiuh) b

ITockonbRy, OfHAKO, CPefHAE 3HAYEHUA BeIHYNH

portut + pyriut = po% (z'z*)
PaBHEI HYIIO, MOXHO NOJOKETH

M* = % o (xiuk — 2kui)p, (283)

Ecnm onpedeaurs remepy H* coormomenaamm
H* = Fix _ Mih' (284)

T0 (271) monysaerca m3 (208) myrem obpasosanmus cpefs
Hero sEauennsa. Ecnm cKopocTh 3MeKTPOEOB NOJAPH3ALEA OT-
HOCHTEJIBLHO OeHTpa Macc MOJEKYAB Majda 0O CPABHEHHIO CO
CKOpocThIO cBeTa, TO Gusexrop M., paBen:

— iP
(M4, M, M) = — =1 .
: = Vi (285)
(M2, M3t M12) — #}“2_2’
1— /¢

10 B, Naynn
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rae P 1 M — onpenensemble o6nraabiM cxoco0oM 9JIEKTpHIE-
CKag molnApm3anis ¥ HaMarEUYeHHOCTD:

P=N e M=NDelrd]

(cpenume Gepyrca mo Bpemenm, N — 4mcao MOJeXyn B efu-
Hune o0beMa, U — CKOPOCTh BAEKTPOHOB, CyMMa X pPacupo-
CTpameHa Ha BCe DJIEKTPOHBI MOJEKYJIHl, U — CKOPOCTb Belle-
cTBa).

Onpemenenme H™ (cm. (284)) ¢ yzerom (267) m (268)
TOrfla TaKOBO:

D=E+P, H=B-M. (284a)
N3 (285) cnepyior dopmynsl npeoGpasoBanus

’ (P__i_[vM])
Pu =Pu, Pd!= i 4 ;

1/1 — v/t
(M + 1 vp )
[4
V 1 — v2/c?

Ecau ¢ cucreme K' saekTpuuecku HenoasapusosanHoe Teno
namazruueno, To 8 cucreme K ono, kpome 1020, sAeKTputecky
noaspusosano; ecau 8 K' nenamaenuuennoe reso noaspuso-
eano, 7o 6 K ono rakwme u mamacnuyeno (cM. Lorentz
[167]). Tarum oGpasoM, HEBO3MOMKHO ROCTATOTHO SICHO pas-
NUYATh DACKTPOHLI HAMATHUYEGHHSA W DIEKTPOHH (JIEKTPH-
YecKoil) MONApPW3ANUH, H MBI IOITOMY BHINIe H Te W Apyrue
HA3HBANI DICKTPOHAMHE MOJApH3AaEu. B cmpasegimpocTn
dopmya (285a) momo ybenuTbcs u 6e3 NpUMeHEHHs TeH-
30opHOr0o amanmsa, sa ocuose onpefienenns P m M, Ecanm cpe-
ia TAKOBa, YTO B comyrcreyiomeil cucreme K’

P'=(e~1)E, M =(u-1)H,

(285a)

L)

My =M, M=

TO U3 KOBAPHANTHOCTH 3TMX COOTHOIIEHHMH OTHOCHTENHHO IIpe-
obpasosanuit Jlopenma HeMme[IeHHO CleAyIOT TeH30DHEIE CO-
OTHOLICHHS:

Mt = —(e — 1) For®; (286)
Moo+ Muv, + Mav, = (0 — D) AH 0 + Hyvo+ Hyd,
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mepexofsmue B (280) ¢ momompsio (284). Bmpaskenna (280)
MOJKHO 3aMHCATh TAKIKE €Ile U TaK:

P— L vM] = (e—1) E¥%; (286a)

M+ -1 [vP] = (u— 1) H*,

Teneps 0CTaeTCA NHIIL TEOpeTHIeCKA 060cnoBaTH hopMy-
b33 Hpeoﬁpasonaﬂnﬂ IIOTHOCTH 3apAAa W TOKA NPOBOMIMO-
CTH. Ec.nnN+, — u+, U_ — uHCNA MOTOKATENBHBX W OT-
pULATENbHLIX TacTHI B eAHHUNe 06beMa W UX CKOPOCTH, TO
1o onpefenenuio;

’ ’ 7 ’ 14 ’ ’ r ’ ’
o' =e Ny —e N_; J.=e,Niuy —e_N_u_,
z B cacreMe K:
p=eN,—eN_; J.=e N, (u,~v)—e.N_(u.—v._).

Q o
Beegenwem cuctem Ki # K_, B KOTOPHIX MOJOKATENLHBIC
U COOTBETCTBEHHO OTPHI[ATeJBHGIe 3apsijbl HOKOATCH, HAXO-
UM € OOMOINLIO TEOPEeMBI CIIOMKEeHHAA CKOpOCTeil:

B
P e i Y D 7 o A
(u—‘)u_i,_}_(%z.u."l)’ (ll ‘)J: Uy = 1_*_(_0_2“'),

PIe HMHAEKCH OJIOC H MHHEYC ONYM[EHH, TAK KAKX Mg AOX

dopmynn onmmaxosbl. OTcloa 7 13 MHBAPHANTHOCTH 3apsaAa
; -

(e =¢’) caeayior cpasy dopmyan (276) m (277). B uacr-

BOCTH, TaKUM 00pA30M HOJAYIEHO SIEKTPOUHO-TEOPeTHICCKOC

ofpsiciieniie 3aMeyaTeJBpHOTO (paKTa MOABJENHA sapAja

B gsmmymemca nposopuuke ¢ toxom (Lorentz [167]).

§ 35. Tensop sHepPraI-AMIYAbCA

H NOHJECPOMOTOPHAA CHIA
dbeHOMEROTOrHIECKOil ANCKTPONTIAMUK,
JI:xoyneso tenio

ITpungun oTHOCHTENBLIOCTH [O3BOJASCT C/IeldaTh 00/1L03Ha-
Hble 3aKJIOYENNA O TEH30De DHEPrUH-UMIOYJbCa H TOHIEpO-
MOTOPHOM CcHJIe [UIA ABIIKYUNXCS TeN, eCHM U3BECTHHl COOT-

10+
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BeTCTBYIOIAE BHIPAKERHA AJA HenofgsmuHbX Teda. OTHoCH-
TeNbHO 9THX MOCHENHNX BHIpa)KeHHH pa3nUIHbIe aBTOPHI Jle-
Ja10T pasimYHble NPENoNO/KeHAsA, I BOIPOC O TOM, KaKme
U3 HUX NPeANoTecTh, He MOMKET CIHTATHCH OKOHUYATEIbHO fc-
HeIM. PaccMOTpHM BHauade 7T€ CIeJCTBHA TEOPHH OTHOCH-
TEJNLHOCTH, KOTOpDhie HE SaBHCAT OT cIeIuaibHOro Bbifopa
BBIDQ)KEHNH AJIA TeH30pa SHepPruu.

IlnorrocTs ameprum W, moTox sHepruu S, OIOTHOCTH HM-
nyasca g m KommoHenTH HampssxeRml Ty (i, k=1, 2, 3),
TAK K@ KAK JJaH OOAA B BaKkyyMe, COefHHHIOTCA B TeH-
30p S

Sik=_Tih p1g¥:+ i, k=1, 2, 3;

(S1a, Saq, Saa)=1icg; (Sa1, Saz, Saz)=(i/c)S; (287)

S44 = —W.

O cuMMeTpnu 3TOr0 TeH30pa BHAUaJNe HE feJaeTci HOKAKHAX
OpefloNosKennil. Y paBHEHNASA

f=divT —g; (288)

W[t +divS+Q+A4=0 (289)
OIpeleNA0T MOHAEPOMOTOPHYI0 CHIY W BaKOH SHEPrHHM TaK
e, Kax ypasmerns (D) m (E) B § 30. B ypasmennm (289)
Q ozHavaer IHOYIEBO TEMIO, BHIZEJNAeMoe B eINBHULY Bpe-

MeHH B efumEunne obneMa, m A — pafory, OTHECEHHYIO K eqn-
HHEOEe BpeMeHHD O o0beMa:

A =(Iv). (289a)

B cucteme K’, B KoTOpoil BemecTBO B paccMATpABaeMBIA MO-
MeHT mokomTcss, A mcuesaer. Ypasmenms (288) m (289) ec-
TECTBEHHO COEJMHAKITCA B YeTHIPeXMePHOe BEKTOPHOE ypaB-
HEeHHe

fi= — aSt/oxr. (290)
KHoMmmonentsl f; uMeOT TOr7qa 3HAYEHHAS

(fi, fa, fs)=1; fa={(ilc) (@ + A). (291)
Orciofa ciefyer, 9T0 37(echb f; He NEePUHEHRUKYIAPHO R v

ft = —Q/VI = B2 (292)

IlockoabKy mnpaBasg d9acTh STOr0 YpaBHeHHSA, TaK e KaK
o JeBag, ROJKHA OHITH HHBAPHAHTHOH, TO

Q=0Q'V1-p% (293)
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BeaeAcTBHe WHBaPHABTHOCTA YeTHIPeXMepHOro ofhema, oTa
¢opMyna COpaBejIMBa Takme [JA BCeH TeIIOTH, BHIEJeH-
goil 0P onpefeleHHOM IPOIECCe, B COINIACHN ¢ PENSTHBACT-
ckoii Tepmopumammrofi (cM. § 46). 3necs dopmyna (293)
ABJAGTCS CJIECTBUEM NPEeANONOKEHHsI, YTO MIOTHOCTD CIJIBI
Mo;keT OBITh BHIDAJKEHA Tepes KOMIOHEHTH BAIPAKeRmH n
OJOTHOCTH HUMHOYJNbCa TaK, KaK 9TO cfenano B QopMyie
(288), a TaK:Ke IHpeANONOKEHHWSA O TEH30PHOM XapaKTe-
pe Sie

To, uto fi'# 0, BemeT K cBoeobpasmoit ammemme. Ypas-
HEeHAA [BIMKEREA MOryT mMmers dopmy (221):

Ko dU{/dT = f{

TONBKO B TOM ciyuae, ecan (fi')==0, Tak Kax nesas 9acTs,
YMHO}KEHHAfA CKaTADHO Ha V', TOMECTBEHHO pPaBHA HYIIO.
Mo oxaseiBaemcs, TakmM o00pasom, nepea anbTepHATHBOI
JOMYCTHTH, 4TO AuO0 HecmpaseAnamso ypasHemne (290) mua
cHibl, au60 HecIpaseNInBH ypasHenna pAsmwemns (221).
Muaarosckuit ([164], I) Bcran ma nepswit nyrs. Om Bejer,
offHAKO, K oTamyBOH or (293) dopmyne mpeoGpasosanms mus
JROYJIIEBA TeIIa M, CIel0BATeJbHO, K MPOTHBOPEYRIO € Tpe-
GoBaHMAMHI PENATHBUCTCKON snexTpopmuamuku. IlpaBmibHOe
pemenme Bompoca, Baiifemroe AGparamom [175]%*), saxmio-
gaerca B caepyomeM. B ofmeli peaaTmBucTICKONl IMHAMEAKe
-HOKa3BIBAETCA, UTO BCAKOH smepram AONKHA OBITHL mpHmECa-
Ha mHepTHasm Macca (cM. § 41 m 42). Tloatomy, ecam BHIge-
JAEeTCA TeNJ0Ta, TO NIOTHOCTH MACCH HOKOA He OCTaeTcA
HOCTOSHHOH W YDABHEHNA MBIKEHUA JONRHEI 3aMACHIBATH-
¢ B BRE

= () = fi. (29%)

Orciofa, myTeM CKaifgpHOrO YMHOMCHEA HA U, CICAYeT
(c yaetom (292)) ’

dp, 1 . 0 1

=)=+ Vice (299)
H, TakuUM 00pazoM,

au, Q

5 =3 (295a)

c
B coracmy ¢ 3aKoHOM mHepuum sHeprim (cMm. § 41).

: *) Cm. rammke pgmckyccmio Mempuy AGparamom m IHopmerpémom
[176]. Bospa:xenns Hoppcrpéma mopsepmanst GHTh He MOTYT,
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Uz (294) caegyer sameuarenphsiii (axr, 4T0 CKOPOCTH
TeJa He BCerja JAOJYKHA MEHATHCH, eclH HAa Hero JeficTByer
cuna [177]. PaccMorpuM, mHampmMep, IPOBOXHHAK € TOKOM,
nokosmuiica 8 K'. Tak Rak cragqumomapusiii TOK ¢ TOYKH 3pe-
Hua cuctemsl K’ me cosmaer cmabl, meficTByiomeil Ha mpo-
BOJAHUK B IeJOM, TO mocieaunil ocraerca B noxoe. Hecmor-
pa Ha aT0, B cucteMe K ma mero, cornacHo (294), nefictay-
eT cmra (amamormumBIA caydail Berpedasca HaMm o emie
B § 32, ¢).

ITepeiimem ® oOGCymAeHAI0 pa3IAIHBIX BHPAMKenmE s
TeH30pa EMOYJIbCa-dHeprun Sy, UTO Kacaerca HenodeuiHulr
TEJN, TO BCE aBTOPHl CXONATCH HA TOM, UTO OiA Cpefnl Ges
rucTepesnca niaoTHocTs sHeprmm W o m moTox smeprmm S
paBHEL

W = {(ED) + (HB)} u S =c[EH]. (296)

Ommaxo B 1o Bpema wak Maxcsenn m Xesmcafiq mpexmona-
raorT, 94T0 TpPeXMepHLIl TeH30D HANpsAKeHUd HMeeT BH[

Tin = EiDy — - (ED) 8} -+ H.By — - (HB)S}
(i, k=1,2,3), (297)

Tepu *) monbayercs BHIpamKenNneM, COHMMETPHYHBEIM OTHOCH-
TeJBHO [ 7 k:

Tin="1/,(E:Dy + E,D;) — Y/, (ED) &; +-
-+ Y, (H:B, + H,B;) — 1/, (HB) 8, (298)

KOTOPOG A ANH30TPONHBIX Ted (KPUCTAMIOB) OTIAYaETcA
or (297). Touno Tak ke m Jis DJIOTHOCTH WMIYIHCAa g BO3-
MOJKHBI IBA BBIpasKeHHA, AU

g =(1/c) [DB], . (299)

49T0 B OfHOpOAHON m3oTpomncii cpefe coraacHo (296) mmaue
MOMKHO HANICATH

g = ep/c?S, (299a)
nin | 4
g = [EH] = 8. (300)

*) Jluteparypy cM. B [166], § 23.
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Ecan Boipaskenus aaa W, S, T n ¢ B BenoJABMKHBIX Te-
NaX 8aJaHBl, TO COOTBETCTBYIOIHE BEJIUUNHBI A [BAKY-
MIEXCs1 TeJ OHO3HAYHO OllpefiejeHBl, TAK KAK KOMUOHEHTHI
TeH30pa B 40000 cHcTeMe KOOPAMBAT MOTYT GBITH HONYUeHSBI
H3 3HAYEHHI €ro KOMIOHEHT B o0HOU ompenelnenHoil cucre-
me. B coorBercrnuE ¢ yxKasannoil BEIIIE HeORHO3HATHOCTHIO
seipaskeHnit gaa 7, uw g g0 cux nop raaBEBIM ofpasoM pac-
CMATPUBANHCE CAedYIOMUe BO3MOSHOCTH:

1. Buipaxenue Murkoeckozo*) onmpaercs Ha BHIpaie-
gaa (297) u (299) ana memopsm:kEBIX Ten. Hax merxo mo-
KasaThb, TOTJA

St = FuH" — Y, H, F"6} - (301)

u suipawenusa (296), (297), (299) ocrarwrca cnpasedauswl-
Mu U Oaa Osuamywuzca tes. COXpaHAETCs TAKIKE HUMEIOIIEe
MecTo B mycrtore yciaosme (223):

S2=03

Yersipexmepnas caia f; noaydaerca n3 S; mo (290). B mo-
KoAmeiica cucreMe K’ ee KOMODOHEHTH DPAaBHBI

(fur far o) = O'E' + [1:B'], fo=i(JE). (302)

Hymxno eme ormernts, uro [enemGax [174] ma ocmose
BIEKTPOBHCH TeOpHH OpHINET KaK pa3 K TeH30py DHepruu-
rMnyiasca MnexoBekoro, mpuueM gan ero B (hopMe, copaBef-
JOBOH [NA OPOM3BOJALHON HEONHOPOXHOH W aHW3OTPONHOA
cpefsr. OfEaKo 9TOT BEIBOJ He AocTaTouHo yGepmuteaen. [e-
nen0ax BHIBEJ TO KO BHIDAJKEHUA W APYruM cmocobom —
H3 BapHANWOHEHOI0 LPHHNNWNG, AAMEro TAKKe ypPaBHEeHAS
moas [179].

2. Bupaxenue Abpazama [175, 180]). Hecmmmerpmu-
HocTh BEIpamenuss Mumrosckoro (301) gna Temsopa omep-
ruu-EMIyabca BefeT K BeChbMa NPUMEIATENbHEIM CIe[CTBIAM,
X0T H HEe OPOTHBOpedal#dM BenocpeACTBeHHO oumury. Tak,
OpH 5TOM BO3HAKAIOT MOMEHTH KOJMYeCTBA [ABHHteHUsA, He
KOMIOEHCHDYyeMble H3MeHEeHueM SJAEKTPOMACHATHOLO MOMEHTa
umnyibca. [loaToMy Alparam mocTpoms CHMMETPHUHBIA TEH-
80D SHEPrUM-UMUYIbCA, HPUYEM I OOKOAMHUXCA Ted uM Obl-
au Basarel Bupaxenuma (298) u (300), 9ro mpueojmr B Cay-

*) H, Minkowski II, [64]. K raxkmM e BunipaskemusM mua Sp
npumng tarske Hopaerpésm, Hmeepr, leancnnrdope (1908) m, mexoma
B3 BapEAlUOHBOro mpuununa, Mmusapa [178].
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qae ONHOPOAALIX H H30TPONHEIX TEI K CAEAVIOMHUM COOTHG-
MIeHUAM:

St = g (ol 4 HyFY) — - F i — 4 (en—1) %
X (i@ 4+ Qu*) = FiH" — - Fr '8} — (ep — 1) Qut =
= HuF" — - Fr B} — (e — 1) vi@",  (303)

rae Bertop Q' (Ruhstrahlvektor), Bsegernsit eme Mumkos-
CKIM, ONpEe/lensercs Tak:

F;‘ == F(Avh, H( == H{hvh,
Qf = v (B + HMY -+ HY), (304)

B comyrcrsyromeil BemecrBy cucteMe K’ KOMIIOBGHTH BX0-
IOAKAX CIOf{a BEKTOPOB PAaBHBI

(Fi, Fy, Fy) =E; Fy=0, (Hy, Hy, H)) =D', H =0,
(Qu Qo) Q) =¢85 =0, (304a)

TosxpecrsegHocTs Tpex Bhipakenuit (303) cnegyer m3 nx
coBmajiennus B noroaueiica cucreme K'. Coormomenme (223)
3fleCh TAKKe CHOPABEeIIHBO MJIA ABIKYIAXCA Tesd; BHIpaske-
Bua (296), (298) =m (300) gus W, S, Ty u g smech yue Go-
nee He cnpasefauser. AGparam [175, 180] Beumcama coor-
BETCTBYIOLIHe BHIPAMKEHHA, & TAKIKE BHIPA)KeHHE JJiA MOHJe-
poMoTopHoii cunkl. IIpumenenHas agecs gersipexMepHas ¢op-
MynuposKa npepnoskena 'pammenem [181]. Temsop smeprou-
nmuyabca AGparama (303) nmpumsopumr R goGaBaeHHI0 dieHA
en—1 48 ‘
T

K NMOHZEPOMOTODHOR cHie B moxosammumxcs Tenax. Beaencrsue
MAaJIOCTH 3TOTO WIEHA BPAJ JH YHAACTCA HPEATOKATH NPAKTH-
9YecKN OCYyHmecTBUMBIH experimentum crucis g1a cpasreHus
Teopuii MuuKoBcKoro m Afparama. 3ameruM eme, uro Jlays
{182] ppmcoegmusercs & mpegmonokemmaM Abparama.
OueHD CyLIECTBEHHLIM apPryMeHTOM B HONB3Y CHMMETPII
$eHOMEHOMOrMYeCKOr0 TeH30pa JHEPruH-UMOYNbCa KajKeTcs
HaM caefymoluee, Takske NpuHagme:kamee AGparamy [183]
coobpaskenne. Yerbipexcuiia XOJJKHA DPABHATHCA CpeJHEMY
BHAYEHIIO MIKDOCKOMUYECKON UeTHIPeXCHIILI, CIeN0BaTelbHO,
coracuo (290) TeHs30p 9HEPrEH-EMOyabca HOMKEH OBITh
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garsKe CpeJHNM 3HAUEHHEM MAKpockomideckoro *). Oamako
gpz 06pasoBaEnm cpefiHero cpoficTsa CHMMETPHH TeH30PA He
repaioTCA (TaK ke Kak W BRINONHEHRe cooTmomrennsa (223))
(cM. mprmeq. 11).

3. Buipascenue Jinwreiina u Jayba [184]. Ditumrrefin
y Jlay6 mpmEIUIN K BBIPAJKEHUIO VI NOHIEPOMOTOPHON CHIBI
(a cTeoBaTCALHO, T K TeH30DY HEPIBH-MMIYJIbca) B MOKOA-
OIAXCA TElaX, COBEPUICHHO OTIAAYHOMY OT BEipaskenmit Mmm-
xoBckoro m Afparama. Mmenmo, onn mammim, gro HaOIIORAe-
Mas cHia

f=[1.B],

feficTBYOINas HA NMOKOAIM[ANCA NPOBOJHHK € TOKOM, COCTOHT
u3 ABYX uacreii — ma mosepxmocrmoit cuasr (1 — 1/p) [J.H.]
(H, — Hamps)KCHAOCTH  BHEINHEr0  MATHHTHOTO  IOJA)
¥ CHIHI

f= [JCHJ .

dTa mociaenEAs ecTh co0CTBeHHO 00HeMHAs CHNIA, B TO BpeMsa
rax m3 (302) BmTeraer, uro ofwnemmas cmaa pasra [J.B].
Terszop sHEPrum-UMINYILCA, KOTOPHI [AIOT YKA3aHHEIE aBTO-
pH, Tarke cooTsercrBenno mnamenen. Coobpakenns OIiH-
mreitra u Jlay6a ocmapubanucs, oguako, amcom [185] **).

§ 36. IIpuMencuna Teopmn

a.Onmter Poynampa, Penrtrema, 9iixen-
Baabga n Bmascoma. OO0nschnenne masBAWHLIX ONBI-
‘TOB TeOpHUd OTHOCHTEALHOCTH MOJKCT IIOJHOCTHIO OEePeHeCT!
B3 osnexrpounoii Teopuu [186], ecam orpaumumBaThcs He-
MAarEATHLIMO TCJIaMd B npcueGperaTh WIEHAMU BBICIIErQ IO-
pagka ormocnTeanHo vlc (cp. Tawme [187]). Ilocmexmmee
OrpaEMYEeHHe MBI CONDAHHM BHagalle H 37ech, Ho HE OyneM
OTDaHMYMBATL 3HAYEHNIl MArHHTHOH IIPOHNMIIAEMOCTH  W.
B pacmupesun teopnnu ma naMaran4YuBalOLiecs TEJA HYKHO
BAJIETh 3HATUTENBHEIH YCICX, KOTOPLIM MBI 0053aHEBI dTEKTPO-
ampaMuke MuHKOBCKOrO.

*) BospaseRms, KOTOpEe BBICKA3LIBaeT nporne a1oro lemembax
[174], re mamyTca 060CBOBARREIMM.

: **) Vkasamme I'pamuens [181] ma to, 9T0 BRIpamenna Jiimmrei-
Ba m Jlay6a mpoTmBopevaTt NPHHIIOY OTEHOCHTENEHOCTH, HEBEPHO, TaK
KaK 5TH BHIPaMKeHNA OPETEHIYIOT HA CIPaBeJJIABOCTh TOJLKO B MOKOA-
Weiica cucreme K',
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Ononir Poynanpma mokassiBaeT, 9TO KOHBEKIHOHHBIA TOR
€037]aeT TaKOe e MATHATHO® IIOJe, KAK H TOK HOPOBOMUMO-
crm, pasmwiit (v/e)p. Ero o6nsacmenme cieayer Hemocpepct-
Benuo n3 ypasmenuit mous (G) m dopmyan npeoGpasopanmsa
(269a) nna tora J. B 1o Bpema Kak pambIme 9TOT OMBIT CYH-
TANCH apryMeHTOM B NOJL3Y CYIIECTBoBaHHA dHpa, ¢ TOUKH
3peHEs TeOpHA OTHOCHTEIHHOCTH OH HBIAETCS NPOCTO Clef-
CTBAEM TOr0, 9TO pAa3JiejieHNe DAEKTPOMATHATHOTO MOJA HA
DJIEKTPUICCKYI0 U MATHATHYIO 9aCTW 32BHCAT OT CHCTEME 0T~
cuera.

Onerr Pertrema [186] noxasmiBaer, 4To mpm ApHskennn
IUDJIEKTPHKA B 9IEKTPHYSCKOM [OTe HA ero HOBEPXHOCTH
BO3HAKAET MOBEPXHOCTHHIR TOK, CO3MAWMAN MATHATHOS DOJE,
JiixeHBaNb) MOKA3aJd MO3JHEe, ITO 3TOT TOK PABEH

Il = BIPl = B(e — 1) El, 1305a)

rae P — nonapusanms pmsaexrpura, [Ipm npakraueckom ocy-
MEeCTBIGHWE ONBITA RUAJEKTPHK BPAINAeTCs MEMAY IaacTo-
HaMH KommeHcaTtopa. OfHAKO NUPEACTABIAETCA BO3MOMKHBIM,
0 MeBbIIel Mepe B XopomeM npaOamKeHNH, HePEHeCTH HA
BTOT CJIyYall TEOpHIO JIsi PABHOMEPHOTO ABUWMYUIUXCA Tel.
ITycts mosToMy pgHaNeKTpHE ABMMKETCA MapaijejbHO MIacTH-
HaM KOHJEHCATOPA; NOBEPXHOCTHAS NIOTHOCTh CBOGONABIX
3apARKOB HA MIacTWHAX paBHA © = K, Tlockonsky B me
nMeeT WCTOYHHKOB W BO BHEIIHEM MPOCTPAHCTBE COBIAfaeT
¢ H, gocrarowno onpexennts Baxps B. B cmny rtoro, uto Mmb
uMeeM BHECh [eJ0 ¢O cTammoHApAEbIM nodeM, E m H, cormac-
o (F) m (G), me mMeror Buxpeil. [lanee, MBI XoTAM mocae-
ROBATENBLHO IPeHeGPeTs BeJNYMHAMH BBICIIETO MOPAAKA OT-
pocuTeNbHO U/c. YunrnBas, uro H u B camm cyTb BeamugHs
[DepBOro mopAgKa, uMeeM m3 (278a)

D=¢E B=pH—(ep— 1) [—Z E]

Baxpe B onpepeasercs, Takmm oGpasoM, BHXPEM BHIpaske-
V. o4s o
HuA (su—1)[—c E], KOTOpPbIA B8leCh CBOJHTCA K DOBepX-

HOCTHOMY BHXDIO j, UMEIOMEMY BEINIAHY
ljl =B (ep — 1)IEI, (305b)

rae |E| — snauenne E enyrpu gmsiexTpmra, W HanpaBIeHme
v. lns p=1 sepamenme (305b) csogmrca K sHavenuw
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(305a) enexrtponnoii Teopmnm, s MArupTHLIX Ted d(PexT
ge HCCIefoBanicA.

Ousir Buascoma [188]*) nporusomonosken omsiry OJif-
xeHBANBAA, Memy macTuHaMu BSaKOPOYEHHOro KOBJCHCA-
TOpPA B MATHITHOM II01€, APAJIeNbHOM €ro MiacTHHAM, Bpa-
maeTcs muauEgp 03 Auasnextpuxa. IIpm wTom mabmiopaerca
sapsAjaKa miuacTud. Mpl cHoBa 3aMeHNM BpAIlenne IPAMOJIH-
HeUHBIM [BUMKOHHEM M IDPH 5TOM OyjeM CUHTaTh, 9T0 OHO
copeplaeTcd MapaljielbHO [IACTHHAM, HO NEpPNeHJUKYIAp-
Ho K MaraatHoMy noato. Coraacuo (F) mome E mosxuo momy-
guTh U3 pDoTennmama . IJocKoNLKY NMAACTHHBI 3aKOPOYEHBI,
@1 — 92 =0 u, cneposareasno, E=0, a D paer nenmocpes-
CTBEHHO HCKOMYIO IUNIOTHOCTH 3apsAfa @. 'pannmunbie yciaosua
B 3TOM Cllyuae NokaseBaioT, 4o H He HCOBITHIBAET HUKAKOIO
ckagxa. Cornacuo (278a) umeem

(en —1) pH

_— T~ ——-1 H, 3063
gt =B (306a)
HIIH HEMArHUTHBIX TeJ OTCIOJa HaXO0AuUM pe3yiabTaT 3JIeKT-
POHHOI Teopum:

o =(e — 1)1 (306b)

T'. A. o M. Buaarconam [190] ynmamock mamepurb sddext
B HAMATHUYMBAIOUICMCA P30JATOPE, KOTOPHIl OHH HUCKYCCTBEH-
HO cO3Mall, BBORA CTAaJAbHLIE IIAPHKE B cypryd. Mx peayab-
TAT MOATBEepIKAAeT peaaTuBucTCKyIo dopmyny (306a).

Crapas Teopns epua nmpusopur BMecto (305a) u (306a)
K 3HAYCHHAM

[jl =B8lEl m @ =B,

KOTOpBle OPOTHBOPEIAT OLBITY.
. Cooporusnenne H HNHAYKOOA B ABHMKY-
meMcs unposogumke (cM. rakxe [191]). Ha ocmosa-
mum (279) HaxoguMm JRiA KOHEYHOTO MBHICYINErocs Ipo-
BOJIHUKA ' :

RJ = | (E*ds), (307)

*) O crapeix onwsrtax Blondlot ¢ Bo3fyxXoM B KavecTRe JHITEKT-
PHKa, JABUIMX OTPHIATE]bHBI pPe3yibTaT, U TPAKTOBKE Ha OCHOBE
aneKTpoBROii Teopnu cM. Lorentz [186], V, 13, § 20; V, 14, § 45,
Obcysenne onbita Buabcona ¢ TOUKM 3PEHNA TCOPAA OTHOCATENbHO-
ctu oM, {165, 189].
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rge Ro — conpormBienue nokoaujezocs Uposonuka, J =
= |jlA. VaMeHenne IpPOBOAMMOCTH, oOlipejenseMoe COOTHO-
mensnem (280), B TouHOCTE KoMUeHcHpyerca OpM BhIYHCIE-
HUI COUPOTUBJEHHA H3MeHeHHeM [IUHB OPOBONOKA # ee
cegenna A BclejicTBUe nopeHnesa coxpamenusa, Taw Boiras-
JUT ¢ TOYKN 3peHust Apumkynieficsn cucrems oubnir Tpoyroma
m Psuxmma [19]. 3akom mEIyKOME miA ABWRYWErocs Dpo-
BOJHHKA BLITEKACT U3 mepBoro ypasaesua (274):

j‘(E*a’s) -4 XBndo. (308)
Hanporus,

j(Eds)%{?ando.

Oxmako (308) rar:e BmoaHe coraacyercs ¢ ONBITOM, TAK Kax
cornacao (279) me E, a E* onpenenser ToK mpoBofuMOCTH.

Y. Pacopocrpasenne cBeTa B pJBEM Yy e i-
ca cpege. Hosddunmumenr ysanewenumg, Quour
Qitpu. Jlna Toro 9rofe HAliTH 3aKOHKI pAcIPOCTPABEHHS
cBeTa B ABMKYyelica cpejie, HET HeoOXOMUMOCTH HCXOTUTH A3
ypasrenmil uoasa. OHH JOMKHE! LHOJYYATHCA C DOMOINLIO Ipe-
o0pasoBanusa JlopeHna npsMo 3 3aKOHOB AN HENOABHKHBIX
cmt. Paccmorpum cragama memoraomarmyio cperty. Masapu-
aHTHAA (basa CBETOBOH BOJNHBEI CHOBA OUPEAEIAETCH COOTHO-
menneM (252), mpugeM Temeps

L= (—v— cosa, — sina, 0, iY-), (309)
w w 4

eclIm OCh Z NepUeHAUKYJIApPHA K CKOPOCTH Tela I BOJHOBOI
HopManau, B comyrersyromeit cucreme K, B wacTHOCTH,

w’ =c/n. (310)
Orciona BeITekator Gopmyas npeolpasoBauu:
1 , B
SF(vw)cosal v LTI
V=V — = 7@050.2\7 _-»—_:_:2'—,
Vi-§g Viop

1 , B

—cosa’ + —
v . v, 1 w c ,
—sina = —sina’; —coset = ———————;  (31la)
w w w

v )
1-[-;)—, cos
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1 ’ 2
Wsina Vi-—ﬂ )

1 .
;}—Slﬂa: P
1+7cosa"

sin o’ Vi _— ﬁz .
Bwl 1
cos a’ —l——c—
14 Bneosa’
V(n cos o’ - B)Z + n¥sin®a’ (1 — B2)

Coormomenna (311a) onpenensior addexr [lommepa *),
(311b) — aGeppammio m (311c)— roaddunment yBmedenmd.
C TOYHOCTBIO [0 9YIEHOB [EPBOr0 MOPHAJKA OHA COBHANAIOT
¢ BHpamienmsMum crapoil teopuu. llocnenmee coorsomenue
Kaet .

w=%+v(1—_‘-) cos ! (311d)

n2

tgo = (311b)

w=¢

(311c)

(o BamsAHMA saBECHAMOCTA KO3 @UUHEHTa MOPEIOMAEHHS OT
AAEEHL BOAHLI cM. § 6). 3axkom mpesomsenHs OBIKYIedcA
NOBEPXHOCTBIO Da3jesa TarKe MOMeT OHITh DOIydeH € IIO-
mompbio mpeobpasopanmsa Jlopenna m3 saKoHA NpeJoMJaeHHSR
HeNOABMKHON IpaHMYHOE MOBEPXHOCTHIO, HO (OPMYJIEI OKa-
8LIBAIOTCA BECbMA CIO;KUBIMH,

Obcynmm 3flech Tak;Ke pe3ylnbTaThl KCIEPHAMERTOB Jfipm
[192], cornacao wkorTopsiM abeppaluoHHEIL YyroJ He H3MeHS-
ercd, ecin 3alOJIHUTH 3pPATENbHYI0 TPyOy (Teaeckom) Bopmoil.
Crapas teopua [193] **) paa oGbAcHeHHA STHX OOLITOB
TpefoBaja [oBOABHO HOXPOGHOrO KMCCAEHOBAHUA, TAK KAK OHA
ONACHIBAJNA NPONECC B CHCTEMO OTCUETA, OTHOCHTENBLHO KOTO-
poit maGuiogarens (3emusn) psmkerca. Ecnu paccmarpusars
nponecc B CONYTCTBYIOIIEH, T. e. ABWKYyIelica ¢ TegoM, cH-
cTeMe, TO pesyabTaT OJHpMm OKas3pBaeTcsa OYEBUAHLIM, [leil-
CTBHTEJILHO, €CIAM HAUpaBATh TpPyO0y HA TO MecTro, rie, Kak
KayKeTCsA, HAXONMTCA HEHOJBIKHAA 3BE3Ja, TO BOJHEI, HCIYC-
KaeMble mociefiHell, magaT Ha o0beKTHB HopManbHO. Ilpm
sanmoJHeHHH TPyOBI BOAOL BOMHEI MO-IPEeXHEMY pacmpocrpa-
HAKOTCA NePHEHAUKYINAPEO K IIOBEPXHOCTH pasfena. Takum
o6pasoM, ¢ TOYKH 3pPeHHA TEOPHH OTHOCHTEABHOCTH OIKIT
Oifipn, npm pacCMOTPeHHH ¢ 3eMJH, KOKa3bIBaeT TOT TPHBH-

: *) 06 adderre Jourepa B cpene cM. crathe panka [385*, 386*],
- & raknte [I1.4* ra, 6] m yxasameyio TaM Jamrepatypy. TaM iKe cM.
06 apderre Basuiosa — Uepeakosa,— [Hpuneu, ped.

**) Tawm sxe crapas auTeparypa,
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anbEB ParT, 9TO NpU ICPHEHAHKYJIAPHOM HOAaJEHNH, KOria
Yroil Dajenns pPaBeH HYAl0, yrQl NPCIOMICHHA TOMKE pa-
BeH HYJIIO.

SametnM, uro coormomenua (311b, ¢) me cooTBeTCTBYIOT
TeopeMe cioxenna ckopocreit. Toabko mpu o = 0 mMeercs
copnafenme ¢ mocaemuedr (cM. § 6). Jlays [194] cmen ato
00CTOATEALCTBO K Pasiudmio MKy HampaBieHmeM Jyda I
HanpaBleHHEM HOPMaJHM K BoaHe. Ecam oupefelurs BEKTOP
ay4eBoil cropocty chegyromuM o0paszoM:

w1 = S/W (312)

(S — pexrop IloiirTurra, W — miornocts sueprau), To gop-
MyJIBl Opeobpasopanna A KOMIOHEHT Wi CTPOTO HOJLKHEIL
VAOBJETBOPATL TeopeMe chosenns cxopoctefi. M3 peramcie-
il [lleiie [195] BHiTexaer, 9To 8TO MMeeT MECTO HA CaMOM
Jejle, ecAH NOJOKATH B OCHOBY HECHMMETPHYHLIA TEH30D
pHepruu-nMnyanca Mnuxosckoro. lpome Toro, Hu3 3aKoHA
SHEPIuH CJejyeT, 4T0 B dToM ciaydae (azoBag CKOPOCTh ®
PABHA KOMIIOHEHT® Jy9IeBOil CKOPOCTH B HaNPABIEHUX BOJHO-
Boit mopmanu, Ecau, ogmako, HONO0MKATH B OCHOBY TEH30D
AGparama (304), To coornomenus OyAyT cuosimee @ Teope-
Ma CJOKeHNs HeCHpape[iimBa M JJs Jy4eBBIX cKopocTeil (cM.
mpumed. 11). : :

OBofimesne TeOpHHm Ba Dorjomamue (IpOBOAAIHE)
cpe/bl He aeT NPUHIANAAILHO HIgero HoBoro. MoiKmo ToxB-
KO 3aMeTHTh, 4T0 coraacHo (277a) cBeroBas BOJHA, pacmpo-
CTPaRANNAsACA B ABIGKYMIeMCA LpPOBOJHUKe, CBA3ada ¢ Ie-
pUOHYeCK: MeHAMONIeiics IIIOTHOCTBIO 3apAfa.

8. Cropoctrrs curnaya u ¢asoBag CKOPOCTH
B Aucneprmpylouieirt cpege. B paucmeprupymomeil
cpefle BO3MOKEH caydail, Korga $asosasg CKOPOCTH CBETOBOM
BOJIHBL =*¢. OTO KasKeTcs OPOTHBOPEYALINM TEOPHH OTHOCH-
TeJIBHOCTH, COFJACHO KOTOpoil HIKaKoe AelicTBOE He MOKeT
PACHpOCTPAHATBCA €O cBepxcseroBoil cxopoctsio (cM. § 6).
3arpynHeHne OBUIO YCTPAHEHO HCCaefoBaHHEM 30MMepges-
ma [196], B KoTOpOM Ha OCHOBe DJEKTPOHHOR TeopHH MHO-
KasaHo, uTo rpe0enb BOJHBI BCETAA pacHPOCTPAHsETCSI CO
CKODPOCTLI0 CBETA B IYCTOTe ¢ M, TAKAM 00pPa3oM, BO3MOK-
HOCTH HOCHIIKH CHIHAJOB €O CKOPOCTBIO, Gosbliefl CKOpPOCTH
cBeTa, B AieliCTBUTENBLHOCTH HE MMEeT MECTR, OTOT pesyJbTar
Gern momonsen Bpmanwosnom [197], morasasmimM, uTo Bpanw
or o0mdacTH HOMJIOMICHHS TJAaBHAsg 4acTh CHTHAJA DPAacCIpoCT-
paHsAeTCcs ¢ TPYNIOBOM CKOPOCTHIO.
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C. MEXAHHKA 7 OBIODAA NTHIAMHKA

§ 37. Ypasmenna nBuwkenns.
Nuuyane 1 wuderuveckas »ueprus

PenatmBucrckas Mexanumka *) mexofur n3 mpeANoNoe-
gEA, 9T0 B cmcTeme K', B RoTOpodl MarepHasbHAs TOYKA B
paccMaTpUBaeMblii MOMEHT HOKOHTCH, CIOpaBeJidBE ypasie-
HEA JIBHMKEHEA CTApOH MeXaHmKH

modx’/dt’? =K', (313)
IIprEOuD oTHOCHTENHHOCTH MO3BOJALT, Aajiee, IPAMEHAA mpe-
o6pasosanme Jloperua & (313), ommosnaymo ycTaHOBHTH B3a-
KOHBl JIBHsKeHOA B JioGod apyroii cucreme K. Ilpm arou,
| ONHAKO, HE YCTAHABJIMBAETCA, YTO HYKHO ONDEJIeANTb KAK
cmny B cucTeme K, TaK KaK B TpeX YPAaBHEHMNX IBHIKEHNA
OCTaeTcs BHAYANEe ORNMHAKOBHIA UPOM3BONLEBIEA (aKTop, Ko-
TOpBii MOKeT KAk YrogHO 3aBmceThb OT ckopoctH. Mmelores
JIBA CYIIECTBEHHO pA3JMUYHBIX OYTH JJfg ycTpameHus o9Tol
HEeoTpefleIeHHOCTH,

B mepeom caywae mcmOAB3YIOTCA BleKTpPONmHAMIYECKME
coobpaskenus. Tak, eca1u TNpUHATH JOPEHNEBO BHIPaMieHHe
AnsA OOHAEPOMOTOPHOH CHJBI, MeHCTBYINell ma ABHMYIIMiI-
€51 CKOJb YrORHO OBICTPO 3apsj, TO NPH 5TOM 3aJaloTcd TaK-
me opMmyanr npeobpasopadma paa cuael (cMm. § 29). Tor
akT, 9T0 BCE CHUIBI JOKHLE UPEO0PA3OBLIBATECA ONHHAKO-
BEIM cHocoGoM, clieflyeT H3 TOro, 9TO ecad fHBe CHIB ypas-
Bopemmeaorcsy B cucreme K', To onm JOMKHE ypaBHOBelnm-
BaTbess W B aioGoii mpyroii cmereme K. Dopmynst (213),

(214) m (215) wmoryr, Takum obpasoM, GuITH 0000IMEeHE Ha
awobsie cuasl. Ha mecre sexropa (217) cromt gersipexmep-
HBI BEKTOD OJIOTHOCTH CHJIBI-MOIIHOCTH

Uplald=§ fi= i(f —‘j), (314)

*) Hmmxe mop peraTnBECTCKON MexaBMKoil Bcera moapasyMeBaer-
€l MeXamUKa CNENNaNbHON TEOPHH OTHOCHTENLHOCTH, T. ©. MEXAHMKA
rpynnsl Jlopenua. IlpoTnB ynorpelieHusa cloB «pesATHBHCTCKAS Me-
XaHHKa» B 3TOM CMBICTE MOJKHO BO3DA3UTh, 4T0 W KAACCATECKAST Me-
XaHUAKA TOKe ABIAETCH PeIATUBHCTCKON, MOCKOJBKY OHA YHOBIOTRBO-
PAer moctynary oTHOoCUTeJAbHOCTR, O(HAKO TEPMHUH (PENATABACTCKHIIN
npuolpen y:xe NaBHO CHENMANBHLIA CMBICH, 03RAYAKMAH «OTROCHTENE-
HBHII 110 OTHONIERNIO K rpynne JIopoH1a», Dogo6HO TOMY Kak BTO Cay-
. SRAOCE W C TePMUWHOM (CHELUANLHAS TEOPHS OTHOCHTENBHOCTHY,
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OepUeHRUKYIAPHEIN K IeTHPeXMepHOH CKOPOCTH!

far =0, (315)
YPaBHeHHH OBUKEHHA OIATH MMEIOT BHAJ
dz i N du,
oy =1 mm g =1y (316)

rae o — WHBAPHAHTHAs IUIOTHOCTH MAcCH MOKofl. MoskHo
TaKKe BBecTH ompefedsiemyio ¢opmymaoii (219) cmny Mus-
KoBcKoro K; m 3anmcaTh ypaBHeHHs ABM:;KeHuA B Buae (220).
Ws ypasmennit

-gt— (mu) = K; -;7 me? = (Ku) (317

caenyer, 9o mMOyanc [135]
V—:‘"—Bz u, (318a)

& KNHETHYECKas 2dHeprunsa

G=nmu=

--const.

mO
Eyun = mc? + const = 7———2

MosxuO cTpeMuThCH BHIOpPATH 37ech MOCTOAHHYIO TaK, YTOGH!
E.»x mcuesana miua nokosamelica MaTepmadbHOH TOUKA. Y106-
Hee, OJHAKO, IOMNOKATL dTY IOCTOAHEYI0 PaBHOH HyImo.
Torga omHeprma moxosamiefica MaTepuagbHOH TOYKH paBHA
moc?, a B o6men caydae

mcz

Viop Bt
lIJIH MaJbIX ﬁ oyTeM pa3aoiKeHHA B DaAjd OojydaeM:
E= moc"’(i + 1/2@2) = Eo + 1/277101]2

E=mc= (318b)

B cormacmm co crapoil Mexammkoll, IlemecooGpasmocts ycra-
HOBJIEHHBIX 37eCh BbIpasKeHUH fACHA M3 TOro, 94T0 B BTOM
cIydae BeITHIMHEI

(J1, Jo, J3)=1¢G; Jy=iE (319)
00pasyIoT KOMIOHEHTH YeTHIPeXBEKTOpa, HMEHHO,

Jh = mMyCUp. (320)
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Orcroma cnenyer, aro ana seanund G m £ cnpaBeganser B
TOYHOCTH Te ke (OpMyTsl mpeofpasoBaHusA, 4TO H JUIA 3a-
MKHYTO#l ojeKTpoMarHuTBofl cwcTeMbl Ge3 3apsafoB (cBeTo-
BOil BOMHBIL cM. (228)):

y G~ (v E

G, = V1_§2
E — G,

Viep"

¢ COOTBETCTBYIOMUMI o0paTtasiMuE gopMmyaaMr. ITr GOPMYabl
COPABeIMBH TAKKe IJiA HMIOYIbCAa U 9HEPIHH CHCTEMBI CBO-
GomHO MBIRYIINXCA YaCTHIL.

Kax m ciaenosano oxnjpaTh, peJATHBECTCKNE YPaBHEHOA
OBHKEHNA N BHIPAKEHWA I UMOYJIbCA W DHEPrUM IPH Ma-
IBIX CKOPOCTAX OEPeXOfAT B COOTBETCTBYWINUE YPAaBHEHAN
crapoit Mexaunkm. Bomee TOro, oOTKIOEeHWe PeNATHBHCTCKOR
MeXaHWKH OT OOBITHON — 67T0p020 NOPAAKA OTHOCHTEIbHO
v/c. B otoM, po Jlays [198], mpwumma Ttoro, urto crapas
9NMeKTPOHHAS TeopHusd, ONHpPABUIAsAcA HA OOBIKHOBEHHYIO Me-
XaHOKY, OPaBmAbHO o0bAcHsnAa Bee dPQPEKTH MepBOro Imo-
pagka.

Munxronckmit [64] mpepnoma TaxiKe NPYTYHO BAKEYI
dopmy sanmem ypasHemrmit nemkennmsa (316). Bseaem rmme-
THYECKUN TEH30D DHEPruU-IMIyIbca

0 = poltitty. , (322)

) G;':Gy; G; =Gy

E' =

(321)

Ero npocTpaHcTBeHRBIe KOMIOHEHTH IpefcTapiasior cobolt
TeH30D MIOTOKA WMIYJIbcd, CMeHNIAHHBIE KOMIIOHeHTH (cC TOd-
HOCTBIO JI0 (haKkTopa ic)— NJIOTHOCTH HMIIYJbCA, & BPeMeH-
Hag — OJOTHOCT, 3Hepruum. B cuay ypaBHeHHma Hempepsis-
HOCTH

Opout/0z* =0 (323)
YDaBHEeHUA ABHKEHHOA 3a0NCBIBAKTCA B BHIS
00% Joxt = {,. (324)

Ormermm 3spmech eme, uro ypasmenna asmkenns (317)
B CaydYae MBIYKEHAs MarepHaJbHOA TOUREW mofg fAeiicTBmeM
NOCTOAHHOU cuabl IPUBOAAT K paccMoTpeHHOMY B § 26 rm-
nepboIAIeCKOMY ABMKCHNIO,

11 B. maynx
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§ 38. HesaBucuyoe or 3JeKTPOJHHAMAKE 000CHOBAIINE
PeNATUBUCTCRON MeXanugH

Ilpusesennniii BHDIEe BLIBOX HEYMOBIETBOPHTENEH B TOM
OTHOIMEHNH, YTO ONIPAETCA HA SAEKTPOAWHAMHIYCCKUE €O00-
pamenusa. [loatomy cyuecrsenno, uro Jipiouc m Toamen
1159] naan rtawmce mpyroif BLIBOA, COBEPUICHNIG HE CBA3AH-
BB ¢ oiexTpopmpaMukoll *). B asrom BhIBOgE mepsuaHbIM
ABASETCS He DouATHe CIUIb, & moHatue mmuyasca., [locry-
nppyercsa, UTO KaRAOH AUumsKYIMelcs MaTepdaJdbHoOll Touke
MOTYT ObITh OPUIHCAHLI N3PATJIEABHBIA CKOPOCTH BEKIOp MM~
Oyabea H KITHOTHYECKAs 9HEPIHA U IPE BTOM OMEIOT MeCTo
80KOHBL COTPANERUS. ITO 3HAYAT, ITO OPE BIAMMOACIIC rsiu
MeIRAY MAcCaMM CHCTEMBI, UPU KOTOPOM BHEPLHA U HMUYNhC
HE H3NY4AoTCH M HE BBUCANCTCA TEIUOTA, CYMMbl auepruii
¥ VMIYALCOB OTAEHLHBIX MacC AOJIKHBI OCTaBarThCa 1OCTON-
BEIMH. B wacTHOCTYM, 3TO [HOJKHO HMETH MeCTO HPH YIPYroM
yaape. [asce, Jlvione m Toamem mpmgymanm MbIcaennbiil
PKCIEPBMENT, NoKasnBaimuii, 9Te dopMa 3aBBCUMGCTY
BIEPriN B AMOYJALCA OT CKOPOCTH ONHO3HAYAO ONpPelesiieres
u3 TpeboBaBnA UNBAPHARTHOCTA 3aKOHOB COXPAHCLNA OTLO-
curedbHO npeobpasonanuit Jlopeuna.

lycre ppa madawparenn 4 n B mgewkyTtes B panpasme-
BEI OCH Z € OTHOCATENLHOH ckopocThio v. Ilyete Badiioga-
Tesm HpocaloT APYr HPYry 00 OCH ¥ B ¢ ONHHAKOLOT CRO-
POCTLIO U [Maphi OfMIIaKOBON MACCHl, W IPW 3TOM uUanpasie-
HEe ynapa umeeT naupasacnme ocm y. Torma mpexsie neero
COXPanfloTCs I-KOMIIOUGHTH CKopocTm ofomx ntapos. [Jlanee,
3 coofpaycenmii cusmMerpun cneRyer, uro mabaogarcap B
BIJIAT TaKoe jKe QBMIKenHe CBOCro INapa, kakoe HaGIicAa-
tTedb A BapmuT gaa cooero. Ila ocHoBammm reopeMnl CIoKe-
HHA CKOpocrel ('10)' UaxoauM 3HAYEBHA KOMIOHEHT CKOpO-

CTA Wy, W, B W, B W, 000NX CTATKHBRICUNSCA Ted
s Kun K.

Ao ypnapa 4

’

wy=0; wy=u; wy=—y

, —
w, =ulV 1= 0%,

*) Bospamenun Komnfenwa [200] otmocates Sosnmme x Pripme
ROKa3ateabCTBa, SeM ® ero cywuoctd. Inmredis [201] nokaiad, wio
saxmwouenns Jnionca Toavena moryr Gure snonse crpore o6o-
CHOBAHEL,
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Ho ynapa B

w:=v; w,=-uVl—¥c5
wy = 0; w; = —u,
{locae ynapa A
we=0; wy=—u"} wy=—u
wy, = —u' Y 1= ¥

Ilocae ynapa B

w, =v; w,=+u'V1—v¥c%

wy = 0; w; = 4 u’.

Eean w = |w] — aBcomoroe 3uadenae cxopoetd, TO nM-
OyJLC MOJKHO 3alHCaTh TakK:

G =m(w)w,

rpe m nO OnNpemeJeHHio HA3LIBAaeTCH Maccoll @ MOMKeT 3a-
BIiCeTh TOALKO OT e6c0al0THO20 3HavweHus cxopoctd. Ma co-
Xpanennsa UMUYNLCA B HANPaBJIeHWu X caejyer, 49To

u=u’,

2 @3 coXpaleHua HMOYJIbCa B HANpanacHul y —
02 U2
2 2 = p—
ml V4 u (1—— 02), u 1 5 = muyu., (a)

Tlepexossn oocne nerenmst ma u ® npejesy uw—~0 o 3a-
auceizan my smecto m(0), vaxomnm

m) L — 3 =My M= emmm——,
¢ Vi -

970 r Tpebonanock A0KAa3aTh. JIerko RAIeTH, 9T BLIPAH(CHHE
(@) yaosaetnopsercs aTuM cooTHuICUNeM npu J0GOM u.
Iockonrxy wmuyane onpepenacn, nupawenwe (318D) pam
KABCTAYECKCH AHEPUNN TAKIKE ACIKC NOJXYTaeTca ¢ HOMOINIBIO
npeobpasovanng Jopenna. Cnaa teneph onpejennercs Kax
Npon3BOARAN OT OMUYJLCA N0 bpemens, a Jopmyinn upeob-
Pasosanust A Hee moaydaoTcea cpaszy. Tom caMmiM JoKa-
BAHA BO3MOKHOCTH OGOCHOBATHL PCJATHRHACTCKYID MeXauuKy
HesapucpMo OT aueKTpopmmaMmru (cM. npumed. 12).

I»i‘
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Mokuo eme saMeTuTs, YTO 3aKOHNBl YNPYroro ynapa,
K KOTODBIM BeleT pelsATOBMCTCKan MexaHmKa, Osurm anas o0-
mero ciydas BhiBefeHn m pasobpamet FOtrmepom [202].

§ 39. Hpusnun Camuasrona
B PeNATHBUCTCKOII MeXaHNKe

VYpasrerna asmxenns (317) moryr GhIThb NOJYTEHEI, KaK
ormernn eme Ilaask [217], U3 BapmanumOEHOIO NPHHEIANA,
Ecnn Brectm dyurumwo Jlarpansxa

L= —my?V1 — u?/c?, » (325),

TO, KaK JIErKO NPOBEPHTh,

i
j(GL 1+ K ér)dt = 0. (326)
fo ‘

3ech, KAk W B CIy9Yae raMUNLTOHOBA OPUHIANA OGBIKHO-
BeHHO# MeXaHWKHW, 3Ravuenwa f) U {y 0 KOREYHBIe TOYKH LYy-
TH METErpUPOBaHUA 3aRaRbl. Y paBHeNNA [BHMKCHHAA MOMKEO
sanmcaTh TaKke B rammabronosod dopme. Ecium BMecTo KOM-
IIOHEHT CKOPOCTH BBeCTU HMIYJLCHI
Gm="?'.£; Gyzf.ﬁ; z=ﬁ§7 (327)
bz Ay 0z

u obpasosarsy gyuxnnio amuakTona
2

* oL * AL * 8L m,c¢
H=z—+y—+z—= —~L= —L— =
oz y 8y oz Vi — u?/c?
G2 4 G2 + G2

= By = my? 1/ {420 H 0 g0

mae

TO mONyaIAM

£=0H|0G,, ...; 0G /ot =K., ... (329)

2T 0.

Wnrerpan peiicteua det noJsKen OLITh WHBAapHAHTEH

oTHOCHTEALHO npeolpasopanna Jlopenna. 3To HMeeT Mecro,
TaK Kar

(Ldt=—my {ar, (330)

rie T — coGersennoe Bpema. Bapuanmounmi npuanun (326)
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n@EnleTcd Telephk Tak *):
—moczéfdrﬁ— jKiﬁx": 0 (331)
IR Jla’Ke B BHJE
8 du=0, (332)

ecqm BBecTm juA sapmannii 6z gcOasoduoe ycaosde
K;ui = O.

9ra dopMyIuPOBKA BAPHALAOUHOLO NPUHLUNA [PUHALIEHAT
Musxkorckomy ([64], 1I).

-¥Ypasueuns psuwixesna (317) gomyckaor npeobpasosa-
HEe, COOTBETCTBYIOIIee TeopeMe BHpHajna O0bLYHOH Mexa-
HUKH:

L+ Eyun + - (mur) = (Kr). (333)

Ecau r Opw NBHIKEHIH OCTaeTCA OTrPAaHIIYEeHHLIM H CKOPOCTh
u He IlpHGJ]H}KaBTCH CKOJBb YTOAHO 6IH3KO K CKOpOCTH CBe-
Ta, TO nocae 06paaoBamm Cpeiuero OO0 BPeMEHR nojydaem

L+ Ee =(Kr). (333a)

§ 40. OGobumeninie KoopITHATHL
Kanounueckan gopra ypasuennii Apmsenus

‘B pensarusmcrcroil mexaumke, BooOUIe TOBOPS, HETBb3A
BBeCTH DOTEHIHANLOYI0 dHEPrHIo, 3aBIUCALIYI0 TOABKO OT KO-
OpAMuaT, TaK KaK, COrJAacHO OCHORBLIM IOJ0/KEHUAM TeODHH,
B3anMoOJeiiCTBHA He MOTyT PaclPOCTPAHATHCH CO CKOPOCTBHIO,
Oonemreii ckopocrtu Tesa. Onuaro HW3BECTHBI CJAYYaW, KOrAA,
TeM He Medee, 11000y DOTeHHIAILHYI0 SHEPrHI0 MOKHO
BBECTH.

Id10 ynoGHO, HATpPUMED, KOrZAa MaTepHaJbHAA TOYKA JBH-
JKeTCq B OOCTOARHOM BO BPeMeHH CHJIOBOM note. Jlanmsri
CIy4ail mrpaer Baykuyi0 pONb B TEOPME TOHKOM CTPYKTYPH
GBanbmeposcrux aununii, Momxno namucars:

K= —grad E ., (334)
L= —meY T=w¥@ — Eor, 8| Ldt=0; (335)

*) Ha rpanmnax ofaacts umTerpmposamua 8x! NOMKHL ECIE3aTh.
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H(Ge ..\, ...)= Euwy + Eape = £0L/05 +...— L, (336)
& =0H/0G,, ... dGdt= —0H/oz... (337)

JTuM ypasueHHS NpuUBedeHb K KaHoHHmYeckodt dopme. Ilpen-
CTaBJIsIeTCA BOBMOKHBIM TakyKe BBectu 0000UIEHHbIE KOOPH-
HATH! ¢y, ..., ¢4 HAHOHMYeCKD CODDAKEHHDbIe MMIYJIBCH PaB-
HEL TOrja

Pr = 0L[3qs,

I MBI IOXyIaeM
. aL .
H(p, q) = Z 7, oy —L; (339)
) ap

qu oH . dph oH
dt — dp,’ dt ag, *

Hanee, umeer MecTo, Kak W B OOLIKHOBEHHOH MexaHHKe,
ypaBHeHHe B 9AaCTHBIX OPou3BOAHEIX ['amMuantoma — flkoGum.
[Tpusenennrie Boime GopMyIbl, COMIACHO CAMOMY UX BHIBOARY,
COpaBeNINBbl JHIIL B 00nOl cHCTeMe KOODAMHAT, ompefe-
AseMoOll XapakTepoM mpoGieMsl.

§ 41. Unepnusa sneprum’

IIpocran cease (318b) Meay KumeTmuecKoll sHeprueit
o Macccli noackassiBaer npepmodo:enme [203] *) o Tom,
YTO BCAKOI SHEPIMM COOTBETCTBYyeT Macca m = E/c?*%),
B atoMm ciayuae mmepums Tela NOMMKHA BO3PAacTaTh NPH €ro
HarpeBaHuy- 1, jajee, W3NyYeHUE HOJIKHO NCPEHOCHTH Mac-
CY OT HCIYCKAIIero Tena K moriomawmemy. Uro kacaer-
CA BTODOFO W3 BTHX HABJEHHH, TO OHO MOKeT GhITH TpOBE-
PCHO OyTeM CIeIyOmMux paccy&me}mn ITyers Teno, mokos-
meeca 8 K', usnyuaer suepruio E\ a0 TaruM o6pasoM, 4T0 B
HeJOM HMIYJbC He M3JYy9aercs U, CTeX0BATEJLHO, TEJI0 0CTa-

*) Cu. raxme cOopHER «[TPHENAN OTHOCATENBHOCTHY. 3ech 3a-
KOH HOepTHoCTy dHeprum Bhickasal suepnuie. Cu, tawke [204], Jsonc
[205], maoGopor, m3 TpeGoBamusA, utobul £ pasmsnock mc?, ¢ mo-

d d
MOIOLIO ypaBHeHUA U E‘ (mu) = 'ET BBIBEJI 3aBHCHMOCTH MAacChHl OT

cROpocTH: m = my/}1 — v¥/c2
**) 1lo aTomy moBoxy cM. Takke oGaop [447].
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erca B cucteMe K’ B moxoe. B cucreme K, psumymeiics
orHOCHTENbHO K’ €O CKODOCTBIO U, HpHM 9TOM H3TydaeTcH
coriacHo (228) mMnyinc

E/
G v rad v E
rad P == —5 Lrad-
¢ Vi~ B2 ¢

TIoCKONBKY CKOPOCTH Teda V He M3MEHAETCH, BTO BO3MOKHO,
TONBKO, €cJH ero Macca TOKOA Mg YMeHBIIAeTCsA HAa Beld-
YEHY

Am = E;ad/cz-

Amanormuno paccMarpmBaa 0ajlaHC HMITYJIBCOB, MOKHEO MO-
Ka3aTh, 9T0 O TeNJIOBOM 3HEPrM:m JOJIKHA OblTh UPHIHCAHA
Macca. IT0 OOCTOATEJBCTBO LOACKA3bIBAETCA CJeIYIOMAM
paccyxpenueM. J[asa mogHOro MMIyabca W MOJNOH dHEpPram
CHCTEMBl MAaTePHAJBbHBIX TOUEK, KAK yKe YKAa3aRO, cUpaBef-
amBel Te e dopmyast nopeoOpasosanug (321), uyro m B
cayusae o0noli Matepuaibnoil rouku. Eeam ke cmerema xo-
opnuuar Ko Boifpana Tak, uro B Heil HOJIHLIH mmnyiaese G
gcuesaet, T0 B cncreMe K cHoBa mMeeM

G=—v-__E_O_—' E.—-z EO.

c2 Vi—ﬁ2, Vi_ﬁz'

Cucrema Bemer cefs, TakuM o0pasoM, Kak OfiFa MaTepHalb-
Has Touka ¢ Maccoil mokos mo= Eo/c* [208]. Waeanvusiii
ras ABAAETCA, 04CBHAHO, HomoOHOf cHcTeMoli MaTepHANBLHBIX
rowex. 3pecs Ko pasno Y, myc®4+ U, rne U — tensiobas aHep-
rus. Ee muepruocTs n0oaToMy f0oKasaHa.

Eme 6oanee ofwmii caywait Obw1 pasobpan Jlopennem
[207]. PaccmorpuM npon3BoJIbHYIO, 3aMKHYTYI0 U3IYCCKYIO
CHCTeMY, COCTOAINYIO U3 Mace, HATAHYTHIX OPYHIH, CBETO-
BBIX Jydeidt m 1. A. B cucreme Ko cmerema uowoures, T. e.
He EMeel TaM HHKAaKoro peayaprupyiomero mmuyabca. Torma
B- Hekoropoil cmcreme K uamueckoil cmcreme RoyiHa GBHITH
OpEOMcaHa Ta CKOPOCTh U, ¢ KoTopoit Ko Asnikerca OTHO-
cureasro K. Upesswiuaiino upasponono6no usuveckoe
ppepnoso:xenne, uro amoyase Gy cicremm B K pasen

Mo

G1=mu=-1/T—___———u,

i — u?/c?
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KaK B ciygae MarepmansHont toukm *). Torma masm G copa-
BeIJIHBE (opMyasl npeobpasoBannsa
G, —mv
’ X ’ ’
(SRS S G — G M G == G .
le. Vi — 62 ’ Yi y19 ZI z1
HJanmM rteneppr mameii cmereme 1 BeTynmTe BO B3amMmogeii-
cTBHE ¢ cucreMoil 2, cocToAmeit n3 ogmoro manydenns. Ecau
AG; 71 AG; — usmemennas umnyabscos, a AE; o AE; — ns3-
MeHeHNA 9Hepruil ofemx cmCTeM, TO JIONIKHEI HMETh MecTo
paseHCTBA
! ’
AG, + AG, =0; AG, +AG,=0; AE, +AE,=0,
O TaK Kak Bcaenctsme (228)
2
AG, o Asz—(v/c )AE2
2x T I y
Vi—p
OTCIOJIa CPA3y caejlyer, 4To

Am =251, (339)

4

JdTo paccymRpenme MOKA3blBaeT, 4TO BHA IHEPrUU AJAA CYIe-
cTBOBanna coorncmenns (339) ponm me mrpaer.

Taxnm o6pasomM, MOMKHO CUNTaTh [OKA3AHHBIM, 9TO [pPHH-
OHI OTHOCHTEJNLHOCTH BMecTe ¢ 3aKOHAMH COXpaHeHHmsa oHep-
rIE ¥ ¥MOyJgbca OPHROIHT K QYHIAMCHTAIBHOMY 3aKOHY
HEeprHocTn sueprun awboro nnga **). Mu mMoskem BMmecTe
¢ JilHmTellnoM CUUTATE 3TOT B3aKOH BajkHE{mMNM peayIbTa-
TOM cuenmajbnofi Teopnu orsocutenbHoctn. Hommuaectpen-
Hag 9KCuepnMeHTaqbHas UPOBepPKa MO CHX HOP elle He yha-
Jace. ¥xe b cpocll mepnoil myGnukamum mo aTOMy Bompocy
diinmreiin [203] ykaszan pa BoaMoMinOCTH MPOBEPEH TeOpHH
HOpE pajmoarkTUBHLIN nponcccax. Opsaxo orgeabssie nedex-
Tl QTOMHBIX MAacC PajnoaKTUBHHIX 3meMenTos [209] camm-
KOM MaJbpl JJIfg TOro, aTtolbl HX MOMHO GBIIO YCTaHOBHTH
gKCUepnMeRTalIbHO. Bo3MomnocTs o0bACHennsl HCCBA3ARMLIX
¢ CYIlecTBOBAHNEM H30TOMUB OTKIOHEHHH &TOMHEBIX MACe OT

*) Ecim npusaTh, 970 B cRCTEME AE{iCTBYIOT TOTLEO IeKRTPOMACr-
HATREIE CRJBL, TO 9T0 NPEABOMOIKeHAE MOKeT Obite ofoiifeno (ci.
[208]). Orpammuensbnlll naockuil wyr BOJHLI cBeta NPeACTaBIAsAeT CO-
Gofl mCKMOUeHMe, TaK KAK ero mMAyJILC HE B KAKON CHCTeMe me ue-
aesaer (cM. § 30). Tockoabky B aprsesennoit fopuyae B stom cayiae
RYMHO NONTOMKHTE & == ¢, Mbl JOMKUK UPHIHCATH HYFY CBETOBBIX BOXA
Maccy nokos, paeayio ayaio (cu. H. A Lorentz [207]).

**) 97T0T B8aKon MABBIBACTCA TAK/Ke 3aKOHOM OKBNBAJEHTHOCTH
Macch m 9Heprum,
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HedBIX YHCeN HANNYHEM DHepriu B3amMoleiicTBHA dacTeit
AApa B IocleflHee BpeMsi, Mocjie NePBOro ykasamus Jlamske-
seBa [210] *), muorokparno oGeysaanacs. Boamoskno, B 6y-
AYIIeM B3aKOH HHEePTHOCTH 9HEPLHH YAAcTCA NPOBEPHTHL MO
Haba1ofleRnsM Haj cTalMILHOCTRIO fAfep. YKasaHNsS HA Ka-
4ecTBeHHOE coriacue yxie mmeiores [212] (cm. opmmew. 13).

§ 42. O6man aunamuka

CooTHomeHNs Teopuu CTAaHYT elle npolle W HArJAALHEe,
ecly UepelTH OT IHOJHOIO MMIYJAbCR M OOJHOH 3HeProum K
nIoTHOCTAM HMOydbca m omeprud. B § 30 (cm. (225)) mm
BHJEJH, YTO BJIEKTPOMArHHTHASA YeTHIPEXCHAA MOMKeT OBbiTh
BHIPA;REHA 4Yepe3 AHBEDPreHIHI0 TeH30Pa BalpskeRni S3.
EcrectBenno nonsirathca 0600OIITE BTO NONOMKEHHE HA CHJIBI
mwoboro Bupa. Mosxno gokasath, 4To 3To feficTBETENBHO Tak,
OOCKOJBKY Mbl 3HAEM, 9TO Bce CHJBI (YUPYrocTH, XUMHTe-
CKHE W T. A.) CBOXATCA K 3NEKTPOMATHATRBIM (OT TATOTe-
HUA MBI 3jech orBjlexaeMcs)**). crnouenme cocraBasiior
JUIIb CHJIBL, C KOTOPBIME JBHMKYLIHECs 3JEKTPOHBI H MpPOTO-
BBl feiicrByior camn ma cela (cMm. ra. V). ITosromy el mo-
CTynuM Tak: B BHpamkesum (222) pas Tedsopa oHeprum-
HMIOYJIbCA PasfeduM TEeH30p nojis Fy; Ha 9acTd, cBA3aHHEE
C OTJAeJBHBIMH 3apPAKEHHBIMO 9YAacTUNAMY; OPA 3TOM TEH3O0p
St pacmajaerca Ha JBe 9ACTH, OJHA K3 KOTODHIX COCTOUT
U3 OPOM3BefeHUIl KOMUOHEHT HoJA PasiudHBIX YacTur, Apy-
rasg — U3 OPOM3BeJleHNH KOMIOHEHT [OJA OfAHOH M TOH ke
-"acruusl. Mer 6ygeM paccMaTpHBATH TONBKO HepBYIO 9acTh
S%, ONHCHIBAIOIYI0 B3auMmopeficTBme Mexpay gactmmamm. Ec-
A Teuepb o0pasoBaTh QUBEPreHUUIO, TO Mbl MOTYYHM TOJNb-
KO CHJIBI, ¢ KOTODBIMH YacTUIBl [elcTBYIOT APYr HA HPyra.
Mgt moskem, TakoM 00pa3oM, BANECATH

W, duy/dt = — 8S}/dz"
z cornaceo (322) m (324):
8 (0} + 8%)/az" = 0.

*) JlammeBeH XOTeJN CRECTH R HEEPTHOCTH BHYTpeRmell SHEPTHE
BCE OTKJIOHEHMs ATOMHBIX Macc OT Tedablx uuced. HeodxommMocrs yum-
TBIBATH BO3MOKHBIE M30TONbI, KOTOPBIE ONBITAME ACTOHA Teleps B
SonpmmmcTBe cayvaeB JeHCTBUTENBHO YCTAHOBAEHHL, OLLIA CPa3y e
yrazanma Csmmue [211].
) **) Hacronbko ofcypaeMas 3fmech JUHaMHKa OymeT na3MeHeHa
K8anTo60ii Teopuel, MH elle BAYEro CKa3aTh HE MOKEM,
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Marepus, taknM o0padoM, MOMKET XaPaKTepHaORaThCA TeH=

B
30poM sHeprun-mMiyiabca 1, AWBepreHNHs KOTOPOrO paBHA
HYJIIO:

T.’k = @;‘k + S;‘k; (340):
aT?/oz" = 0. . (341)

Kak m B (224), mpocTpamcTsenHBe KoMOOHeHTH Ty, Ipef-
cTaBaAlT cofcll HAUPAMKEBHs W MOTYT TaKiKe paccMarpH-
BaThcA KAK KOMMIOHEHTHl NOTOKA HMIYjbca, OCTalbHBIE KOM-
HOHEHTHl OHPeRCAAT MIOTHOCTH HMIYJabca g, HOTOK 3HED-
rau S B na0THOCTE 3Heprun W:

Tiu=1icg: Tau={(i/c)S; Tu=W. (342)

Msl npepcraBunu 3nech TeH30p dHEPTUHM-HMOYJabca KaK CyM-
MY MeXaHHYecKoro H anexrpoMaramrHoro. O HONBITKaX cBe-
CTH MeX8HHYECKYH 9ACTh K JJNeKTPOMArHUTHOH cM. ra. V.
Jna manpmefimux 9ucTo (PEHOMEHONOrHUECKHX paccypeHmi
npupoda TeH3cpa SHEPTHH-BMOYNBCA BECYIIECTBEHHA, BAMKHO
TONBKO caMo ero cyuecreoganue. C UCTOPHIECKOHA TOYKH
3peHns 3aMeTHM, YTO CYIecTBOBaHMe Hogo0HOro TeHaopa Aaa
MexaHuyecKoli (yupyroit) smeprum BHepBble yKasaHo AGpa-
raMoM M OKoRuaTeabHo copmynamposano Jlays [213]. Cux-
MeTpuS TEeH30pa SHEPrHM-UMIYNbCA TAaPaHTHPYeTcd CBeXes
RIEM ero K MeXaHUYeCKOMY M DJIEKTPOMArHHTHOMY TEH30+
paM; paBLIle OHA YCTAHABJMBANACH € IOMOIIbIO CHENHATb-
moro mocrynarta. Vs cumMerpum TeH30pa MOKeT OBITH IONIY-
qeH0 ofHO BaxiHoe cuefcrsme. memno, ma Toro, uro Iy =
= T4, cornmacHo (342) moaydaeMm

g =S/ (343)
Jto — BhicKasaunwil Buepeele I[lmamxom [214] sakom mm-
OyJdLca TOTOKA DHEPTUH, BCJENCTBUE KOTOPOro JoGoH MmOTOK
9HEPrHHE CBA3AaH ¢ HMOYIbCOM. JTOT 3aKOH MOMHO DaccMar-
pUBaTh KaK pacllupeHHEYI (POPMYIUDOBKY BaKOHA HHEPTHO-
CTH 9Heprmu. B TO BpeMs Kak OOCHeNHWH OTHOCHETCA KO
éceli dHepruu, mepBbIil coolImaer Tak:Ke HEUYTO W O 40KAAU-
3ayuu DHEPTUHM M HMIYIhCA. v

Tar me xax B § 30, n3 (314) MokHO 3aKRII0OYUTH, YTO
[OJNHAS BSHEPruA W NOJHBIH MMIOYJIbLC 3aMKHYTOH CHCTEMBEI
06pasyioT 4eTspexBeKTop:

(1, Jo, )= ¢G; 1= iE. (227)

Qopumyanr (228) specs Tamke copasequusnl, 113 mmx He-
HOCPEJCTBERHO BHITEKAeT MHEPNUOHHOCTH J000H PopMEl
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9HEPrAW, B 9AaCTHOCTA MOTEHYUAABHOU. 3aMeTuM eIle pas,
9T0 ANAATUBHAA [OCTOAHHAs, BXOAAUIAA B BHIpaskeHHe AJA
9Hepruu, BbIOPAaHA TAK, 9TO IHEPTUA MOKOAIIErOCH 3/1eKTPO-
na pasma moc?. Toasro Toina B ofmeM cayuae £ = mc?

s (341) oOsranbiM cmocoGom [215] Brnitexaer Taxse
COXPaHEeHHe MOMEHTa BMIIYIbCa:

L=[rgav. (344)

Jlna copaBenanBoCcTH 3aKOHA COXPAREHHA MOMEHTA HMIYJbCA
(BpamareapHOr0 HMIYIbCA) CYL[eCTBeHHA CHMMCTPHH npo-
CTPAHCTEEHNBLE KOMHOHEeHT TeH3opa 7Ti. Ecnm morpebGosars
Han@ume 3TOH cuMMeTpunm B a000#l cucreMe KOODAIHAT, TO
OTCIONA CeAyeT TAKKE CHMMETPHA CMeIIaHHBIX KOMIIOHEHT,
KOTOpas o0yCIOBAUBAET BHINOJHEHHE B3aKOHA COXPAHEHHA
IMITY/JABCA TMOTOKA dHEpPruu *).

§ 43. IipeoGpazonanne dHeprny ¥ UMIYIBCA CHCTEMBI
OpU HaNN4On BHCUIHUX CIL

@opmyasr (228) copasefiuBLl TOXBKO B TOM chydae,
ecim B £ u G BRIYennl 6ce BXOMsIIEE B paccMOTpeHue
PMIFYAbCH U dueprud. IloatoMy, ecny, Haupmmep, mMmeercd
Taas, HaXOﬂHU_[HIUlCH oJi BHeIUHUOM [IOaBJeHHEeM, UJIH cucremMa
TOKOALINXCA BJICKTPUUECKNX 3apAJ0B, TO MBI JONAHBI Tak-
e Y4YHTHIBATH YNPYIyl0 SHEPrHI0 COCYJa, B KOTOPOM HAXO0-
(ITCA Ta3, WIN COOTBETCTBEHHO YNPYryI0 BHEPruio sapsamen-
foit Mmatepnum. Jto 6bptio Gbl oueH®s Heyno6HO. Mbl xotuMm
109TOMY peImuTs chaefywomyto obmylo ppodmemy. I[ekoro-
)ble BHJBI BHEPIMH, KOTOPble MBI XOTUM paccMarpuBaTh OT-
1aJbHO, BRI3BIBAIOT CHIY fi, IpmIeM

885/9z" = — fi, (345)

rge S — TeH30p, COOTBETCTBYOINHA YOOMAHYTHIM BHIAM
sHeprum. Tpebyercsa HaliTnm opMyTsl mpeo6pasoBaBis IOJI-
HON SHeprum m MOJAHOrO mMuyabca. IIycTs paccmaTpuBacMas
cucTeMa moxontes B cucteMe K’ 1. e. myers B K’ ee moa-
Helt umnyasc pasern myaw (G’ =0); mycrs, kpome Toro,
BeJMTHHBI, ONHCBLIBAIOINIE COCTOAHNE CHCTEMBI, He B3aBHCAT
OT BpeMeHI.

*) B cBi3H C BAKOHOM MOMEHT3 MMUYJBCA YEA/REM, 4T0 JOMTeHR
{204] smesn B Teopuio MoMenT cui Kak Ousexrop Nix = 7:Kx — 2K
(Ki — nervipexyeprag cui1a MuBKOBCKOrO).
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Hanee Moxuo npru mgeyma nyraMmn, Bo-mepBsix, MOKHO
npeo6pasoBaTh CHAYANA IUIOTHOCTH PHEPTUH M UJIOTHOCTH HM-
Oyakca K ABHMCYILEIiCS CHCTeMe, 9TO JIErKO OCYI[eCTBIAeTCs
¢ noMompio Qopmysa npeofpasoBaHHA KOMIOHEHT CHMMeT-
PHTHOTO TeH30pa, a 3aTeM NUTerpuposath mo oGbemy. Taxmm
oyrem mea Jlays [216]. Ilpu atom noayuaem

1 v ’
= e 2| B ' V’];
G Vi = = [E +§S__d
Gy = —:2 j'S;y av', ... (346)

__1 / _vfy' ,
E_Vi—BZ[E+CZ Sde].

Ecan, B vacrmocTn, mampaiieHHA mnpeacTaBAAT coboil
IOCTOAHHOE B IPOCTPAHCTBE CKAJAAPHOE fAaBlleHme p, TO, Kak
BoepBhie mokazan Iliaux [209] B ero ocmoBsmoil A%a pmuHA-
MEKN ABIDKYymnxca cucreM paGore (cM. ramme [217]),

Gy = —1——%(E’ +p'VYy G, =G, =0
Vi-g®
1 v’
E B ey (E, + -5 pr,).
Vi—p ¢
Bo-BTopsIx, MOKHO DpPOBECTH paccMOTpeHHe, NOROGHO
nposenensoMy B § 21 fnokasareabcTBY BEKTOPHOIO XapaKTe-
pa BequmumH J,. 3fech CYIIECTBENHO y4ecTh, UTO HMHTErpan
mo cedennio z'?=const me Mos;cer GuITH LPOCTO 3aMeHeH
HHTeTpazoM mo cedernuio r*=const. YmomaumyTele maTerpa-
IBl OTJIAYAKOTCA APYr OT APYra MHTErpaioM

= naz,
PacnpocTpaHeHEBIM HA UYeTHIPeXMEPHYH 00JacTh MemxIy
ofoumm ceuenmaMu. Ecam ocs X manpasnth mo Hanpasie-

HAI0 cKopoct chcTeMbl K oTnocmreasHo K', To merko mafi-
feM, 9TO

{fiaz=p [ fiarav,

0 IocJe NPOMEKYTOUIIbIX BBITICASHITH goaqyanM

= A

(346a)
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v f o .
Gy-c—zjfuzz: av'; G, = ...; (347)

E = V_ii_:__ﬁ_z[g n 52},*,2:’ dV'].

9rm gopmyanl poaydeunt Siiamureiinom [218]: C mo-
MOIIEI0 DHTCCPHPOBAUHA [0 YacTAM OHE MOTYT OBITH Ope-
obpasoBassl B hopMmynsl Jlaya,

§ 44. llpumenenne K cnoenuanbubiM CHyTasmM.
Ormr Tpoyrona — Hoban

IIpoctoe paccy:sjienne Nokaspidaer, 4To coraacao op-
MyJiaM npeo0pasoBaHnA DPeNATHBHCTCKON MeXaHHKW IBHMY-
meecs TBepJoe TeJO BAXOAHTCA B paBHoBECAH OTHIONb HE
TOTJa, KOIFa PpesyJbTUPYIOMMHA MOMeHT OpPHIOMeHHHX K
HEMY cImJl pasen Hyaio. PaceMoTpnM, HampmMep, cTepiKeHb,
KoTopwifi B cncTeMe K ABWIKeTcA ¢O CKOPOCTBIO U B HAIpas-
aeruu cua z [219). Ilycte B conyTcrBywmie cTep;KHIO CH-
creMe K’ ma o6a KoHLA cTepskHA Hel¢TBYIOT MO0 OCH CTepPIK-
B paBRble, HO [POTHBOMOJO/KHO HalpasjleHHbIE CHIBL
ITycts, panee, mamepensniii B K’ yron Memay crepHeM o
crkopocrsio u (ocwio z') K’ ormocutenvmo K pasen . Ecam
z2’, ¥’ cyTh pasHOCTH KOOPANHAT KOHIOB cTep:kEA B K', a z
B J — cOOTBeTCTRyWINne 3nauenna B K, To

Ky =K |cose K,',: 'K’ |sin o
7 cornacuo (213):
K.=Ky K,=K,V1—p
B IPOTHBONONOMKHOCT COOTHOUIEHHAM
z=2V1-8% y=y
Taxkum obpasonm, B K cnja He HampasleHa [0 CTePHRHIO.
Bosuwraer MOMeHT CHJI

Lt - —
N, = (1 = B2k} — yKs = — pr'K} =
= — (%, K'[sinacosa. (348)
Teneps BcTaeT BOTpOC, IMoYeMy, HecMOTDsL HA HaJmdme Mo-
MeHTa cuil, BpalleBEme cleprHA He myeer mecTa. Cpasy e

!
BaMeTmM, uTO CUJABl YNIPVEOCTH, ypaBeoBemmeaomme B K
puemene cuan I, npecGpasylorca copeplIcund TAK K, KaK
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81H nocaefpnne. [lostomy 8 creteme K npucyrcrByer MOMeST
CRAT yupyrocTn, KOTOphHl KOMUCHCHPYET sdellnnil MoMedT V.
Doxee raybokas npuuuna TOro, UTO 37eCh CHAL yHpyrocTa
He Haupapiensl DO CTePIKUI0, BAKJIIOUASICA B BEDOSMOMKHO-
€TH OpejeTaBaTh OX B BAAS JHRBEPreHNNN HeKOTOPOro Tehso-
pa paupmwennsil; HMeHHO, OKA3bisaercs, 970 ROMAMO BTl
JHBEPren My OPHCYTCTBYET YJAEH, BLI3BARUHI M3MeHeRucl
niornocTs mMnyanca po spemenu (cm. § 42). Humecaeny-
0Iee paccMoTpedlie MOKA3H/BACT, 9TO OTCIOA noaydaercs
TAKIKG W KOJHUECTHCHHO NpPABBJILHOE 3maYedne MOMCHTA
e, MomenT yupyrax can N pases B3sATOH CO 3HAKOM M-
HYC [POH3BOAUUH OT ULOJUOL0 YNPYrore MOMEHTR Koauue-
cTBa gumnenun L, 1. e. coraacno (344):

L - j [rg] V., (34%a)

Brison sror auanormnew susofy Jlopesna num  cayuan
saextpomargntaux caa {220]. Hockoavky B K’ sce senn-
YUHL HE 8a8ACAT OT LPeMenHd, Jerko HAXOONM

N = —[uG]. (344h)

Tloatomy cunpejenesme MOMCATA CHJ CBEACHO K BaXOiK7ic-
oM 0O0AHOIO YUPYIOro BMIOYyJILCa

G=J§§SdV,
c

B samem cayaae notox sHeprum BCerna napaiieles ga-
OpABAEHUIO CTePsKHs, a puacapocrpauveHuwll pa cedenpe
CTePIKHA BHTCrpat

(S.do={1S1d0

pasen, B cmay 3akona coxpaiesus aueprum, pabGore (Ku).
Hoatomy.

G =(1/¢%) (Ku)r,

e ¥ - BEeKTOP ¢ womunonenTamu z m y. lloacrasasa oto
saasenne B (344b), voayaaem:

[N{ = (1/¢®) (Ku)} [ur] | = 2Ky’ = B, | K |sinzcosa.

D1oT MOMEHBT, Takum ofpascM, AciicTBATeNLHO TOTHO KOM-
gercmpyer Moment (348).
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AHanoruusbe paccy:kAeHHs HO3BOIAIOT pasofpaTb cay-
yafli OPAMOYTOJABHOrO pelYara, AAA KOTOPOro HAJNMUHE MO-
menTa cult Obito ykasawmo Jlptomcom u Tonmenmom [221] =
o6bACHCHO HA 0CHOBE TeOPCMEl 00 HMDYyJabce MOTOKA duep-
run Jlays [222].

Ecan cumrars, 9T0 BHENIHHEe CIUTB, AeficTBYOI(HE HA pac-
eMATPUBAEeMbIHl cTepyKenb, BHI3BAHBI HAJUYHEM HA €ro KOH-
1aX MaJeHbKHX B3apMIKEeHHBIX LIAPHKOB, TO HYMCH JHAIOb
ge6oabiiofl mar, yTobsl NPUATH K 9KCLEPHMEHTAIbHON yera-
poske Tpoyroua m HobGua [8, 220]. Oru asropsl umcciremo-
Ball, YCTAHABIHBAETCA NH 3apKEHHBI KOHIEHCATOD HEp-
NeHAHKYIAPHO K HampasieHnio ABmKenna Jemma. B cmere-
Me, B KOTODO#l KOBJIGHCATOD MBIDKETCH €O CKOPOCTHIO W B Ha-
DpARAEHHH OCIl Z, AIEKTPOMArBATHOE MoAe Cco3faeT, BOOGNe
TOBOPS, MOMEHT CILI, RelicTBYISmuil Ha komgeucarop *). OGo-
3EAYEM o yrod Me;RAY MOPMAaZbl0 K IJAcTHHE KOHIeHCa-
TOpa H CKOpOCTHIO U, depe3 W' — miormoers sHeprom o de-
pe3 £’ — 2JIeXTpPOCTaTHYECKYI0 DHEPIWI0 B CONYTCTBYMOIeil
encreme K'. Hmnynse B comyTersytomeil cucTeMe MORCYATEHI-
paerca o (346). Ilocronsky mone B K’ cecrour Tonbko m3
GIAHOPOJHOP0 JIEKTPOCTATIIECKOTO MO MeKAY [JacTuna-
Mi KOBJ[EHCATOPA, KOTOpBe eMy MePHeHAUKYIADHB, uMeeM:

E.=|E|cosa’; E,=|E|sina,
m pas S;x u S;y HAXOAHM
S, =W —E2=W{—2cosa’);

’

’ ! .
Syy = — E,E, = 2W’'sina’ cosa’.

Tlopcrasasa atu supaenns B (346), monyuaem

u E’ u E' .
Onm g B eoste) 25y = s
G ——2% E'sina’ cosa’ = — % E’sin 2a’,
¥ CZ 62

(349)

Ecam oTRIeYLCs OT WICHOB BBICIIEr0 OOPAJAKA, TO HMIYJIbC

*) Tocaensnii ooy cM. y Jlays [223]. O noTopeEum omsITa
Tpoyrona — Hodan ¢ Gompurell TOYHOCTBIO, @ TarMe O JPY'HX BKe-
HEePHMeNTaNbuLX padoTaX, CBA3AHHBX ¢ LHPOBCPKOH TeopHH OTHOCH-
rensuocTn ¥ ocymectsiennsix 1o 1928 r., cm. C. H. Basunop [224%].—

. Ooumeu. ped.
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mapamzenen nracrnraM. Otciona, cornacuo (344b), maxommm
MOMEHT CcHJI:

IN| = uG, = B?E’ sin 2a/, (350)

Tem me MenHee He HabuaofaeTcA HEKAKOro BpAIleHHS KOH-
HeHCAaTOopa, YTO ¢ TOYKW 3PeHHs OPHHNUIA OTHOCHTEJILHOCTH
scHo 3apanee. Eme B 1904 r. Jlopenn (cm. [225]) mam aro-
My darTy npasujibHoe o0bAcHeHHe, IPEANONOMKHEB, YTO yI-
pyrue cuiabl mpeolpasyioTCa TaK e, KAK SJIeKTPOMArHATHEe.
Bonee rayGoko mpeacrasiemme Jlaya [226], cormacHo Ko-
TOPOMY HUMIYJbC [OTOKA yIPYyroil sHeprum BHIBBIBAET MOMEHT
CUJI, B TOYHOCTH KOMIEeHCHPYIOIMUN aneKrpoMaruaTbiii. Jlays
[227] wmccmemoman rakmke B feransx, Kak ofpasyerca Mo-
ment cun (350). [las aroro cymecrsenso, uro B K', mapany
¢ cunamm |K;|= E'/d, nepuenpuxyaspEsiMg k mractmaay,
Ha KORAYIO MIACcTHHY JeHfCTBYIOT CHJIBI, MEPUEHIUKYJIAPHLIE
K ee Kpaw U Jealiue B OfHON ¢ Heli miockocrd. Ecau
II&CTHHBl HMeIOT (OpMy OPAMOYrOJALHAKA €O CTOPOHAMH 4

u b, TO mepuenNUKYNAPHO K Kpalo b gedicrayer cmma | K| =

= !/,E’/a, nepnenpurynspuo x xpao ¢ — cuia| K;|=1,E'/b.
Ecnm, panee, kpaii b IepmemAmKy.Ispen K CKOPOCTH U, TO
cany K; mosuo me yunrssars. [Ipraosennsie B cucremax

K’ m K cuinm K1 n I\g n coorBer¢rBenno K; m K; m3ofpa-
JKeHBI Ha puc. 4.

IIyrem mpeoGpasosanusa cua k cucreme K cpasy ke moay-
yaerca MomeHT cua. Ilapa cunr K, puismiBaer moxosmmy mo-
menTa cma; ob6e napel cun Ky o0ycrosaupaior Apyrywo moJo-
suny. Bripaskenne (347) jna mMmMoyasca TawiKe Jerko mpo-
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pepaerca. OxasviBaercs, fajnee, 910
’ .
Sfx:r’ dV' = E’ (sin?a’ — cos?a’);
’ .
S fyx’ dV' = 2E'sina’ cosa’,

OTRYNa cHoBa ciaepyior dgopmynst (349).

MoMeHT cui BOBHHKaeT ODPH PABHOMEDHOM XBEKEHME R
OpH APYrEX pacupefesieHUAX 3apsfia, a He TOJBKO B clydae
KOHJEHCATOpa M ABYX TOUEYHHIX 3apfAfoB Ha crep:He. Tax,
MOMEHT cmJI BO3HHKAeT B ciayuae sinuncomga [228]. Opma-
KO, COITACHO TEOpPUH OTHOCHUTENLHOCTH, BpallleHHe He BOa-
HUKaeT HWKorga. B ciaywae, ecu B COOTBETCTBYIOHIEH cH-
crese K’ mone cdepnyecku-caMmerpuyHo, To B K mMOydanc
napajjienes u u coriacHo (344b) MomenT cma Hcuesaer.
3necs ,

[soav =0, [snav={s,av={s.av,
wus S, + S;y + S, =W clefyeT TAaKme, 9T0 KarKIHi

A3 Tpex NoclefHAX uMHTerpasos pases '[3E’. Ilosromy co-
raacao (346)

’ ’ 1 2; 2
G=12_ 4'/:}E o E=E (1+ /3"" /C) ) (35,1)
[

Vi—p’ Vi—p

(O opuMeHeHmSAX 9THX COOTHONIEHHH K OTHEJIBLHOMY B3JEK-
TPOHY M. I, V.)

§ 45. TugpopunaMuxa U TeopuA YNUPYrocTH

PensiTuBucTcKag TeOpHA YIPYroCTE HCTOPUIECKH BO3-
HAKJIA M3 OOOBITKH CHeJaTbh NPHrOfHEIM H B TeOpUA OTHO~
CUTeJIBHOCTH HOHATHE TBEPROro Tena. ECTecTBeHHO, BHadale
BY:HO GBUIO HCKaTh TaKoe olpefesieHNe TBePHOTO Tejxa, KO-
TOpOe WHBAPHAHTHO OTHOCHTE/JLHO mpeobpasosarmsa JlopeHOa,
Tlono6noe ompegenerue Onuto mamo DBopmom [229]). Temo
cumTaeTcs TBepABIM TOTMa, Korga B cucreMe Ko, B Koropoi
onpefeneHBLI dJieMeHT of6beMa Tela B paccMaTPUBAEMBIi
MOMEHT MOKOMTCH, 9TOT 9JeMeHT He AedopMmUpOBaH., Amanu-
THYECKH BTO MOKeT OmTh cOpMYJIHPOBAHO TaK: TeYyeHHe
nedopmupyemoil cpegsl Mbl GyaeM omuchiBaTh MeTomoM Jlar-
paHka, T. €. 3afajiuM KoopguEAaTH z!, ..., z! Kar $ymrnmm
BadaxbHBX KooppmmEar E!, ..., E%® m coGcrBemEOro BpeMeEm

42 B, mayau
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T, man, n3 coo0paskeRnil cHMMETDPUH, KOOPAHHATH E* = jcT:
Pt (R L., BY). {352)
dneMeHT MUPOBOH NUHIE
ds? =3 (dz")?

OBYX COCeHHX NPOCTPAHCTBEHHO-BPeMEHHBIX TOUYEK Iped-
cTaBiseTcs TOrfa Kak Keajgparmusas gopma or pudepen-
nuaaos dg':

ds? = A,dE'dE". (353)

Ecaun mb1 OymeM, B 3acTHOCTH, paccMarpusaTh Te MUPO-
BBIE TOYKIH, KOTOPble ONHOBPCMEHHB! AJA HAOI0OJATeNsd, co-
OYTCTBYIOIIEro B JAHHBIH MOMEHT 3JeMeHTY o0beMa,— dTH
TOYKH YHZOBJICTBOPAIOT YPaBHEHHIO

udx' = w,0x'/08*dE* =0 (354)

(ui — 4-cropocts),— 10 dE* mewamouaerca w3 (353) m ds?
CTaHOBUTCH RBaIIpaTH'}B()H gopMoil NPOCTPAHCTBEHHBIX AuQ-
depeHINANIOB:

2 Py 98 dg! (395)

1k1

Orknonenna BeNWYHR pg; OT HX HAYATLHEIX 3HAYeHH
XapakTepuayor AedopManuio saemeHTa obbema. [{na 1Bep-
ZOro Teaa STH OTKIOHEHHA JOMKHBI BCerja mMcie3arh, T. e.
MBI 1OJKHBI UMETH

Opalost = 0. (356)

Ilpocroe paccyssgernme Operdecra [230] morassBaer,
ofHaKo, 9TO momo0HOE TeJo He MOKeT OBITH NPHBEIEHO BO
spameune. Ecau 65l 970 OBHLIO BO3MOMEHO, TO ¢ OFHOE CcTO-
POHBI, QJINHA OKPY/KHOCTH, OPOBeJeHHCH depes TOUKH TeJa,
pgo/ykHa Obla OBl YMEHBIIATHCS BCJAEACTBHE JIOPEHIEBA CO-
Kpaulewnsa, a ¢ APYrofl CTOPOHEI, ee pajMyCH, Bcerja mep-
OeHIUKYJAAPHbIE K CKOPOCTH, He ROJUKHE! Opiiu Gel uaMe-
mateca. Jlanee, epraory [231] u Herep [232] mesarmen-
MO JIPYT OT Apyra IOKasanm, 9To TBepAoe (B cMbicae Bopma)
TeJro uMeeT TOJBKO TPH CTENEHH CBOGOAB B HPOTHBOIO-
N0 BOCTL LIECTH CTeNeHAM CcBOGONBI TBePROTO Tejia CTapoi
mexasnkn. Ecam oTBiedbes 0T HEKOTOPHIX 0COGBIX ciaydaes,
TO [BHEHHUE TeJa NOJHOCTHI0 Ompefessiercs 3aJaHmeM ABH-
skeHnA onHOH ero Touxkd. CKasagHOEe WOPOMUIO CHJILHOE CO-



§ 45. TIAPOOUHAMUKA B TEOPHA VIIPYTOCTH 179

MHEEHEe B BO3MOJKHOCTH BBeJCHAS B pEIATHBHCTCKYIO
MEX8UHKY HoHATHA TBepporo Teaa (cm. takke {233]).
OxondaTensHOe BhIfiICTIEHmE BOompoca npuuecna pabora Jlaya
[234]. Iyrem suoame anemenrapuux paccysxjienuit Jlays
moKasaj, 4YTo YHCJA0 KHHeMarnuecKuX cremeneil ¢cBoGopgsl Jio-
Goro Teaa COriacHO TEOPUA OTHOCHTENBLHOCTH HEe MOMKeT
‘ORITE OrpanpueHBbIM. JledcTBATENLHO, NOCKOABKY HAKAKOE
gelicTBUE He MOMKeT pPacHpOCTPAHATHECA CO CBePXCBETOBOM
CKOPOCTLIO, HOCTOALKY TOJYOK, COOOIMIEHHLIA Tedy OfHOBpe-
MEeHHO B n pasinvuHLIX Mecrax, ghaxaJde pcer[ja BbI30BET
IBEIKEHNE® MULBUMYM C 7 CTedeRAME CBOGOMBI.

Ecan, raknm ofpasoM, nonsrwue reepdozo Teaa B pens-
THBHCTCKOA MEXaHuKe He HMeeT MecTa, TO TeM He MeHee
geo0X0iNMO W eCTEeCTBENHO BBeCTH NOHATHe Teepdozo Osu-
acernun tena. ToepawiM ecTecTBenuo HashLBaTh Takoe [ABHIKE-
HEe, Opn Koropom ycaosme Lopsa (356) mumoameno. Iepr-
aory [235] pasema 103TOMY peNSITHRUCTCKYIO TeOpHiO yupy-
rocTn, Gasmpyiowmylocs Ha ODEANOJOIKEHNH, YTO Hanpsaxie-
BEA - Bcerja BO3HHOKAW0T, Korga ycaosnn Bopma (356) ma-
pymeHbl, YpapueHHs EBIDKENNs BLIBONSTCH U3 RapHAIHOH-
HOIo OpUHENHNA

Csfoa,...a -0, (357)

rne @ — dysxuns senmamn Ay, onnckiBaomux AedopMmannio
(cM. (353)) m BriGpamHLIX Tak, 970 B ciydae mokoa @ za-
BHCHT OT pi TaK 3Ke, Kak (ynkumsa Jlarpauma oObkROBeH-
Hoit Tcopum yupyrocta. [lonyueBunie orcioa ypamHeRESA
ABIKENHA YKNa[bl3aloTca B cxeMy ypasmenuii Jlays (340)
m (341).

3aeck MOXKHO Takie 3aMeTHTh, 970 Jlays [213]%*), B or-
IM9YRe OT abCOAOTHBIY, BBOJAAT TAKMKe OTHOCUTEAbHble Ha-
opsurenns. Us (341) caenyer, urto

o~ aT" '
. . i .
g =— 22—t (i=1,23). (358a)
- ox
=1
TTockonbKy sfech B 1eBoif uacTH CTONT 40KAAbHAR, & He
noauan (cyberanyuonaibras) CKOPOCTh N3MEHEHHMA MJIOTHO-
CTH UMNYIbCa, HPOCTPAHCTBEHHBIE KOMUOHEHTHI Temaopa T
He ecTh KoMmlOHentT yopyruXx Hanpsskennil. CyGeramnmo-
BaabHan upousposnas dg/di mIOTHOCTH EMOyJbca oOmpefe-

*) B SJI[‘,KTI')O.'IHﬂﬂ.\llﬂ(e ABIMMYHIAXCA TEA OTHOCHTEJALObIe Haﬂ‘pﬂ<
Meuns enie paubfle amalornvuEL ofpasoM BBen AGparam [236],

12*
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nseTCA Tenepb TAaK:

3
dgy  ogy a
CairTi 21 i (gitea),

H, cJefloBaTeldnHo,

dg; oT?

- = o (358b)
rae

To=To—gu, (i, k=1, 2, 3). (359)

Crnegyer mMerb B BRJY, 9T0 OTHOCATENBARIE HAUPAKEHHS
T mecnmmerpnumnl. @QopMyanl npeobpasoBanpa MIA HOX
TAKOBBI:

Txx = Tg.x: 7-‘yy = Tgy; Tzz = T(z)z;
i T.?ry . . TZZ .

Tu=VI=BTh; Tau=VI—PT Ty=T
(360)

B oramume 0T COOTBETCTBYWOIMIUX COOTHoIIeHHH paa abco-
NOTHBIX Haup#A;keHnH niaoTHocTh aveprmd Wy B popmyus:
npeoGpasoBanusa He Bxoput. Ecam B wyactEOM ciydae B Io-
KoAuleficd cucTeMe TpPeXMepPHBIH TeH30D HADDPAKEHNH ecTh
CHAaXIAp, T. €.

Th = p,d; (i, k=1,23),
T0 TaKMKe
Tih = poﬁ’i‘.

Takum obpasoM, ckaadpHoe OasaeHue A6AAeTCR UHBApU-
anTOM:

P=ro | (361)

1o caenyer Tae npsamo u3 fopmyn mpeobpasoBaHua Aaa
cua W niomajeli, ecm onpefeNuTh faBjieHMe Kak CHUy Ha
enmEAny nosepxmoctm [237]*) (cm. Tarme B § 32,8 06
MHBAPUAHTHOCTH JABJIEHUs CBETA),

3l

T, =

— 0.
Ty2=TUZO

I

*) Bneprrie ma 210 yxasax [laamk [209].
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VpaBnenns ABU/KEHHA OPUHOMAKT CPABEATENbHO NPO-
cTyi0 PopMy B ciyuae KBAKOCTH, [Ie TPeXMepHBI Ten3op
gampAKennil BHIPOKAAETCA B CKanAp. ITUM COENHAABHBIM
crydaeM sanmManuck kpome [epraorma [235], Ursaroscxni
(238] m Jlamna [239]; pesynpTarel aTmx aBTOpOB cOBNa-

pawot. Ecan [ 03gavaer MJIOTHOCTH Macchl HOKOA, P — JAaB-
: 1
geane u P, rag o0blMHO B rujipoj(uBaMuUKe,— ﬂnrerpanyf—,

0
TO TEH30D SHeprug-UMUyiabca paBeR, Ang aguabarmuecKux

LPOILECCOB,

T} =l (1 + —-?2-) uut + pdh. (362)
W3 ypaBreruii

8T} /oz" =0

BLITEKAET, I0CJ]Ie CKAJNAPHOIO YMHOMKeUuus Ha u.’, Ypasnenne
HelIPepLIBHOCTH

dpgu”/oz* = 0, (363)
a 3aTeM U YDABHGHUE BHIKEeHAN
P\ ap d p )

B cnyuae moxos T pasEO OGLYHOMY BLIpaMNceNHio A
O0J0THOCTH 3HEprun.

Brickazanuble coofpaskeBna HPeACTaBAAIT [EHHOCTH
TOOBKO B TOM OTHOIIEHHH, YTO OHH IOKa3LIBAKT 803MOJC-
HOCT® CO3JaHHA HenpoTmBopeunBoll PeJATHBHCTCKOH rmjpo-
AuBaMpkn u Teopmu ymnpyroctu. B ¢usmueckom ormomenun
OHM HHYEro HOBOTO He [aloT, TAK Kak B cpejax, rjge CKo-
pocTh YOPYIAX BOJH Maja M0 CPAaBHEHHIO €O CKOPOCTHIO
cBeTa, YPABHEHNA PeNATHBHCTCKOA Teopam yOpyrocTd Ipax-
THYeCKH He OTAHYAIOTCH OT OOLIIHBIX.

Kax [epraorm, Tag m Jlamna penaior ma cbomX ypaBme-
HAl TOT BBHIBOJ, 4TO CIKAM3eMOCTh JO/UKHA HMeTh HHKHIOWO
rpangmy, TAK KaK mOade ynpyrue BOJHEL Morau 6wl pacupo-
‘CTpaHATLCA CO CBepxcBeroBoil cropocTwio. Ham wasercs,
OHAKO, UTO M3 NPHUHOUNA OTHOCHTEJIbHOCTH HENb3d CHeJNATh
BUKAaKdX BHIBOAOB o Benuunmbe crennesnsa. Feam crarmge-
cKag CIKEMaeMocTh mpubamskaercs K ykasaumoii I'eprior-
neM m Jlamna rpammme, 10 (eHOMEHONOTHICCKHE YPABOCHHA
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y»e, BepOATHO, RepepHbl.. Mbl mpmxommM moatoMy K Juc-
nepcuu yOpyrax BOJIH, B MOJOMKEHHEe CTAHOBHTCA MOJO00HLIM
paccmorpernoMy B § 36,0 mas cayvas CBeTOBLIX BOJH.

D. TEPMOJHHAMIIKA 1 CTATUCTRRA

§ 46. Hosenenne TepMonnmaMHuecKNX BeaANMUH
upa npeodpasoBannax Jlopeuna

Qopmyasr npeobpasosanus TEPMOANEAMETECKIX BEIHIHH
OpHE Hepexofle K ABHkYyIielica cucreMe koopamuat Onutu ye-
ragoBiaenp lInamkom *) B ero ¢ympgamemtanpHoil padore mo
JEAAMAKe ABAKYIlefica cucTeMbl. Ilpu sToM om mexoana m3
papmanmonHOro mpmHuugma. llpefcraBasercda, ogmako, Bo3-
MOKHBIM, KaK nokaszax Jitmmreiin [241], suBecrn dopmyns
mpeofpasoBanua HPAMEIM cnocofoM; BapuanMonnbll DpmE-
OUO IOJAYdYaeTCA NPH 3TOM KaK CJelcTBHE.

ComocraruM cpauaja emie pas BeIpajkenHa AJia 06beMoB,
JABIEHHA, SHEPIUM W HMIYTIbCA, NPAYEM OPENUONOMAM, 9TO
yOpyrme HaNpAKeHHSA ONpEefeNAIOTCA TOABKO CKANAPHBIM
NaBIeHUIEM

V=V,1—p3 (7a)
P = po; ) (361)

¢ — 52
1 . (346a)
Orciofa caefyeT TakKMe, 4To
E +pV
E+pV= ~1—}-1—%;°~; G == (E + pY). (346b)

Msr nomskHBl Teneph YCTAHOBHTB COOTBETCTBYIOINHE CO-
OTHOINEHHA ANA KOJUYECTBA TEUJOTH, TEMIepaTypsl W 3HT-
ponau. Ecam dQ o603HaunTh KOJAIECTBO NOXBEEHHOH K CH-
cTeMe TemnaoTsl, a dA — NpOH3BeJleHHYI0 HAJ CHCTCMOH pa-

*) M. Planck [209]. Cy. ramwe pabory [240], asTop KoTopoii me-
sasmcunmo o7 Ilnanka opumen apyraM METOROM K TeM ike PeayipraraM,
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fory BHeOIHEX CHJ, TO
dQ = dE — d4;

dA = —pdV + (udG).

Bropoit unen amech cymlecTBed, Tak Kak, cormacHo (346),
OH He HcHe3aeT fake B TOM ciaydvae, ecim up:a A3MeReHUT
COCTOAHHA CHUCTEeMbl €€ CKOpDOCTB ocTaercs UOCTOﬂHHOﬁ; oo~
cle[Hee HIMKe mpelnonaraerci. MI:] OoJy4sacMm
1 W/t
90 = g 98+ Ak -

(365)

u2

1 —_—
_?T—E[dEo + d(peVy)] +V1—’(32Podvo=

=V TP (AE, + p,AVy) = V 1 =B d0,
H, CIe[0BATEIbHO, '
Q=Qo¥1 - B (366)

dro BHIpaKeHme COBIAJaer ¢ BhIBeeHHBIM paHee hpeobpa-
soBaHmeM MIs Mmxoyiesa temaa (cMm. (293)).

‘Coobmiesne Kakoii-nu6o cmcTeMe CKOPOCTH W MOMET pac-
cmaTpuBaTLcA Kak apuaGarmucckmi mponecc. Ilostomy an7-
ponus ocTaeTca HeH3MeHHOH, T. €. OHa Of@BAKOBA AJA ABH-
mymeiica B DoKoallelica CHCTeM. DTO O3HAYaeT, 9T0 SHTPO-
OEs UHEAPUAHTHA OTHOCHTENbHO mpeoGpasoBamma Jlopemua:

S =8 (367)

Ecam KonmmdecrBo TemIoTht dQ sBefeHo GeCKOHETHO MEANeR-
HO, TO

dQ =TdS.
M3 (366) u (367) oTciofia cpasy HaXOAEM: .
T =TV i= % (368)

Ionyuennsie opMynsl MO3BOJAIOT CONOCTABATE KAKAOMY
COQTHOWIEBHIO MemaAy xapamepuaylommm COCTOAAHAE CHCTe-
Mbl BenuumBEaMm po, Vo, Eo, Go w To B mokoameiica cucreme
COOTBETCTBYIOIee COOTHOMIEHHE MeKAY BTHMH BEIRYHHAMHE
B mBuwmymeiica cocreme. B gacTBocTH, MOMeT GBITH ompeje-
NleAa 3aBUCHMOCTh YDPaBHEHHSl COCTOAHHA BeIIeCTBA OT ero
CKopoCTH.
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§ 47. lpunuun wanMenpmero jeiicreus

B crapoii TepMmofuBaMmKe YpaBHEHHDE COCTOSHHUSA MOKeT
6bITH OIpPEeTeHO € NOMOU[BI0 BAPHANMOHHOrQ NPHHIUIA

[242]
tﬁ
{8 (= F + Euu) + 84} dt = 0,
ty

rae F — cBoGoguas sHeprus:
F=E-TS.

HesaBnmcuMmbiMn nepeMeHHBIME ABJSIOTCA NPOCTPAHCTBEHHEBIE
KOOPAUHATHI CHCTeMEI, o0BeM u Temmeparypa; 84 ects pa-
Oora, coBepllaeMas DDH BAPLUPOBAHHA STUX HAPAMETPOE.
Ilpu m3MeReHMW He3aBHCHMBIX HePeMeHHBIX BapblpyeMas
bymKuHa un3MeHAeTcs H3BecTHHIM ofpasoM. QPymknma peit-
CTBHA

=—F+ E.xq

pacmajaercd 3Jech Ha /iBe 9acTH, OHA O3 KOTOPLIX 3&BUCHT
TOALKO OT CKOPOCTH, & Apyrag — OT BHYTPEHHMX NapaMer-
po tena V u 7. B pensrusuctckoid Mexanmxe nopoGEas
dyBROuA JeficTBOA Tak/Ke CYINECTBYET, OJHAKO OHA YiKe He
MoO:keT OBITh Pa3joKeHa YKa3aHHBIM 00pasoM Ha JiBe 9acTH.
HeitcrBuTenabro, aia:

— —E+TS+(uG) (369)
nMeeM
2% kg %k Lk,
oz oy 0z
(370)
oL _ . 9L _ ¢
v =P G =

W3 coornoumenns

dE =(Kdr)— pdV+TdS =(udG)— pdV+TdS
caefyer, uTo

dL =(Gdu)+ pdV+ SdT.
@opmynsr (370) npegcrasasor cofoli Kak pa3 ypaBHEHHA,

BBITEKAIONIe H3 BAPHAMOHHOIO UPHHNNIA. 3aMeTHM eIe,
aro corigacHo (318a, b) m (323) maa marepmanpHOH TouKH

L= —FE4.+(uG),
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4TO MOJKET pAacCMATPHBATLCA KAK 9aCTHEBIA ciaydail BhIpaske-
goa (369). B conyrersywineii cmcreme Ko L maenTHYHO
B3ATOM CO 3HAKOM MEHYC cBoOOmHOIl smeprum Lg==—FE)+
+ ToSo. Cornacmo (346), (367), (368) ana L mMmeer mecro
caegyoman gopmyaa npeobpazoBanusa:

L= Y1 —p2L,. (371)

Orciofa BBITEKaeT, UTO HHTerpan fAelicTBEA det ABJIALTCH
ZHBAPHAHTOM, KaK 3T0 H JOIKHO OBITh.

§ 48. llpumenenne peantuBmcTCKOil MeXaHMKI
K CTaTHCTHKE

B mpocrpamcTee KaBOHHIeCKHX HDEPEMEHHBIX Dy, ¢ (CM.
§ 40) cmpasemunsa Teopema Jlmysunaa:

dp;...dgy =dp?...dgqY, (372)

TaK KaK oOHa ABJAETCA HENOCPeACTBeHHHIM CIefCTBHEM
ypaBrennit I'amnasrona. Teopema cnpasenimsa, ecTecTBEH-
HO, H B OPOCTPaBRCTBe JPYruX OepPeMeHHBIX Xy, ... Zoy, KO-
TOPBI® TOJNyvYaeM I3 KaHOHHIECKHX IyTeM NpeobpasoBammsa
¢ QYHKNUOHATBHEIM ONpefesuTeseM, PaBHBIM eIHHHIE, T. €.

dz, ...dxr,y =dzl, .. dry. (372a)

B o0mnx Teopemax cTaTHCTHKE He HCHOAB3YKTCA APYTHO
OpefnoNoAieHusA, KpoMe TeopeMbl JIMYBHAJA; O4eBHAHO, OHH
OCTAITCA cOpaBefJlBEIMM M B CTATHCTHKe, OCHOBAHHON Ha
pensaTuBHCTCKOH MexaHuke *). CopMyanpyem sTu TeopeMsl
TaK:

1. Mlycrs aneprus Kak yEKONA NepeMenHbX Zi, ..., Zaw,
ynosiersopatomnx ycaosnio (372a), 4Te m npeanonaraerca
Be3fie B fanbHelilueM, 3alaHa BhlpaKeqneM

H(I], sy "EQN):E' (373)
InTponus TOrja BHIPAMKAETCH B EIIC
S=klgV, (374)

rie V — obbewm, orpammuensmii mosepxmocThio H = E, mim
o0BeM ciaos Memay lopepxBoctaMm E < H < E -+ dE:

Ve | dr ... dra, (375)

H<E

*) M orereraeycs OT m3Menmemmil CTATHCTHYECKNX TeopeM, ¢BA-
SaBHBIX ¢ KBAHTOBOI Teopmeii,
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nin

V= S' d-’tl vee dsz-
E<H<E+dE

2. Ceo6odnas onepeus F=E — TS sanaerca Brpase-
HEAMI

F=-kTlgZ, (376)
H

Z= je*ﬁdxl ... dzgy.

3. Bakon pasnomepHo20 pacnpedesenus: cpefEme Mo
BpeMeHH oT seanqud z,0H/dx, pasum

7.0H]bz, = kT ona Beex Lot 1, ..., 2NV;

z.0H]oz,=0 pun i+ j, (377)

B qacTHOCTH, O K&HOIIH‘.IBCKHX nepeMeHnEIX

pdi=kT, qdH]dq = kT. (377a)
3fech mMeeTcs HEKOTOpOE OTAHYMEe OT OBBIYHOH MeXaRnKm.

B mocaenmeit £y = 1/2 Zpiqi, TaK 4T0 DepBoe W3 ypasle-
Hrit (377a) o3magaeT upoCTO, YTO CpefiHHe 0O BPeMEHH OT
9acTed KaHEeTHYECKOH aHeprad, COOTBETCTBYIOMNX OJHOH cTe-
nmesn cBoOO/bl, BCe PaBHBI MeKAY co00f M mpa 3TOM paBHBb
okT. B peasrusucrckoli Mexanuke cea3b Mmewdy 3arKonoM
pasHomepHozo pacnpedeasenus u cpedHell KuHeTuueckol
anepauell TepaeTca.

4. Baron  pacnpedeaenus  Makceeasaa — Boavynana.
IIycrs ameprua Hameil cucreMmbl pasbmsaeTca HA fBe vacTn

H=H (21, ..., z2.)+ Ho(Xy, ..., Xox), (378)

8aBACAMIMX OT pas3aMiBHIX nepemeHnuiX. IIycrs, mamee, unc-
J0 2n nepeMeHHBIX NepBoH 9acTH ropasfgo MeHbile 9meaa
2N nepemennbix BTOpoli uactm. Hakowen, norpebyem, atodsl
ofe rpynnsl NepeMeRHLIX HE3aBHCBMO APYT OT Apyra ooay-
9ajCh M3 PAasAdIHLIX KAHOHMYECKHX OEPEeMCHHEIX [yTeM
npeoGpa3osanua ¢ (QYHKUHOHAJNBHBIM OlpefeluTeneyM, pas-
HBIM efmAmOe. TOrga BepoATHOCTH TOro, 4TO NepBhle mnepe-
MeHHBIE HE3aBHCHMO OT 3HAYEeHME BTOPHIX IEPEMCHHLIX HMe-
10T B o0beme dz)...drz, 3HaYeRUA I, ..., ZT2., PABHA

I.’l(x)
LU(-TI, RN xzn) dx1 ) d$2n=Ae— kT dxl s dxzn. (379)
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He sasmcsimas oT z Beanuumaa A onpefensercs H3 YCJIOBHA

S W(ZTyy o ooy Ton)dzy .. dryy = 1. (379a)

Jlns cupaBefuImBOCTH 3aKOHA pacmpenenerus (379) mymso,
o HOPeNnojoeHHo0, 4To0bl BeauunmHa H, Oprta Mana 0o
CPaBHEHHIO ¢ (IIOCTOAHHOI) Beqmauuo# H.

§ 49. Coenuasnbublie cayyan

o. Manydensuwe B JBHymeica HOJOCTH
DroT caydail mpejcTABNIseT HCTOPHYECKHN HWHTepPec, TAR KakK
OH MOsKeT OBITH PaccMOTPEH DIEKTPOJHHaMUYECKH B 0e3 Teo-
puu oTHOcuTedbHocTH. [Ipm 3TOM ¢ HeoGXOAUMOCTBIO HpH-
XOIAT K BAKMI0YEHAI, 9TO JABIKYIIEHACA CBETOBOH BSHepPrudu
HY/KHO NpUOZCAaTh UMIYJALC, & CIeJ0BaTeJbHO, I HHEPTHYIO
Mmaccy. MlatepecHo, 9To 3TOT pe3ynbTar OblI HalifleH elle 10
ycTamOBIEHHA TeopuH orTHocuTenbHocTn [asemopmem [243],
BBIBOJBI KOTOPOrO B OT/IEJNbHBIX MeCTaXx HYMKAAIOTCA B yTOU-
gernu. IlonHoe pemenwe npoGiaeMel Buepsble ganx Moaes-
reiiib [244], ero peayapTaThl MIEPOKO HCIOIbL30BANNCH M
6eim o6o6mens IImamkom [209] opm BniBome dopMyn Aum-
HAMHUKM [BHKYLIEHCS CHCTEMBL.

Teopus oTHOCHTENBHOCTH MO3BonAeT (e3 TpyjAa YCTaHO-
BHTH 3aBHCHMOCTH CBCTOBOrO NABJEHWA, MMIYJIhca, DHEPIUHA
W 3HTPOOMM OT TEMIIEepaTypHl, a TAK)Ke 3aBHCHMOCTh CIIEKT-
palBHOTO paclipefefleBusA OT TeMOePaTypnl W HaNpPaBIeHHAH
ABHKEHUA TyTeM CBefleHMA ABMKyIMIeficA NonoCTH K HEOOX-
psxuof. Jlag mocmepuedl mMeeM

Ey=aTiVy py=-5alh S,=5aTiV, (380a)

m, coraacuo (369),

1

L= aliy,

Hakomen, giA HHTeHCHBHOCTH W3J1y4YeHNsA B HHTepBajle dHa-
CTOT dv W B TejecHOM yriae dQ uonydaem

3 d
K v, dv, d9, = -2% ,—"2-”-0— dQ,, (381a)
BT
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Cornacno dopaymam § 46 oTcloma opeskie Bcero noJdyuaem

0 2
1+ (1/})3 4 4V1+(1/5)ﬁ

E=E, ———
Viep (1—p)°
1 1
P=Po=§aT4T—W;
S=8§, = T3V — — — 380b
o= 3 4T (950b)
L = ey L opay
VI=pL, aTV(l—ﬁ)
~tw 1 g _Lapy 1 _ O
G“3 oz Vi—[iz 0 3aT1(1~62)3 2

Ina rtoro 9to6H onpemenuTs ® CHEKTPASbHOE pacupe-
[eNneHne B ABIIKYyUlclica IMONOCTH, WACIHIONL3YyeM CJejlyIie
merko nonysaemoie u3 gopmyx (15), (17) m (253) coor-
HOWICHN:

’ t —Bcosa ’ . 1—PBcosa
Vi Veeee——; dV = dv ———;
Vi—p Vi—p
4 — _1=B o
('l—Bcosoc)"z !
2
K dv'd = K, ddeL—EC;—:a)—‘

Ilocmenuna Benuumma Jomroa Dpeo0pasoBBIBATLCSA, KAk
kBaapar amnanryns A. Hosromy

, . 3
K, =k, ‘50055/"
(1—p%7"2
i 3
Kydvd@ =22 & Q. (381D)
¢ —;;‘,ip(l——ﬁcosa)
e —1

lanee, BcefcTREE TOrO, UTO

' ' 1 — B cos o)t
Kvld\' =dev—(—(T:EQ)2—)'
Haxogum

= 2 75 t 389
K=wT (1 —Bcosa)?’ (382)
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dra gopmyna maer saBucmMoCTbH nosnOH (T. €. NpomHTEr-
pHPOBAHHON [0 BCEM 94CTOTaM) MHTEBCUBBOCTA H3JNydeHHA
or wmampasienusa. QPopmyra (382) moker, koHe4HO, OHITH
poryuena u m3 (381b) myrem mmrerpmposaumsa mo v. Iloa-
gag oHeprada, moanyuaemasg m3 (382) ¢ moMomp COOTHO-
menns

E=V5-§-'Kd9,

coBuanaer ¢ mepeeiM ypasmenmem (380b). Boamokmocrs
SKCHEPUMEHTAIBHOTO JOKA3aTeNbeTBA WBEePTHOCTH 3SHEPrHEm
H3NydeHHs TpPeJCTaBifeTcs HBePealbHOH BelefCcTBHe MAaJo-
et ommugaemoro sdhdexra.

B. Uneanrsuwrit ras. OTknoHennsa noBejCcHAA HALANB-
HOTO rasa BeJeCTBHE PpenATHBHCTCKHX adgexrtos (3aBHCH-
MOCTH MACCH OT CKOPOCTH) OT BBIYACJIEHHOrO TO CTapoi
MeXaHnKe MOJKHO, eCTeCTBEHHO, OKHAATH ANIIb TOria, KoTAa
cpefiusas CKOPOCTh MOJEKYJN CTAanOBHTCA CPABHAMOH €O CKO-
pocThio cBera, OunpepenasoInuM 3fech ABIseTcs HapaMeTP

0 = moc¥/kT. (383)

Ilpn HOpMANBHHIX TeMIeparTypax sTOT NAapaMeTp HCKIIO-
YHUTENLHO BeJHK H CTAHOBUTCA HEGONBINAM TONBKO NPH TeM-
neparypax mopsaxka 10'? K. ITostomy sompoc o6 orTkiacHe-
HUAX DOOBeJleHAA UeaJbHOr0 ra3a oT oOBYBLIX BaKOHOB
BCGICTBHE peNATUBHCTCKUX 3(PQPEKTOB HMeeT JNHIIL TEope-
rpueckoe spavenme *). [IpoGnema Omna paspaGorama IOr-
rrepom [245]. Ilpowe Bcero npuiiTm ¥ IeNu, BHYACIAA
cBobofayo aHepruio ¢ nmoMomnio Teopemul 2 § 48. Iockons-
Ky DSHEPras MaTepuaibHoil TOUKH, BHIDAKEHHAA Uepe3s M-
OYJLCHI, PABHA

0 1
E = my* ‘/1 + =7 (p3 + Py + p:);
mOC

*) PenATuBHCTCKUEe DNONPABKA K YPaBHEHMIO COCTOMHEHSA CYIIeCT-
BCHHEI, BapaMep, 18 OGenslx KapJaKkoB @ HefiTPOHARIX sbeap. YcToii-
uynBOCThL OeJBIX KapIRKOB o0ecrieunsaercA NaBieHAEM BLIPOMIEHHOTO
3JEKTPOHNOr0, 8 HENTPOUHBIX 3BE3] — BBIPOKAEHBOIC HE{iTPOHHOTO ra-
8a. [1pu macce 3Besjhl, npesbimanomeil kpaTugeckyo Mqr (niusa Gensix,
KapaukoB M.r &~ 1,4Mo, nna meiirponnex 3zsean M. = 3M,), maor-
HOCTh BeIIecTBa HACTONLKO BO3PacTaeT, 9TO BHIPOMKAEHHHIH ras cra-
HOBATCA penATHBHCTCKAM. IIpm 3TOM ypaBHEHHE COCTOSAHHA «CMArYa-
€TCA» m 3Be3jla TepAer ycroiumsocTh, IIo aTtoMy nmoBony cM., Haupma-
Mep, kamry [11.6*].— IDpunes, ped.
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TO, ecAW NpUNATH, 9T0 mMeeTca 1 MOML BemecTBa, MBI EMeeM
F=-RTIgZ,

1
7 — 7L -

_V\s‘j‘jexp[ V + 3 4(Px+Py+Pz)}ddepydpn

rme L ecrs umcno Aroragpo; V — o0bem moxs rasa. Bu-
YpcJdeHIe JOKA3bIBAET, UTO

- AR
Z =Vmic?-2n2(— i)-—g—o(—ﬁ,
(384)
iV (ia)
F=—~RT{lgV +1g —— + const |,
rne HY — unanugpuveckans Gyuxuna anxensa i-ro poma m

n-ro mopagka ¢ i =1, 2.
Bce ocranpmble TepmolmBaMUUCCKUE BENUTHHB MOJyda-
101cA ¥3 ¢Bo0OAHOA suyepruu ofuluBnM cuoco0oM, manpumep,
oF 0 F
== —— e 1, = — T 2
» E=F T —T T T
(mesasucnmuie nepemenuanie V n T). V3 nepnore ypasoenmst
caeyer, uro

p=RT/V. (385)

Tarux obpazom, ypasnenue CocToanus udeaawilozo 2asa oc-
TAETCA HEUIMEHHUIM U 8 PEAATUSUCTCKON MeraHuke. 9DTo
CBA3a00 ¢ TeM o0CTOATeNBCTBOM, UTO 3aBHCOMOCTE CBOGO-
HOW dWepiMm U wurterpana cocroasns Z or o6beMa B pend-
THBUCTCKON MexammKe ue maMendercs, 9T0 ACHO @ & priori.
3aBHCOMOCTL HHEPTAM OT TeMUepPaTyphl yiie, oJ0AKO, HE Ta-
Kas, Kak B cTapoll Teopnm, Tak Kak

tH'V (io) 1

Haa Goavmux 3navennit ¢ mosuo aavenurs Qyarqun an-
Kels OX acuMNTOTHYECKUMH 3Ha9eBHAMU

e T
—le (lU)—V{/_a_—n—_o.
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ITyrem morapmdmmaeckoro auddepeniposana 0Tcoaa cle-
AyeT COOTHOHeHHe

tH"Y (i) _

1
sl T s A BT
HY (1) T35

KoTopoe mocie mofgcTanoBk: B (386) maer
E = RT (¢ + %/2)= Lmc® + 3/,RT, (386a)

9T0, KAK 8T0 M MNOJUKHO OBITH, HaXOAWTCA B CORJacHm CO
crapofi teopuefi. Buipaskenme (386) pgas sHepruum MOKHO
6nuio 6l TAK)KEe MOJYYHTH W3 MAaKCBEJJOBCKOro 3aKoHa pac-
upefielieAns, KOTOPEl cornacmo TeopeMe 4 § 48 oramuaerca
OT 3aKOHA paciipefle]leHHA CTAapoll MEXAHMKH TOJbKO BHIOM
sasmcmmoctn axropa 4 OT TeMneparyphl

Orraep [246] mccmemoBanm Takke Ha ocmoBe PeJIATHBH-
CTCKOH AMHAMWKE BJIHAHHE ABEMKCHHSA HAEAJbLHOTC rasa Ha
ero TepMogmEamMmiecKme cBolicTBa. (CoOTBeTCTBYWOU(HE COOT-
HOIIERHUA MOryr GuLiTh cpasy mOJYy9eHH ¢ OoMOmbIo (opMysa
opeobpasosanna § 46. [lam SKcmepEMeHTaNbHON 1pOBEpPKH
8aKOHA MECPTHOCTA PHEPTUH HAEANbHHIA ra3 eme McRee npu-
rofieH, 9eM BaN0JuSIONee MONOCTL 9YepHOe H3JIyvcHHe.



I'TABA IV
OBIIAA TEOPHA OTHOCHUTEJIBHOCTH

§ 50. Mcropudecroe sBefgeHme *)
(mo paborm Jitnmireiina 1916 r.)

3akom BeemuprHOro Tarotemmda Hplotoma, TpeGylomuit
M2ZHOGEHHOI Tepefaud AeficTBhA cHJIBI HA paccTosnue, He-
COBMECTHM €O CIeNHualbHOM Teopneilt OTHOCATEILHOCTH.
Tlocnenuan TtpeGyer pacmpocTpamenuss camoe Goibiiee co
CKopocThIo cBeTa ¥*), a Tarkke KOBADUAHTHOCTH 3aKOHOB TA-
rOTeHNA OTHOCHTENbHO npeobGpasopamuit Jlopemna. Ewme IIy-
agkape [14] mpitamcs maliTn Takoe BHIOHM3MEHEHHNE 33KOHA
1arotenns HeloToma, KoTopoe ymosaeTBopsanao GBI aTHM Tpe-
GoBaHUAM. JTOr0 MOFKHO MOCTHIHYTh MHOTIIMEH Croco0aMH,
TPUBOIALINMU K TOMY, YTO CIJIBI B3auMogeificTBIa HBYX Mas
TEpPHAJAbHBIX TOUEK BaBUCAT HE OT UX 00HOGPEMEHN020 WO-
AO0KEHHA, & 0T NOJOKEHH{l, pasNNualoOU[INCA HPOMEHKYTKOM
BpeMeHHU ¢ =rfc, a TaxMKe oT CKopocTell W, BO3MOKHO, YyC-
Kopernii. Ormmonennua or saxoma HpioToHa Bcerfa BTOPOTO
mopsaKa no v/c u, TakmMm ofpasoM, Bcerfga 09eHR MAJbl W HE
nporuBopedar ombiTy ***), Mumkosckuil [64] n 3ommep-
dexasy [65] npmpgann eeipamennio Ilyamxape dopMy, coot-
BETCTBYIOIIYI0 HYeTHIPEXMEPHOMY BEKTOPHOMY HCUUCACHHIO;
OmMHE cnenuansHnil 3akom obcymaasaca Jlopemnem [248],

HMporne Bcex sTHX ncenepopauilii MOKHO BO3PA3HTH, 4TO
OHH OCHOBAHBI Ha JIEMEHTAPHOM 3aKOHE /JIA CHJLI, a HE Ha
mndepenunaabaoM ypasaennn [Iyaccona. Mesxay tem, ecan
VK OKas3BIBaeTCH, UTO MeHCTBHE PacmpocTpaHserca ¢ KOHeU-
HOH CKODOCTBIO, TO OKIJATH NPOCTHIZ OOLMIETIPHMEHEMBIX 3a-

*) O craphIx DONBITKAX U3MEHEHMA 3aKOHA TAToTeHna Hplotoma
CM. CTAThIO I_I,emaeha (Zenneck), V 2, n Onnenrefima, VI, 22, 8 Enz.
Math. Wlss, ocobenmo pasi. V. Mul ocsetmM 3neck metopuio Bompoca
JAMMb B OOIIMX UYepTax; MHOTHE [eTalm HMEIOTCA B cTaThe Horrie-
pa, VI,, 22.

*¥) Ecam ODpPUHATH, 9T0 CKOPOCTh PACHPOCTPANERHA TPaBHTALMOH-~
BHIX BO3/lefiCTBNH He 3aBHCHT OT COCTOAHAA ABHH{EHHA TeJa, BEI3BI-
BalOOero 3TH BO3ACHCTBUSA, TO OKa3blBaeTCA NAMe, 4T0 OHA JONKHA
6 TOYHOCTU DABHATHCA CKOPOCTH CBETA B BaKyyMe.

#**) IloppoGmoe obcympenne sroro sompoca cM, B paGote [247],
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KOHOB MOJKHO TOJBKO B TOM clydJae, ecly UX YAAeTCsA BHIpa-
3HTH C IIOMOINbIO BEJHNYUH, HENPepbIBHO H3MCHAONIUXCA B
IpOCTPAHCTBE ¥ BpeMenu (1. e, noaf), a TakKe HAATH
Jugfepenyuaavrvle ypasnenus aroro nojs. Ilpobrema mo-
9TOMY BaKJIOYaeTCS B HAXOKAEHHH TAKOr0 M3MEHEHHA yDPaB-
venua Ilyaccona

AD = 4ﬂkuo

U ypaBHEHNA [ABIIKENMA [UIA MATePHAJLHON TOUKH
d?r/dt? = —grad @,

uTo0bl TOJYYMBIUMECH BBIpaskeHHa ObLIM MHBAPHAHTHHI OT-
HOCHTelbHO mpeofpasoBanuil Jlopenya.

Opmako, mpemge geMm ara 3amasa ObuIa peluena, paspi-
e nomnro no maomy myrtu. Cpasy e mocae Toro Kak ¢um-
3UdeCKHe CIEeACTBUA CHelHAaJbHOH TEOPUH OTHOCHTEeJLHOCTH
OblIM MOBEeAEHB A0 COCTOSHHA M3BECTHOH BAKOHYEHHOCTH,
ditnwmreiin  [249] npepmpumaX NONBITKY paclpoOCTPaHUTH
OPUHIOUD OTHOCHTEILHOCTM HA CHCTEMbI, OTJAHYHBIE OT JIBU-
JKYIIUXCA paBHOMePHO u npamoxmueiino. O mocTyiIuposad,
uyTo 00LUe 3aKOHBI TPUPOJB! HOJMMHBE! OBLJIM COXPAHATH CBOIO
¢opMy He TONBKO B ranmieeBeix cmcreMax (cM. § 2). Bos-
MOXRHOCTH JIJIfI 3TOF0 OTKDHIBAET TAK HA3LIBAEMBIH npunyuUn
aKeuealenTHOCTU. B HBIOTOHOBOH Teopmu cucTeMa, HAXOMs-
UiaAcsa B ONHOPOTHOM [OJIe TAJKECTH, B MeXAHUYECKOM OTHO-
OIEHNN BUOJHE DKBHBAJCHTHA PABHOMEDHO YCKOPEHHOH cucte-
Me otcueta *). Copepsxanue dHHINTEHOBCKOr0 MPUHIIAIA
9KBHBANEHTHOCTH, ABJAIOUIETOCH KPACYToJdbHBIM KaMHEM c03-
OAHHON MM 103Ke o0liell TeOpHMH OTHOCHTENLHOCTH, 3aKII0-
gaerca B TpeboBanuy, uTo0K ¥ Bee Jpyrue mnpoueccs B obenx
cucreMax nporekanu opunarxoso (eM. § 51). Ilockonsky Te-
YeHMe TPOLeccoB B YCKOPEHHOH cmcreMe Mo;KeT OBITH ompe-
7eJeHo ¢ MOMOIIBLI0 BHIYNCIEHHI, OTKPLIBAETCH BO3MOMKHOCTH
-OTpefeluTh TAKKe BIUAHUE OfHOPOJHOTO HOJA TAMKECTH HAa
nw6oit npouece. B aToM oBpucTHYecKas cumia NPHHUKIA 9R-
pusajienraocta, Takum obpasoM, JHHINTEH A MOKA3al, 4TO B
Mecrtax Gojlee HM3KOTO TPAaBUTANMOHHOrO MOTEHIHANA YACLI
HAYyT Mefjennee, yeM B MecTax GoJiee BLICOKOTO NOTEHIIHANA,
W 9TO YiKe OTCIOfA BBITEKAeT cMelleuiie B KPAacHYIO CTOPOLY
CIeKTpanbHLIX Junnil, manytaemerx Coxmunem (cm. § 53, p).
Janee okasaiaoch, 4TO B I0Ji€ TAKECTH cKOPOCTh CBETA H3Me-

*) CTporo ropops, PABROYCKOPCHHOE ABMAEHHE JOMKHO OBITH 3a-
MeReno rmnepGonuueckuM aBmKkeswem (cM. § 26), BciueAcTBHE dUers
doprynsl npeobpasopanns AJAA KOODAUEAT yCAOKEAOTCA (cM, [250]),

13 B. Nayay
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HAETCHA, BCIEJCTBAE 9ero CBETOBBle JYYR JOMMKHBl HCKPHB-
JATHCA, 4 TaKike, 9To Jaiobol sHeprim E momkHa OBITH mpn-
[HCAaHA He TOJbKO UMEPTHAR, HO W TAXesas Macca m = E/c%,
B caenyromeii paGore ditamreita [251] morasan:, 9To MCKpHB-
JeHUe CBeTOBHIX JyYedl mMeeT CBOEM CHEeACTBHEM JOCTYHEHOE
OpOBepKe CMEImEeHMe NOJOKEHRA 3Be3f, HAOIOAaeMbIX ¥
Kpas cONBEeYHOro JUCKA, SpadeHne cMemeHnasa mM OBIIO Torfa
onpeneneno pasusim 0,837,

¥ixe ara TeopUs OZHOPOLHOTO T'PAaBUTAMAOHHOTO IOJIA
BEIXOAMa W3 PAMOK CIENUAaJbHON TEOPHH OTHOCATEABHOCTH,
BenepictBue 3aBHCEMOCTA CROPOCTH CBETA W CKOPOCTA XO7a
94C0B OT IPAaBUTANHOBROIO HOTEHNUANA 31ECh YO HE MOIKET
ObITh mpoBeeHc mamxuoe B § 4 onpemenendme OgHOBpeMEH-
BocTH, U mpeoOpasoBarus Jlopenna TepaiorT ¢Boil cmbca. Ta-
KuM o0pasoM, ¢ BTOH TOYKH BPEHHEA CREYUALbHARL TEOPUS
OTHOCUTEABHOCTU MOXNceT OblTb NPAGUALHA TOALKEO 8 OTCYT~
creue zpagurayuornuly noaet. Ilocne pBemeEUA rpaBUTALU-
OHHOrO HOTEHI[HANA 3aKOHB NMPUPOASI HYMKHO HOHUMATH KAK
COOTHONICHHUA MEJKIAY TpPABUTANMOHHBIM OOTEHIIMANOM U 0C-
TANBHBIME (DUBHYECKUMU BeIWINHAMHE; HAJ€6, HYMHO Tpe-
60BaTh WX KOBAPHAHTHOCTH OTHOCHTEJNLHO TPYUNH mpeoGpa-
80BAaHUWH, g KOTODOHl CPABUTANHORHBIA MOTEHLUHAN TaKme
mpeobpasyercs mogxonamuy ofpasom. Temeps BcTaza safaua
YCTaHOBHTh moA00HYI0, ONUpAKIIYIOCA HA NPAHONN SKBUBA-
NeHATHOCTH TEOPHIO INA CAYYad HeoHHOPOJHBIX IPABHTAHOH-
BHIX moneft, ditumreiin m AGparam [252] nwiTa’dumch, xapakre-
pusoBaTh ofImee CTaTHYeCKOe FPABHTAIIMOHHOE HOJNE 3maye-
HAEM CKODOCTH CBeTa ¢ B KaiK[JoH TOYKe OPOCTPaECTBA-Bpe-
MeHH, KoTopoe, TaKuM o6pasoM, urpano Gsl pPodb rpaBHTACU-
OHHOro DOTeRNUaga, I WcKalu aud@epeRnvanbHLEIe yPaBHE-
HEA, KOTODBIM CKOPOCTH ¢ JOAKHA YROBIETBOPATH, Jlame
eclIF OTBJEeYLCs OT TOro, 4TO OTH TEOPHH HPHHUMAIOT BO
BHUMaHUE JIMINb FPaBHTANMOBHLIE HOJA CHELHANLHOrO BHJA,
OHE W Tar IPUBONAT K 3aTPYAHCHAAM.

ITosTomy Hopnmerpém [253]*) mpepnpumsan moummbTky mo-
CIIeOBATENBEO NDUAEPIKABATECA CTPOTrOf  CIpaBeIMBOCTH
COenualbHOM TeOPHH OTHOCHUTENBHOCTH. B ero Teopwm cxo-
POCTHL CcBETA MOCTOSHHA W OTKIOHEHHe XydYell B IONe TATOTe-
Bis Be mMeer MecTa. Hoprerpém morugecku Gesykopusmen-
HO pelnaeT YKA3aEHY BLINE 3a7aly UPHAHUA YPABHEHMIO
Ilyaccora m ypaBHeHHI0 NBHIKEHMA MATePHAJIBLHON TOYKH
$OpMEI, KOBaDUAHTROH OTHOCHTEIBHO npeolpazosarnsa Jlo-

*) Cu, Taxsme [254],
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perna. B ero Teopmm cobaiomaroTcs Takike sakoH cOXpame-
HMA 2HePrum M UMIOYJIbca W 3aKOH DPAaBEHCTBA MHEPTHOHR H
rsasredoit Mace. U1 mecMorpa ma aro, teopua Hoprerpéma me
MoceT OBITH IPUHATA, TAK KAK, BO-IIEPBHIX, 0HA HE YAOBJIET-
BopseT obyemy DPHHUALY OTHOCHTENILHOCTH (MJIH BO BCAKOM
cilyuyae He YAOBNETBOPSAET €My NPOCTHIM @ €CTeCTBEHHBIM
o6pasom, cM. § 56); Bo-BTOpBIX, OH& OPOTUBOPEYUT OLBITY —
He [PHWBOMUT K HCKPUBJIEHAI CBETOBBIX Nydeil, a [iA [BH-
skemusi nepureins Mepkypus fjaeT HeOpaBWIABHBHIA 3SHAK;
B OTHOLIEHWH KPACHOTO CMEIIeHHZ oUHa COBIANAeT ¢ Teopmeil
ditnmreiina, Mu [255] Tawme mocTpoma Teopuio TAroTeHus,
6asupyInylocA Ha COENHANLHOR TEOPHH OTHOCHTEIBHOCTH.
IlockonbKy oHa He YJOBIETBODHAET CTPO20 3aKOHY PaBeHCTBA
HHEPTHOH M TaAKeNoH Macc, OHA 3aBeJOMO MAalOBeposATHA.

diiamreiin, ofnaKo, HeCMOTPA Ha TPYAHOCTH HPOOIEME,
e ommbca B CBOEM CTPEMJEHHH HPUNATh 3aKOHAM HDUPOMHL
rakyio ¢gopMy, Kotopasa Gblma OB KOBapmagTHA OTHOCHTENH-
HO BO3MOKHO Gojee IIEPOKOH rpymnsl npeoGpasoBaHm.
B smmonnennoii cosMecTHO ¢ I'poccManoM pabGore [256] emy
Y/IA10Ch [OCTHYH CYLUIECTBEHHOrO ycleXa B STOM Hampasie-
gua. Ecam kBajgpat diaeMeHTa AJAWHBI mpeofpasoBaH K IIPo-
H3BONBHBIM KPHBOJIMHEAHEIM IPOCTPRHCTBEHHO-BPEMEHHBIM
KOOpAMBATAM, To OH HpefcraBageT cofofi KBapaTHIHYIO
$opmy auddepernuanoB KOOPAWHAT ¢ JECATHIO Kodddunmen-
tramu g (cm. § 51). I'pasuranmonnoe mosne Temeps ompepe-
JsAeTCs yiKe He CKAJSAPHOH CKOPOCTRIO CBETA, a 9THM TEeH30-
poM gy Bmecre ¢ TeM, BBeIE€HHEM TEH30Pa £y YPaBHEHUA
NBUKEHNsA MaTeDUaJbHOE TOYKM, 3aKOH DHEPTHH H MMIYJIBCA
M YpaBHEHVA 3NEKTPOMATHUTHOIO IOJNA [ BAKyyMa Hpej-
cTaBaeHsl B 310l pabore B OKOHIATENBHOH, 06wexosapuant-
noti Popme *). Ommaxo ycraHoBIeHHEBIE Torfa Audepenmu-
aNLELIe YPABHEHNA IS gy caMH He ObIn o0IIeKoBapHAHTHEL
B caepgyromeii paGore [258] Diimmreiin merraics moppobHee
oGocaoBaTe 8T guddepeRnuanbELe YPAaBHEHUS W Namke KY-
MaJI, 9To Hames [0KasaTeNbecTBO TOro, YT0 ypaBHEHHs, OIpe-
Readromue caMblii TEH30D gy, MOryT He OHITH obIIeKoBapw-
agraeiMa. Ogearo B 1915 r. on obGmapy:xui, uyTo TpeGoBaHUA,
nperbABIABLIIMECS UM PaHbLINe ¢ TOUKW 3PEEWA TEODHH HH-
BAPHAHTOB K YPABHEHHAM TPABHTANHOHHOLO IIOJA, OTHIOOb
He OmpefelA0T BTHX HOCJAefHAX ofHo3maumo. Jaa Toro

*) VHTepecHO, YTO BHO CBA3H C TEOPHEH TATOTeHAS COOTBETCT-
pytomue GopMaNbHEbIE PE3yJIbTATH, a TAK/AKe BaNHNCh yDaBHEHHH dIIeKT-
POMAarHETHOrO HOJf B oGmeKoBapuaHTHON ¢opMe GBI elie PREbIIE
Remn Korraepom [257],

13+
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9100l OTPAHUYUTH BO3MOMIOCTH, OHHIITEHH BepHYNCA K
TpefoBaunio oOUIEKOBAPHAHTHOCTH YpaBHeHHif, 0T KOTOpOro
OH paHBIIE «OTKA3AJCHA JAUINb ¢ TayKexbM cepauem», llpn
[OMOIII PRMAHOBOIl TEOPHH KPUBUIHLI eMy, AeilCTBHTEALHO,
o JJA CAMHX gy YAQJI0Ch YCTAHOBUTH OCNIEKOBApPHAHTHLIE
ypaBHEHHA, COOTBETCTBYIOLINE BCEM HCXONHBIM (DU3IUECKHM
tpeGosanuam *) (cm. § 56). B pampmeilmieM coobmennn
[261] DimmTelin cMor moKazaTh, 9T0 €r0 TEOPHS KOJHYECT-
BeHHO NpaBlibHO o0bsicgeT fApsumcenne nepurenns Mepry-
p¥Ma @ nOpelcKasblBacT OTRAOHEHUE CBETOBBIX Jyueil B rpa-
puranyronnom nonse Connna, Kotopoe BRsoe (onbIle BHIBEeH-
HOrO ¢ NOMOINBI0 UPWHIUUA SKBUBAJEHTHOCTH AJs1 0010pod-
Hozo monA. Henocpejgcrsenno sa 3THM M0ABAIACH 3aKJIHYH-
Texbnas pabora Diiwiureiisa «OcHoBwl o0uieil Teopuu orpo-
curensuocty [262]. IMocheywiee uajioskeHne NOCBAIIEHO
OCHOBAM U [albHe[lIeMy pasBUATHIO 9TON TEOPUU.

§ 51. O6waa dopmysnposka
NPHHNMIA 3KBUBAJIEHTHOCTH,
Cpasp mesiy rpasuramuefi H MeTpuKoOi

IlepBonavanbHO OPHHOHUN DKBABAJIEHTHOCTH OLIT ycTamo-
BIEH JUIML ANA 00HopoOnbir monell TaroTenpsa. B obuem
clyuae OH MOKeT OLITH CHOPMYJINPOBAH TAK:

HAaa Geckoneuno manoldl obractu uervipexmepnozo mupa
(7. e. 0aa obaacTu, cToab MaAol, UTO RPOCTPAHCTEEHHO-6pe-
MEHHBIMY UBMEMEHUAMU CUAbL TAIECTU 8 Hell MOHHO npe-
nebpeuv) ecezda cywecreyer Takas cucrema Koopdurar Ko
(X1, Xy X3, X4), 6 woTOpOU cuaa TAMCECTU He eauseT HU
Ha Geudcenue MArepuaibHoll TOUKU, MU HA a0bvle Bpyzue
gusuueckue npoyeccvl. IopoTko roBopa, B GeCKOHEUHO
Mamoil obnmactu Mupa J1060e nose TATOTEHHA MOMET GBITh
YHIUTOMEHO ¢ MOMOIIBIO npeofpasosanua koopaunart. Mecr-
HaA cucTeMa KoopamHAT Ko MOReT OuTh MBICICHHO peaJn3o-
BaHa B BIjie cBOOOANO Napsiiero, 10CTaTOYHO MAJOro AM{UKA,
HA KOTODbIA He [CilcTBYIOT HMKAKUE BHEIIUMe CHIBI, KpoMe
CHJBI IOJA TATOTEHUs, B KOTOPOM ol ¢BOOOJLHO nmajaer,

*) A. Einstein [259]. Ognospemeuno ¢ 3ftamreilRoM W mesasu-
CHMO OT Rero O0IIeKOBADAARTHEIC YDABHEBHA O0JA Oblld yCTagHOBJE-
asi [oavGeprom [260]. Hanomenne I'manGepra Omio, oanako, menpu-
BLIYHO fiA uankos, Tak Kak ['unubepr, BO-DePBHIX, aKCUOMATHYECKH
BBOANJ BAPUAUMORBLIH OpUHBUL W, BO-BTODHIX, YTO BajKHEE, €ro ypas-
HeHns OblTW BLIBEJGNBI HE IS UPOU3BONLEOH MATePHAAbHON cucre-
MEL, @ clenganeso us teopunm matepns Mp (cm. ra. V). O apyrax
pesyabratax [uasGepra cm, § 56 u 57,
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Ouesnjno, d9ro yKasanmoe npeo0pasopanue BO3MOMKHO
TOABKO NOTOMY, 4TO NoJe TATOTeHMs obaajgaer ¢yHAadMeH-
FadbHBIM CBojicTBOM coo0U[aTh BeeM TeJdaM OfHHaKoBOE yc-
KopeHue, Wi, HHaYe rOBOps, MOTOMY, UTO TAMeNasa u WHePT-
pasg MAacchl BCerja paBHbL. JTO YTBEPH{eHHE UMeeT OUeHb
ganessubil axcnepnMenTasbubil Gysmgament. [JelicTBUTEIBHO,
§pH HCCACOBANNM TOrO, 3aBACHT JIH PE3YNBTUPYIOM{AA CUIBI
ppUTSIKeHUsT 3eMiu ¥ UenTpole;KHOH cuiel  (Bpamenus
Beman) OT Bemecrsa Texa, Orsem [263] (cm. Tawme [264])
[OKa3al, 4TO HHEPTHAA M THKENas Maccsl PaBHBL ¢ ToU-
goctbio o 1/10%. B cmasm ¢ 3akonoM HWHEDPTHOCTH SHEDPLHU
mpejcTaBiseT fAalee uHTepec uccaegosanne Cayrtepuca
[264], moxazaBmiee, 9TO OTHOINEHAE MAcChl K BeCy AJA OKH-
cd ypaHa oTINYaeTcsa OT COOTBETCTBYIOIIET0 OTHOIUEHUA AJA
okmcu cBuHIA camoe Goibmee Ha 1/(2 - 10°). M3 npunnuna
9KBHBAJEHTHOCTH, [eiicTBUHTE/NbHO, CJeAyeT, B COHYETAHHH C
BAKOHOM HHEPTHOCTH 3HEPrHu, 4To 41060l opme onepeuu
BY/HO IpHIHCaTh Tawkixe Bec. Ecnm Onl BHYTpeHHSA sHEp-
rasg, ocBo0oMKAa0UasAcsa OPH PaJUOAaKTHBHOM pacnaje ypaHa,
yMela MHEPTHYIO Maccy M He ofjiajfiaia TAMKeIod, To yKa-
BaHHbIE OTHONIEHHA oTjuYanueh ObI APYr OT J[pyra Ha
1/26 000. Irpem [263] wopTBepamA 3TO, NpPUUEM TOYHOCTH
oKazafnack eme Oonbruei.

IIpepcrapisieTcst AOBONBHO eCTeCTBEHNLIM MOPUHATH, YTO
B Ko chopaseiimpa cCleqUaJbHAA TEOPHSA OTHOCUTENBHOCTH.
Bce 3aKkoHH 3TOlf TeopHmu NOJKHLI, TaKHM 00pa3oM, coxpa-
HETBCH, eciu BMeCTo raixmieesoil cucremsl (cM. § 2) BBecTH
onmpesiesieHHyi0 AJg GeckoHeuHo Manoil obnactu cucteMy Ko.
Bee cuctems Ko, nosayuaeMblie ApYr u3 gpyra myTeM Ipeos-
pasosanuit Jlopenna, pasmonpasusl, B aTOM cMBICIE MBI MO-
KeM CKazaTh, 4TO HHBAPHAHTHOCTb (PU3MIECKAX BaKOHOB
oTHOCHTeJbHO npeobpasosanuil JlopeHna coxpansercsa B Gec-
Komedno MmajoM. JByM Geckoneuno OJM3KHM TOYEYHHIM CO-
OHTHAM MBI MOKEM OTHECTH olipefelienHOe, Moryimiee ObITh
H3MepPeHHbIM YHCH0 — paccroguue mexiay ummu ds. dasa ato-
TO MB JOMKHB TOAbKO ¢ NOMOMIBIC Hpeo(pa3oBaEHA KOOP-
BAHAT yAAQJMUThL [oJe TATOTEHHs, mocke dero o6pasorars B
Ky suipasxenue *)

ds? = dX? 1+ dX? + dX2? — dX2. (387)

_ %) B ornnume oT APYrEX aBTOPOB, MK @ B o0mMell TeopH@ OTHO-
CHTENLEOCTH COXpaEAeM B BLipaMienun ans# ds? Tpu 3paka HIOC U
OfEH 3HAK MHUAyC. ITO OOCTOATENHLCTBO HYKHO AMeTh B BHAY IPH
CpaBHenup mukecxepyomux GopMya ¢ o0bnMHO BCTPeualONEMUCH,
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I pu srom dugepenyuaavt Koopdunar dX,, ..., dXs caedyer
onpeleadrs HenocpedcT8eHHO ¢ ROMOWBIO ITAAOHHLLE HACOE
u macwrabos. PaceMorpum Teneph JI00yI0 APYryo cucreMmy
xoopamnar K, B KOTOpOfl COOTHONIEHWE MEKAY MHPOBBIME
TOUKAMH W 3HAYeHNs KoopamHat z!, ..., z! coseprmenHo mpo-
H3BOJBHBI, €ClI¥ OTBIEYbCA OT YCIOBHE ONHO3HAYHOCTR H HE-
npepbisHocTH. Torga B Kamgoll TOYKe MPOCTPAHCTBA-BPEeMEHM
zudgepertimans dX; OyAyT nnEeHHEIMA OfIHOPONHBIMHA dynk-
nuaMn pudgepermuancs dz* m Beauumma ds® gepeiifier B
KBaJpaTHYHYI0 (opMy

ds? = gudx'dz?, (388)

rge Koa(pPumueHTH gy ABAAIOTCA (QYHKOUAME KOODAMHAT.
Janee gcmo, 9T0 UpU Nepexofie K HOBBIM KOODIAMHATAM Be-
AMYMHLE gy Npeobpasyerca Tak, uro ds? ocTaerca MHBApU-
aarabiv. CooTHOmeEHUs, TakuM o0pa3oM, 3fech BHOJHe aHAa-
JOTHYHBl HMEIOIINM MecTO B HEEBHKJIMJOBOA TeoMEeTPHH MHO-
romepubix MHOroo6pasmii (cM. § 15). Cucrema Ko B ¢B0OOJ-
Ho NajfaoieM AAKe UIPaeT PoJib reofe3uTecKod cUcTeMEl
§ 16; B mell gy NOCTOAHHBI, eCaW NpeHeGperaTh UX 8TOPLIMU
nupdepennuanaMu, a SIACMEHT JIMHH ¢ TOYHOCTHIO [0 BEJH-
9uBE 6T0poeo nopaaxa umeet suj (387). Cosoxkynmocrs 3Ha-
yeumil g; BO BCEX MUPOBHIX TOYKax HaszoBeM G-noaen.

34KOH NBUIKEHHA MATEPUANLHOH TOUYKH, HA KOTOPYIO He
MeHCTBYIOT HUKAKHE CHJIBI, KPOMe TIDABHTATMOHHEIX, MOMKET
OBITH TPOCTO. C(bopmynnponan TAK: MUPO8as AUHUL nOO06HOU
MATEPUALBHOT TOUKW ecTb 2e00e3Uteckas AUHUS (§ 17) u,
coracao (81) m (80),

8fas=o; : (81)
d?zt pi da°d
d2+ ”;s d2=0’ (80)

rae T}, onpenenenst gopmyaamu (66) u (69). B cucreme Ko
MarepualbHAA TOUKA B pAcCMATPHBACMBI MOMEHT ABIIKETCS
paBHOMEpHO H npamonmmeiino, . e. a’X'/ds’ = 0. Oru ypas-
HeHus OﬂHOBpeMeHHO ABJISIIOTCH ypaBHCHHﬂMH I‘@O)I93I/I‘IGCKOI’I
ausnn B Ko, YTBepskpeHuWe, YTO MUPOBaA JHHHA MaTepu-
alILHOH TOYKM €CTh reofie3WuecKas, HHBApPWAHTHO M, cClejo-
BaTeNLHO, cupaBeiuso u B obmem caydae. (IIpu arom, wo-
HeYHO, NPHHATO, 9TO BaKOH [BWMKEHHA IJA MaTePUAIBHOM
TOYKH HE COMEPIKUT 6TOpPbIX NPOU3BOAHLIX BEJIHYHH g 0O
rooppunaTtaM.) CnpaBegiuBocTh TAKOTO HPOCTOrO 3aKOHA HE
ynusuTeabHa. MB monpocTy Ompejesuan aaeMeHT ZIHHBI Ta-
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koM o0pasoM, 9T0GB MUpDOBasg JNHAA MAaTePHANLHON TOYKH
6nura reofieamueckoil. Mur BupuM, Takum ofGpasom, uto 10
 KOMNOHEHT TEH30Pa gy UepaioT 8 Teopun Junwrelna poab
CKaAAPHO20 HbHOTON0Ga noTenyuasa D; obpasyemvie us uz
nRpOU3BOOHBIT KOMNOHEHTYL r, onpefeasior 3naueHue CUAbL
TAZOTEHUSR,

CoBepmieHHO aHAJNOTMYHOE pPACCYKACHU® MOKET OHITH
NpOBEICHO ANA cBeToBHIX ayded. B cmcreme Ko cBeToBble
ny9m npejicTaBiAIoT coloil mpAMEble AmENY *) ®W, KpoMe TOro,
YAOBIETBOPAIOT COOTHOIIEHUIO

dX? + dX2 4 dX:—dX2 =0.

IlosToMYy MUPOSBIMU AUHUAMUL CBETOGHIT ayuell ABARIOTCH
8 obwexm cayuae nyaesvle zeodesuyeckue aunuu (cM. § 22):

dz i dz" dz®
ﬁ ro g g = O (80a)
ds? = gudx'dz" = 0. (81a)

Kpeaman [266] u Beitns [267], xpome Toro, moxasanm, 4o
HaOAIONeHN HAJ] MODPHXOAOM CBETOBBIX XYydeil MOCTATOYHBL
paa onpefenenna G-moisa B KOBKPETHON clcTeMe KOOPRAHHAT
7 §e3 paccMOTpEHHNA ABMSKEHNNA MATepPHAJLHON TOUKH.
CymecTnyer, oquaio, eme TpeTuil cnocob namepennsa G-
"monsa. C momompio Macmrabos (wim ayvme macmrabuoll mu-
TH) @ 9acOB MOMKEO ONpPeJeNinTh B HEKOTOPOH oNpefeldeHHOH
8aJlaHHON cHCTeMe KOGDAUHAT 3ABICHMOCTH BEJMIUHBI JH-
Befimoro aaementa ds ot pudepenmuanos woopiumar dz®
‘Ha BCeX BBRIXOMAIMHX H3 KAKOHR-1100 TOYKW MWUDOBHIX JWHNAX.
G-mone momyuaeTca orciofa memocpemcTsenno. Ono, raxux
06paszon, zapaxTepusyer He TOALKO 2pAsuUTaAyUOnHOe noae,
HO u nogedenue macwrabosg u 4acos, MeTpuueckue COOTHO-
uieHus (MeTPUKY) ueTblpeTmepHozo Mupa, codepicawue 2eo-
METPUIO 0SLIKHOBEHH020 TPETMEePHO20 NPOCTPANCTEA KAK 4~
CTHUIL cayuall. ITo causHUE ABYX PaHble COBEPUIEHHO Pas-
JAYALIX 00BLEKTOB METPHKW M TATOTEHHSA HOMMKHEO PaccMaT-
puBaThCA Kak npexpacHeiimee pocrmykenne obuieil reopum
.oTHOcmTenbHOoCcTA. I{aK MBI Bujean (¥ KAk B 9TOM MOJKHO
. y0emuThcs ¢ LOMOINLIO MPOCTBIX OPUMEPOR), CHUANUE MeT-
PUKE © TrpaBuTanud ABISETCA HEOOXOAUMELIM CJIefcTBHEM
UDMANANA 3KBHBAJEHTHOCTH U COPABEMJINBOCTH CHENHAILHOR

*) Ipw sTOM, KOHEUHO, OPEANONAraeTcs, UTO MH HaXOLEMCA B
"o6acTE IPEMEHREMOCTR TEOMETPUTECKOR ONTHKE., JT0 He HMEeT MecTa
upE manmunu fgudpaxnum (cM, o6 sTOM CHOCRY Ha ¢, 211),
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TEOpUN OTHOCHTENbHoCTH B GeckoHeuno matoit ofaacru. [iBu-
JKeHMe MaTepHaJbHON TOYKH NOX BAHAHHNEM BO3JeHcTBHA Of-
HOro TPaBUTALMOHHOrO LOJNH MOMET Tenepb paccMaTPHBATDL-
¢si Tak jKe, Kak cBolojgmoe, T. e. mpoucxonsinee 6es eoadeli-
creus cua. IlpsaMosnpelinbiM U paBHOMEDHBIM OHO HE sBNsA-
€TCcA [OTOMY, 9TO YeThIPEXMepHBIH NIPOCTPAaHCTBeHHEO-BpEMeH-
HOH KOHTHHYYM He RBAAETCA €6KAUGO6bIM; MOITOMY B HEM
paBHoMEepHOe W NpsAMONuHeinoe [BHKeHHEe HE mMeeT HHUKA-
KOTo CMBICJIa U 3aMemseTcd [JBHKeHHeM IO TeoJe3ndeckoil
aupun, B coorseTcTnuu ¢ 9TUM 3akon uuepunu [anunes 3a-
MeHfAETCA 3aKOHOM

65d3=0,

aMeomuM To GONbloe OPEHMYIECTBO IO CPABHEHHNIO ¢ ra-
JIHJeeBHIM, 9TO 0H HOCUT obuwjerosapuantubvlli xapakrep. Ta-
roTeHue B Teopuu JiRImTellHA ABAAETCA TAKOH e Kadjcy-
welica cunofi, Kak caawl Hopuoanca u nentpolermnas B Te-
opun Howorona {c rakum #e 0paBoM MOMKHO, KOHEUHO, npef-
CTAaBHTH JIEJAO TAK, YTo B Teopum Jiimmreilma mun ogpma us
Ha3BaHHLIX CHJ He JoJuKHA cuuTartbes Kamymedies). To
06CTOATENLCTBO, UTO CIUIA THAFOTEHHSA B KOHEUHBLIX 00JACTAX,
BOOOIe roBOPs, HE MOKeT OBITH YyCTpameHa ¢ MOMOLIbIO (pe-
obpa3opanug KOOPJIMHAT, B TO BpeMs Kak HentpobexiHas u
KOPHOJBCOBA CHABL MOrYT OLITH yCTpauenbi, 31cCh HE HMeET
ssavenna. B Oeckoueuno mManpix obgacTax TATOTEHHE Beeria
Mo;KeT OblTh yCTPamneHo, U TOABKO 3TO SABNSIETCH PEIIAIOLINM,
Tor axr, 9T0 HECBRIUJIOB XapaKTep MPOCTPAHCTBA-BPEMEHII
KpafiHe MaJsio cKasblBaetca Ha cpoficTBax MaciiTaboB 1 9acos,
a4 Ha OTKIOHEHUH JBIKEHNA MaTepHAaJbHOH TOYKHM OT mps-
MOAMNEHHOTO 1 PABHOMEPHOro (T. €. B rPABUTAIMOHHOM Aeii-
CTBHN) CKA3bIBAETCA OYEHb CUJILHO, CBA3aH, KAK MBI YBHIM
B § 53, co 3mavenueM cropocTn chera. Beaencrpue cansaus
TPaBUTAIME W MeTPHRU HAXO/UT YJOBJIETBOPHTEIbLHOE pa3s-
pellleHEe He TOJLKO rPaBHTANUOHAEAA NpobJeMa, HO W BPOO-
aeMa reomerpnn. Borpockl o cnpanefiupocTa reomerpuuc-
CKHX 3aKOHOB H 0 [AeflcTBHTENLHO rocnofcTBYMIEidl B Mupe
reoMeTpum JHIIERB CMbBICJAA [0 TeX Mop, IOKA reoMeTpiist
uMeeT JieJo TOJAbKO ¢ MBICHCHHLIME ofpasamu, a He ¢ npeji-
MeTamu peanbioro Mupa. Ecaun ke goGaBnth K 3aK0HAM reo-
MCTpHH onpefeneHne, 4To AAnnoid (GeCKOHEUHO MaJOro) o1-
peska spagerca uncgo, OUPCHEeNscMoe H3BCCTOLIM CLOcoDeM
¢ TOMOILIO TBEPJoro cTep:kusg WA MacilTaduoll muTH, TO
TeOMETPAA CTAHOBATCA 9acTbi0 (PUBUKH ¥ yKA3aHHBle BHILUE
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BONIPOCH TPmoOpeTaloT ompefenenubiit cmoica [208). 3aecs
o0mas TeopHd OTHOCHTENBHOCTH [O3BOJIACT cPa3y cielath
ofIee YTBED:KICHHE, UTO [OCKONLKY TATOTeNHe Olperensi-
ercA MAaTepHeil, To ke caMoe NOJKHO OBITH IOCTYJIHPOBAHO
B Iiasa reomeTpinu. TaruM o0pasoM, 2€OMETPUA NPOCTPAHCTGA
ne sadana a priori, a onpedeaena marepueli (mompobuee cM.
§ 56). Amanormamoro MHEHHs Npafep:KuBajca eue Puman
[76]. Ommaxo B 710 Bpems womoGHOE MHeHHE O0CTaBaIOCL
JUIOb CMENOH TrUIIOTe30d, HOCKOJNLKY YCTAHOBJIEHHE CBHASH
MEKIY TreoMeTpHeil W TACOTEHHEM BOSMOM{HO TOJBKO HOCJe
" Toro, KaK MeTpUIecKas B3aUMO3ABHCHMOCTH LPOCTPAHCTBA U
BpeMeHH y’Ke OCO3HAHA.

§ 52. HocryaaT ofineii KoBapHAHTHOCTH
¢usYecKUX 3aKOHOB

ITOT mocTyaAT ABAsAETCH TpeboBaHWMEM, KOTOpOE IOCTY-
SKEJIO HACTOALHM MOOYIKIeHHeM K co3faHuio obuiedl Teopun
OTHOCHTEJLHOCTH U KOTOPOMY DOCJefHAA 00fA3aHa CBOUM
passanueM. Iloctynar o0mIeKOBApMAHTHOCTH HMEET pasini-
HBle KOopHU, DBo-mepBhIX, IPOU3BOJNBLHO ABUIKYNI[HECA CHCTEMEI
oTcyeTa KUNEMATUHECKU COBEPIIEHHO PABHONDPABHBI, W 3TO
IORCKA3BIBACT HpPeANoJgoskeHne 00 WX pDaBHONPABHOCTH W B
AEHAMIYECKOM H BooOmie (pusnueckoM oTHoureHun. Honedno,
a priori yTBepMKAATH cyIlecTBOBaHUe N0oA00HOH paBHONIpPaBHO-
CTH Helb3sg, U JHIIb PE3yAbTATHl MOTYT HATh ONEHKY clejaH-
HBIX NpeRuoNoKeHnii.

Jlerko BUAETH, OAHAKO, 9TO HEJB3S YAOBIETBOPHTHCA BBe-
ReHUeM npouUsdsoabHo Jsuscyuwurcs cucrem orcgera. [eitcTsu-
TeJbHO, KAK DOKa3aj Jimmreiin [262] ma mpuMepe Bpamaio-
meﬁca CHCTEMBI OTCYE€Ta, B HEraJHUJeeBbIX CUCcTEeMaXx BpeMA U
OpPOCTPAHCTBEHHblE PACCTOAHNA He OOpPefeldsioTcs HpOoCTo ¢
IIOMOIIIbLIO YacOB M TBEPABLIX €AHMHUYHBIX MacmTaﬁOB; eBHJIH-
J0Ba reoMeTpud OTKA3blBaeTca 3fech cay:urh. Iloatomy mHe
oCTaeTCs HUYero APyroro, Kak AOLYCTHTb paccMoTpeHUe BCex
MBLICAUMEBIX CUCTEM KOOPAHHAT. HOOP}II/IHaTLI paccMaTpuBaloT-
CA KAy BIIOJHE IIPOU3BOJIEHBIe NapaMeTphI, HUPOH3BOJLHBIM
OAHO3HAYHBIM U HeNPEPBIBHBIM 06p830M OCTaBJIEHHLIE B CO-
OTBeTCTBUE C MUPOBBIMHA TOYKaAMHI (I‘HYCCOBBI EOOp,CU(IHaTbl).
HJocrarounocts mofo0HOro ONMCARNA MUDPA BHITEKaeT U3 cle-
myomux coobpasenuil ditnmreiina [262, 269]. Bee dusnue-
CKUe MaMepeHusi CBONATCA K KOHCTATAUM NPOCTPAHCTBEHHO-
BPEMeHHBIX COBHAJEHMI; HMYTO KPOMe OTHUX COBNAJeHMil He
HaGmogaemo. Eciu, ofHako, gBa TOUEYHBIX COOLITHA MMEIOT
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OUBaKOBbIe KOOPAHHATH! B ORHOH rayccosoil cHCTéMe Koop-~
JUHAT, TO 9TO UMeeT MecTo u B NI0O0Il APYyroit rayccosoit
rooppunatro#t cmcreme. IlosroMy MBI pmomKEBI 060GHINTH
TNPHHIUO OTHOCATEJNBHOCTH CIEAYIAM o06pasoM: obwyue 3a-
KOH®L npupoder doaxcnwl 6biTe 6blpaicenvt 8 Takol ¢opue,
uT06bL onu UMeau 00UNAKOGBIE 6ud e 410600 2ayccoeoli cu-
creme koopdunar, r. e. 6blau bl KOBAPUAHTHBL OTHOCUTEALHO
arobvix npeobpasoeanull Koopdunar *).

9Ta KOBapUAHTHOCTH OKA3BIBAGTCA BO3MOKHOM BCAENCTBEE
TOT0, 4TO BEJMYHHBI gy BBOAATCA B (U3NYECKHE 3aKOHEL
(Bripagasce MaTeMaTHUECKMM  A3BIKOM: OOIID® BAKOHEL
IPUPOEl AONYCKAT ROCAEe 68e0eHUR UHBAPUAHTHOU Kéad-
paruuroll gopmvl

ds? = g,dz'dz*

awbbie Toueuntre nmpecOpazoBamus.) B camoM fene, Kasmmblil
BaKOH cHEOUaNbHOH TEOpHH OTHOCHTENLHOCTH MOMKEeT OBITEH
cflenaH OCINEKOBAPHAHTHRIM IyTeM (OPMAJILHOr0 BBeXeHUSA
BEIHUNR g No cXeMe, ycramosaenuod B ra. 1I; B § 54 aro
eme Oyger NOKasaHO HAa OT/EAbHBIX OpuMepax. IloaToMy
Kpeuman [269] Bbickasan mumenue, 4to mocryaat ofmexosa-
PUAHTHOCTH BOOOIle He COAEPIKUT BHICKA3bIBaHUil 0 gusuue-
CKOM codepicanul 3aKOHOB NPUPOMHI, a TOBOPHT JHUINEL 06 HX
maremaruneckoi dopmysuposke; Oimmreiin [272] Bmonme
COMIACHICA ¢ BTOH Toukoi 3perns. O6meroBapuanTsag gop-
MyAMPOBKA BaKOHOB HpPHEPOAB! mpuobperaeT uamgecKoe co-
fep:raHwe AWML Gnarofaps NPHHIOUNY SKBUBAJIEHTHOCTIH,
B CHJIy KOTOPOrO TATOTEHHE OIMCHIBAETCH TOAbKO BeJIMIHHA-
MU g ¥ 3TH NocAefHUE BeIUYMAH He 3a7aI0TCA HE3ABECHMO
OT MaTepum, a, HAIIPOTHB, CAMH ONpEAeNAITCS yPaBHEHHAMNI
nona. Tonbko mMOBTOMY giy MOTYT paccMaTpmBaTECA Kak (hu-
smieckme seamumpnl [273). IocTynar ofmexoBapmaHTHOCTH
uMeeT, ofHaKo, Kak noguepkrryn Jimmreitn [272], m gpyroe
smavenne. [luddepernnansHeie ypaBHeHHA AIA camoro G-
oOJA JMOJKHBI OBLITH ONpEefedenhl Tak, 9ToOH OHM GHIIE BO3-
MOKHO Gojlee MPOCTHI W MPOSPAYHEI ¢ TOYKH BPeHHs o6mIeit
TEOPHU KOBAPHAHTOB. JTa SBPUCTHIECKAA CTOPOHA MOCTYJIATA
o0IeKoBapMaHTHOCTH HAMIYIMHUM 00pasoM ONpaBAANACH HA
mene (cm. § 56).

*) Jlemapm [270] (cM. Takre mmexyccmio [271]) passEBaer coof-
paiKeHHA OPOTHB ynorpeGrenms o0MuX KOOPAHHATELIX CHCTEM H TpO-
THB PeaJbHOCTA TPaBHTAUWOEHBIX MOJel, KOTOpHe, N0 JimwTeiny,
HOMKHBL B HUX NPOABHTHCH, ABTOP HE MOMKET NPECOCAMEUTLCH K ITHM
coofpamennay,
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Beuin gpousBefeHS! IONBITKHA, B YACTHOCTH, HKpedMaHoM
[269] m Mn [274], mecMoTps Ha 0OGIEKOBAPMAHTHOCTH, M3~
BecTHBIM 00pa3oM HOPMHPOBATL KOOPAMHATHYIO cHcTeMy. Bce
OpefoKeHHbe HOPMUPOBKU IIPEJICTABIAIOTCH, OHAKO, BO3-
MOMHBIME 100 MMEHIUMH NPAKTHYECKOe 3HA4YeHHE JUINb
B COENUANBHBIX caydasx. B ofmeM ciydsae m B OpHHNUIH-
aJBHEIX BOIpocax 0o0IMasd KOBApMAHTHOCTL HEoGXofuMa.

§ 3. Ipocroie cuaencTBus
OPUHLHNA KBHBAJIEHTHOCTH

0. YpaBHeHHsA JBUJKEHUS MAaTepHaXbHOIM
TOYKHN B cIydae MalIBX ckKopocTei (cm. [262],
§ 21) m canabux Hoaeil TAroTeEHUW A. YDasHeAUs
nBmKenus wMarepmanbHont Touxkum (80) pmomyckalor smaum-
_ TeALHOE YIPOUIEHUE, eCiu CKOPOCTb MAaTepPHAJBHOH TOUKH
MAA@ NO CPABHEHUI0 CO CKOPOCTbI0 €6era, TaK 9UTO BEIHUH-
HaMB nopaaka v?/c? moxno npemebpeus. I{pome Toro, mpen-
HOOJOKHEM, UTO 2pAsUTAyuoOHMoe node caabo. 1o 3HATHT,
uYT0 gy [OJIKHBI JHMIb KpaifiHe MAalo OTKJAOHATBCA OT HX
HOPMAJbHBIX 3HaYeHU

ga="1t1 pua i=k=1, 2, 3, gu=-1,

ga=0 a1k,
TAK UTO KBAJpaTaMH BTEX OTKJIOHEHMI MOKHO mpeHeGpeus.
Torga nmeem

N 1 N

Bridit = — Ty, mma i=1,2,3, z'=ct, (389)
Kpome Toro, mycTh mode GyaeT cTATHUGCKNM HJIM KBA3HCTAa-
TUYECKUM, TAK YTO BPEMCHHLIMEA NPOM3BOMHBIMU £y MOKHO
npenebpeb. B aTom caywae BMecto l'yy MOkHO mopcTaBHTEH

og
Ty44, mam — —;——64—?, u ypasuenus Osuscenus (389) npunu-
X
. MAIOT HBLIOTOHOGY HOPMY: ‘
%t aD .
ar ot (390)
eciIm mOJOKUTE
1 20
Q=—5c gt 1) gaa=—1—"73. (391)

Heonpenenennaa pHavajze aTHBHAA [OCTOSHHAS B BHIPa-
‘menuy pusn nmoremnuana @ ompegenena rtax, 9to @ pasHO
HyJmI0, eciy gy UPHHUMAeT CBoe HOpMalbHO® 3Hademme —1,
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MNnTepecno, uTo B NIPHUMEHAEMOM 3jieCh NPHOTMKEHHN
B ypaBHeHHsa [BHKEHIA BXOJUT JNHUIIL BelUYNHA g44, XOTA
OTKIOHEHHS OCTAJLHLIX gy OT HX HOPMAJLHLIX 3HAYEHNI
MoryT GHITH TAKOro ke HOPALKA, KAk Yy ga4. Ila aToM ocuo-
BEIBAeTCH BO3SMOKHOCTH NPUOJNIKEHHOro ONMCAHHA [paBuTa-
IHOHHOTO NOJA ¢ MOMOILIbIO CKAAAPHO20 TOTEHIINANA.

p. HpacHoe cMemenme COEKTPAaAbHBX JH-
pnii. CrmeacTsieM TOJXBKO 4TO YKA3aHHOrO OO0CTOATENBCTRA
ABIACTCA BO3MOJKHOCTH OOMIEro YTBep:RIEHUT O BIMAHMI
rpaBHTALIONIOr0 NOJA HA 9Yachl fajke B TOM cJydae, KOIja
3aKonnl G-1oJd emie He YCTAQHOBJCHDI, MOCKOJLKY 3TO BJIWSI-
HIe ONMpeeNfeTcsl BeJUINHOH gqq. AHATOrmUHDIC YTBepHsfie-
BOA O cBolicTBax MaciuTaGoB MOryT OLITB CHENanEl TOJBKO,
eCJH M3BeCTHBI TAKIKE M OCTAJIBIBIE g,

ITpepcrasum cede cuctemy orcuera K, spamfawomyroca c
YIIOBOI CKOPOCTLI0 ® OTHOCHTENbLHO TAJUIeeBOl CHCTEMBI
Ky. Henopsuskuple B K wachl ujyT TOrma, BCJae/[CcTBUE HOMe-
peusoro sddexra [loraepa, TemM MEAJNeHDeEe, YCM OHN HAXO-
JATCA Janbllle OT OCH BPAIeHUs; B 9TOM MBI cpasy e yoOe-
JHMCS, ecJH PACCMOTPUM Ipollecc ¢ TOUKH 3penng Habjofma-
reqsi B cHeteme Ko, 3aMmeanenne BpeMefHn OIIPefenseTcs
BEIPAIKEHTCM

t . T _ T
1/1 — %t 1/1 — (1/¢®) 0*r*
Ha6nwoparens, spamaomuiicss sMecte ¢ cuctemoin K, me Gy-
JeT HCTONKOBBLIBATE DTO COKPAIICHHe BPeMEHM KaK Momeped-
et adert Jloumepa, TaK KAK OTHOCHTENLHO HEr0 Yack!
morosaTesa. Oanako B K uMeeTcsa rpasuTanuonsaoe moixe (mone
1eHTpoGes HOR CIJIB), WMeioIiee NOTCHLHA

= 1,022,

Habuopatens 8 K npnper Tak;ke K BBHIBOMY, YTO YACHI HIYT
TEeM MeJennee, 9eM MCHbIIE B PACCMATPUBAEGMON TOYKE rpa-
BUTAMOHHGI noTenuman, Vmenno, samejyenne spemenn Al
B NepBOM OpHOJINKEHAN PABHO

T oD At D
t:——NT(’l——Z); ——-z——-T,
Vit 208 c T ¢

ditmmreiin  [251] nposem amasoruumce paccy:imeHme IS
paBHOMEpPHO YCKOpeHmoi chereMul orcuera. Tawmy oGpasom,
nomepeunntit addext donmepa u  s3aMeqienue BpeMeHI
BCJIEJCTBHE TATOTCINS ABJAIOTCS ABYMS PABNUUMBIMU CIIOCO-
0aMHi BHIpasKeHHA Toro )akTa, uToO Yachl Beerga MOKA3BIBAIOT
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coOcTBEHIIOe BpeMA

T = .ij‘ds.
ic

BooGme rosopsi, spemsa ¢ = z*/c oTauvaeTca oT HOPMAXBHOrO
cOOCTBEHIIOrO BpPEeMEHH T MOKOAINUXCA vacos. B cmay roro,
9TO 3JIEeMEHT MHpOB()fI JUHHAI IIOKOAIIUXCA 4YaCOB paBeH

ds? = gy4(dz*)?,
coraacHo (157) momyuaem
t: T T NT(l—E}' éi.———_g

TV
[4

-
©

(392)

Ypasrenne (392) umeer caepyounii Gusnueckuit cMuIca:
ecau OJHM M3 JIBYX UOKOAIMXCH ORMHAKOBBIX U BHAadale
CHHXDOHHBIX 4acOB HOMCCTUTH Ha HEKOTOPOe BpeMs B IPaBH-
TAIOHHOE HoJie, TO mocje aToro oda mpubopa yie He YT
CHHXDOHHO, @ HaNpoOTWB, mNoOLIBABLINE B TpPaBHTAL[MOHHOM
nose wacw orerafor. Har ykasan Jiinmireiin [275], na atom
OCHOBBIBAETCA TaKsKe O0BACHEHHE PacCMOTPEHHOTO B § D
napajgokca vacos. B cmereme K*, B woropoit gacm Cy Bee
BpeMsl HOKOATCA, BO BPEMs TOPMOIREHNA MMEeFCs rPaBUTAIIH-
OHHOE MoJIe, KoTopoe HaOmiojareab B K* 1 MoKeT cuutaTh
NPHYNHOI oTcTaBaHusa NoRostguxca gacos Co.

Coorromenme (392) umeer oIHO BasKHOE CHEJCTBHE, TOJ-
namoineecs ombITHOR nposepre. Kciu npuHATL 3a "acwl cie-
TOBOH KoJneDaTeNbHblil MPOECC, TO LEPEHOC YaCOB MOKeT
ObITH OCYIIECTBJEH ¢ MOMOIILIO CBETOBoro ayga, B cayuae
CTAaTMIECKOT0 TPAaBHTANMOHAOTO [0JsA BCErj[a MOMKHO TAK BbI-
OpaTh BPeMEHHYIO KOOpPAUHATY, YTOOLI BEJIHYHHLI g5 OT Hee
He 3asucexu. Torja 4iciao BOIH CBETOROTO NydYa MeKAY HBY-
Ma toukamMn P, n Py takske OyleT 11e3aBucHMBIM OT BPeMEHN
U, cIefoBaTeNLHO, YacTOTa cBeTa B Jyye, H3MEPEeHHAasa B 3a-
OaHHOW IIKajge BpeMeHu, Oymer ofmuarosoil B P u Py m,
TakuM o0pasoM, HezaBHCHMON oT MecTa HabGaionenns *), fa-
OpOTHB, YaCTOTa, M3MEPEHHAs B MIKAJe COOCTBCHHOIO Bpe-
MeHu, 3aBUCUT oT MecTa HabGaomeHus. [lostomy, eciam ma-
Ounogars Ha 3eMie CHEKTPAIBHYIO JIHHHIO, H3NYYEHHYK HA
Conune, To Benegersie cootnomenusn (392) sra jgunua Oymer
cMeleHa B KPAcHYIO CTOPONY I10 CPARHEHHIO ¢ COOTBETCTRY-

*) Jlays [276] HOATBEPAMI 3TO TPAMBIM BBHIYHCICHNEM HA OCIO-
Be BOJHOBOTO YPaBHEHHA [ CBeTa.
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omeil JoEneii 3eMHEOr0 OPONCXOKACHHAS HA BEJHIHHY

Ay Qp— g

T = —""'_02 [ (393)
rie Op — sHAYeHMe TPABUTAUUOHHOIO MOTEHNUANa HA 3eMie,
a @; — ma nosepxuocru Coxrua, Yucaennwii pacuer mpuso-
AAT K 3HAYEHHIO

.A_v‘i =2,12-107°, (393a)

coorBeTcTBylomeMy addexry [lommepa mpm cxopocta
0,63 nu/ec.

Briio cpenaEo oveHs GonbIIOe 9YHCIO OOEITOB ¢ MEIBLIO
DKCIEPUMEHTANbHO NIPOBEPHTH 9TO cooTHOmeHHe, Eme [xy-
sax  [277] ofmapysun cMelieHHe CHOEKTPANLHHIX JAUHA
ConHna B KpacHYIO CTOPOHY, PaccMaTpusas €ro, OXHAKO, KaK
spderr masmenus. Ilocime Toro kKak mos:ke OBepmesn [278]
TIOKa3aJ, 9To 9T0 cMeINeRne He COBOANAET ¢ DKCNEePUMEHTANb-
HO YCTAHOBJEHHBIM CMEIIeHHEeM OT NaBJIeHHsd, KA3aJoCh ecTe-
CTBEHHBIM NPUBAEYL [ o0bsicEHeBusa ABienus sddext diiu-
mrefina [251, 279]. Opguaro, upn Goiee moxpobEOM Hccae-
MOBAHMW OKAa3aloch, 9TO pAa3JdUYHLEIe JAHEA CMEIIEHH HAa
Pa3HYI0 BeAHUMEHY, Tak 910 et Jinmreiina Bo BCAKOM
ciyiae HEOCTATOYEH AnA O0BACHeHHA JAeTalledl ABIEHHUS,
3HauATeNBHO JAYyYINe HOAXONAT AJAA LOPOBEPKH Teopu:m Iifn-

o
mTefiza HOBHle M3MEPOHHA IS IOJOCHI azoTa A= 3883 A
(Tark HaspiBaeMoil MMAHOBOW IHOJOCH), OTa IMONOCA OTAMYRET-
ca TeM, 9To He ofHapyXmBaeT 3aMETHOrO0 CMeHleHAA mpH
nasnennn, Cpasrenne a0cOpGHUOHABIX JHHUE BTHX TOXOC B
cuekTpe ConHUA ¢ COOTBETCTBYIOMINMEA 3eMHBIMM ®MUCCHOH-
HBIMI JuHuAMY GbI0 BoepBHie BeIDOMHeHo IIIBapmmumbmom
[280], a satem ¢ Gompimeir Tognoctrio Cent-Ilmonom [281]
B obcepatopun Maysr-Brabcon, a Tak:ice 9pepmenom o
Poiigcom [282]. Bee atu apTopsl BAMJIM 3HAYATENBHO MEHL-
mme cMemeHns JuAnii, 9eM NPEACKA3bIBAIOCH Teopuei,
a Cent-[[;xon BoOOmie TBEDPAO He YCTAHOBHA HHUKAKOTO cMe-
menna. IloaToMy HeKoTopoe BpeMs Kasajoch, 9TO TEOPHUA
nporusopeunt onbrry ¥). Oppaxe I'peGe m Baxem [284] B

¥) Ykasapnole OPOTHBOPEYHS MEKAYy Teopmeii Diiniurtelina w arm-
ME m3MepeHu;MA mobyauan Buxepra paspaGoTaTh Teopuio TATOTeHus,
COfepIKAY0 CTONh OO0NBLIOE 9HCJa0 DPON3BOJLHBIX LOCTOSIHHBIX, 4TO
€0 MOM(HO mpECHocobnTh K JI0GHIM 3MUNDPUYECKHM 3HAYERUAM Kpac-
HOTO CMEIIeHHs, MCKPUBJEHNS CBETOBLIX JIyYei W papaMeTpaM [Bu-
menus nepurenus Mepkypas [283],
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psAe HOBHIX UCCIEOBAHUI MOKA3QJIM, UTO H3MEpPeHHEIe CMe-
OeHAs HMeI0T COBEePIIeHHO Pas3iNdHble 3HAYEHUA Y DPA3HBIX
AWHAHA, W 3aTeM NyTeM U3MEepeHNsd JAWHUI ¢ LMOMOIBI0 pe-
racTpupyiomero Mukpodoromerpa Hoxa ycramosmam, uTo
OPUIEHE! BTOT0, KajKYIIErocs cHAYAJA BechbMa CTPAHHBIM, 06-
CTOATEJNbCTBA JNEKAT B NEPEKPHITUH PAasANMuHbIX JUHME cOl-
HETHOTO CHOeKTpa. B cayuae HegosMywennvls AUHULL cMeuje-
HUA, ¢ npeleaax NOZPEUWLHOCTU, UMEPEHHble 3HAUEHUS CO6-
nadawr ¢ reoperuyeckun (393a). Ilpm atom, npasna, He BO3-
MYIIEHO CPaBHHUTENbHO HeGosbioe qncao guemi. Oqaako He-
nasHO I'peGe [285] mames, uro m cpejgHee sHaueHHe cMeIme-
HUS CTA BO3MYIIGHHBIX U HEBO3MYINCGHHBIX NUHMH yKasaHHo
[OJOCH a30Ta coriacyercsa ¢ Teopueii. Ilepo [286] rakixe me-
cJIefoBall KpacHOe cMeINeHHMe HTHX HOJOC M MOAYYHA IOJIO-
muTenabHbI pesyxasrar, Ilocaegunit me Mosker, ofgmaro, cim-
TaThes 0c060 yGefHTeNbHBIM, TAK KAK BOBMOMKHOE IEPEKDEHI-
THE JWHUN BO BHMMaHNe He NPHHEMAJOCH.

®peitagmnx [287] nerramea goxasars Haauuwe KPacHOTO
CMemeHUa W s HEeNOABMKHBIX 3Be3[. B caydae 3Besy oTo,
O7lHAKO, BO3MOKHO TOJBKO ¢ MOMOIIBIO JOBOJBHO HEACHBIX
rENoTe3, HeOOXOAMMBIX RIS DasfeleHns TPABATANMOHHOrO X
momneposckoro d3ddertos. Ileperie pesynpraret Ppelinganxa
OBLIM BCIEACTBHe STOrO OHPOBEPTHYTH Seeaurepom [288].

PesromMupys, MOMKEHO CcKasaTh, 4YTO HKCIEPAMEHTAJILHEIE
Pes3yIBTaTHl OTHOCHTEJIBHO KpPACHOTQ CMEINEHHA B HACTOA-
mee BpeMs OJarompEATHEL NId Teopudu, HO He AT eme
OKOHYATeJBHOTO €€ IOATBeP)KJAeHEHA (cM. mpmMed. 14).

Y. Ipragun ®epMa B cTATHIECKHAX IPABH-
TAOMOHHHEX moxsax, IlpmMmem, 4To MH mMeeMm fielo CO
CTATHIECKUM TDABHTANMOHHBIM IOJNEM, T. €. 4TO CHCTEM3 KO-
OpAMHAT MOKeT OBITH BHIOpaHA TaK, 9TO0HI BCe £y He 3aBH-
CeJ:m OT BPEMEHH U 4YeTHIPeXMEPHBI JNHEHHBIA 3JeMenT
uMesn GopMy

ds? = dg?® — f2dt?, (394)

rie do? — mONOMUTENBHO OLpPefeleHHAs KBajgpaTuuHas op-
Ma oT Tpex AuPQepeHIuaoB IPOCTPARCTBEHHBIX KOOPIUHAT;
f — saBmcaman or TouKEm cKopocTh cBera. Kpome Toro, B aTOM
ciyuae

g14=gou=gu=0, gu=—F/c’ (394a)

Brinosnerne mepBEIX TpexX HANHCAEHLIX COOTHOMIEHWi BO
BCEX CTATHIECKEX (-mOJAX ABJIAETCS 0coGOM rumoresoif, Ko-
‘TOpasg MO;KeT OBITh ONPABJAHHOW, JHIIb eCIN HCXOAHTH M3
Iugdepenunansaoro ypasaenus G-noas. B wactmom ciayuae
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cepuTecKI-CHMMETPUTHBIX CTATHIECKAX I0Jed, KOHEYHO,
a priori BUAHO, YTO ¢ MOMOINLI0 MOAXOAAILell HOPMHPOBKH
BpeMeHHN Bcerga MOKHO HOOHTHCA HCUE3HOBEHHA JTAX KOM-
moHeHT gu (=1, 2, 3)*).

Msr xoTum 3mech HCCAEROBATH TPAeKTOPHIO CBETOBOrQ Jy-
ga B momoGuom mose. Corsacao § 51 ara TpaexTopms ompe-
fedsierca ycJOoBHEM, YTO oHa MoJKHA OBITH HyJeBoil reopme-
3nuecKoil aunueil. B paccmatpuBaeMoM CIeIHaIbHOM CIydae
3To moJokeRue, Kak nokasaau Jlesu-Umsura [293] m Beins
[294], momer GuiTb BEIpaskeno B ¢opme npuuiuma Depwma.
Hna pmokasarenbctBa GyjaeM HCXOfuTh K3 BAPHAILOHHOIO
ppuanunoa (83) (em. § 15)

1 dz* daP
LzTgikah—E}T’ aj‘Ld}\,=0.
Ilpn sToM KOOpAMHATH KOHIOB HYTH WHTETPUPOBAHHSA HE

BappupyoTcsa. Ecau Temepp NOACTABUTH AiA g SHAYCHUSA,
caenyromue u3 (394), ro moaygum

1 (do 2 2<dt 2

L—T\aw) — &)

¥ BapUANWOHHBIH NPHHIUN OpPH BapbUpoBaHuUU ! Jaer ypas-
HEeHUue

- d dit dt

— | 2 =] == 2= ) =

d}» (f d}‘) 0, f(dx) const.
IIpu coorBeTcTByMOIlell HOPMHPOBKEe mapamMerpa A MH Mo-
JKEM IIOJIOIKUTH

dit
P =1 (395)

VamenmM Temeph yCHOBHA BaphbUPOBAHHA  CJefyHOUIM
o0OpasoMm.

1. DukcHpPOBAHHBIMI JO/UKHEL OCTABATLCA JHIOb NPOCT-
pancréentbvie KOHIBI TPAEKTOPHU; BpeMEHHAS KOoOppUHATA
OycTh BapPBEPYETCHA W B HAYAJLHOH M B KOHETHOH ee TOUYKAX.

2. BapeupoBaHHasg TPaeKTOPHA TaKKe AOMHHA OHTH HY-
JeBoil nmHEell (HO He o6A3aTeNbHO reopeswueckoil). Beaep-
CTBUE IIOCJHEIHEro yCAOBUSI

L=0 un 6L=0

*) Uradpsrckue MaTeMaTHKH OTJIMYAIOT CTATHYECKHI chyuail, B
KoTOpoM giy = 0 mas i==1, 2, 3, or Gonee o0mIero CTaUOHAPHOrO
cIygad, B KOTOPOM gix TONBKO HE3ABHCHMELI OT BPEMEHH, HO g4 5% 0.
Cm. [291], rme paccMarpmBaloTCs TPREKTOPHA MaTePHAJAbHBIX TO%EK
I CBETOBHIX Jydell B CTAlHOHAPHOM Clyuae; cM., Tamme [292],
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BO BCeX Touxax rpaekropun. C ppyroil cTopoHLI, Opd Bapem-
POBAHAHN BPeMEHHON KOODAHHATHI

dt t d dt
Lo —p gl e
65‘ dA fdx 6t *1+ 7y / Y 8t dA.
Jro BHIpakeHHe Tak;Ke MOMKHO OBITH pAaBHO HYNW, €CIn
BapbLUPOBAHHAA TPAGKTOPUA ABJIAETCA HYJNeBOil aunpeil. Yc-
aosue (395), osmauaromee, YTo HyJeBasA JHHUSA €CThb TeOfe~

3UTIECKadA, MOMKET LOITOMY OBITH 3aMeHEHO COOTHOIIGHHEM
t

2
‘ 2
8t |{;’=5_§ dt =0
58
nnd, Oocle HCKANYeRHs BPEMEHHA C IOMON[BI0 YCJIOBHA
L =0, cooTrHOmICEENEM

do
GXT = 0. (396)

Aro ects me uTo umoe, kak nmpupnun Pepma. Orcioma cie-
Ayer, 94TO B CTATUIECKOM TPABHTAUMOHHOM IOJe C6eT080U
AYu He asaferca eeodeauueckoli AuHUel TPerMepHO20 npo-
CTPAHCTEA, THAYE OH OONMIMHANCA GBI YCHOBHIO

6fd0=0._

Tonbko MUpOBAas NHHHA CBETOBOIO Jyda B UYeTHIPEXMEPHOM
Mupe aBasercsa reogesmieckoit. Ilosromy cBerosoit ayT B
rpaBUTAUOHHOM HoJe mckpupaserca., (CremeHb MCKpUBIe-
HUS 3aBICHT, OfHAKO, OT BUAA d0 H B OTIHIHE OT KPACHOro
cMemleHns MosKeT OLITh ompefeJeHA TOJILKO, €CIH ypaBHe-
pus G-mona camm masecTHll (cM. § 98, y).

Jlns TpaexTopME MaTepHANbHO TOUKH B CTaTHYECKOM
rPaBUTANHOHHOM I10JIé TAK/Ke MOMKHO AaHANOTHYHHIM ofpa-
30M HAiiTH BapHANHOHHLIA NPHHNKN, He CofeprKamui Goixb-
me BpeMemnO# koopmumarsl [293, 294]. Opmaxo om =He
HMeeT HarJAJHOTO TOJKOBAHMUA.

§ 54. Bauanue noas TATOTEHHA
HA MaTepHajlbHble mponecck *)

TlpencraBaserca ymoGEBIM BMecre ¢ OHHMTeHHOM HA3H-
BaTh Marepueit Bce, kpome G-mona. Torpa sajgava sakrimoya«
£TCA B TOM, 9T0GLI NpHMAATh B3aKOHAM MAaTepHAJbHLIX NPo-

*) Cm, 7anme A. Einstein m M, Grossmann [236], = I, § 6;
A. Einstein [258], Abschn C,; [262], Abschn. D,

14 B, HDayan
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meccos oGimexKoBapunantuyo ¢opMy. B npmanune oma paspe-
1maeTcs clefyomuM paccys:gpenueM. Ilycrs cragana sajana
cucreMa Ky, B KoTopoil BeauuMHLl g, B KOHEYHOW obmactu
MHpa HMeIOT CBOM HOpMaJbHBIe B3HAaueHWA. TOrga BaKOHLI
DPHPOXLl HMEIOT 37ech Ty $opMy, KOTOpas CYHTaeTcs Ipa-
BANBHOH B CHEMUANBHOH TEOPHH OTHOCHTENBHOCTH. BBemgem
Temeph JO0YI0 APYryH NpPOU3BONBHO JABH/KYIIYIOCA Traycco-
By cucreMy K m ompepeauM ¢ IOMOMBI0 IPAMOTO pacdera
¢opmy saxonoB B K. Ha ocHOoBaHWME mpMHOMNA SKBHBAJEHT-
HOCTH $ICHO, 4TO TAKHEM cnocoGOM OJHOBDEMEHHO HAXORHUTCSH
BINSAHHE IPABUTANUOHHBIX IIOJIed HA MaTepHalbHble IpoIec-
cel. Jlamee, aTOT pe3yiabTar NEpPeHOCATCA Ha Ciaydail, Korga
HeJb3A HaliTu HEKaKod cucremnl Ko, B KoTopoi#t rpaBmrami-
OHHOE mojie MoskeT OBITH yAaAeHO C IOMOMIBbI0 mpeobpaso-
BaHUA MiA KoHeyHBIX oGaacredr mmpa. IlogoGmoe mepemece-
HIe BO3MOKHO, KOHEWHO, JIUIIL HA OCHOBe B H3BECTHOH Me-
pe IpOU3BOJILHOHR [HMIOTE3BI, 4TO BTOPEIE NPOM3BOAHEIE OT
ga He BXOIAT B pacCMaTpUBAaeMbIe BAKOHEI IPUPOJEL.

B maTemaTuuecKoM OTHOIICHHW MOJOMKEHHE AHAJIOTHIHO
AMeOIIeMy MECTO IPH HepeXofie OT TeH30PHOr0 HCYHCHEHUA
eBRJIUAOBoll reoMeTpHMM K TEH30DHOMY HCIHCICHHIO TEOMET-
puz Pumama (cm. § 13, 20). Wcoomssys merogsr ra. II,
MOKEHO JI000MY BAaKOHY CIENHaJbHOH TEOPHH OTHOCHTEILHO-
CTH Cpasy ke OpUAaTh OOIMEeKOBAPHAHTHYIO QOpMy; pisa
BTOr0 HY:KHO 3aMEHHTH BXOJIAINAEe B HAX TEH30DHLIE omepa-
[MM COOTBETCTBYIOINYMA O0OOMEHHBIMA ONEPANAAMH pHMA-
HOBO# reomerpmd. Ilpm sTOM HYKHO, KOHEYHO, YIHATHIBATH
Pa3HHIY MEMKAY KO- M KOHTPABAPHAHTHBIME KOMIOHEHTAMM
TeH30pa, & TaKKe MeKAy TEH30DaMH H TeH30DHBIMH ILIOT-
HOCTAMA.

Uznoxenunie ofmue monoxenma Oyayr celivac pasmic-
HeHH HA mpuMepe ypaBmpHmA MawxcBeana qi1a moad B my-
crore. OupegennmMm omaTh TeH30p moas Fi, COOTHOINEHAAMHU
(202). Torma, cormacmo (140b) (cm. § 19), ypasmenume
(203) coxpamsercs: ' '

orF . oF aF
Ilh ’.:’l + P:l — 0.
ox oz oz

Bropas cmcrema (208) ypasmenmii MaxcBemnra foisxEHA,
ofngako, corimacHo (141b) sammchIBATBCA HECKONBKO HHAYE.
Beefem xomTpaBapmaHTHbHIE KOMIOOHEHTH TEH30DHOH IIOT-
HOCTH, COOTBETCTBYOMImEl Fi:

%ik —_ ]/:_?gafgﬂhl;aa’ (397)
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a TaKKe TeH30PHYI0 NIOTHOCTH, COOTBETCTBYIOIIYIO BEKTO-
py TOKa

g = V—gs', (398)
B 3TOM caydae aMeeM
o™ oz = &', (208a)

OTKYJa BHITeKaeT Taxike o0o0meHHe ypaBHEHUA HeNPepPhIB-
pocta (197)*)

05'/0z" = 0. (197a)

IlorgepoMoTopuiag cuia BHIYHCAAETCA COBEpPIIGHHO TaK
ae, KaK pampire {cM. (216)):

fi=Fus",
A4 COOTBETCTBYIOmaA TEeH3OpHas MJIOTHOCTL paBHA
f( = Y—gf(=Fih5h. (2163)

CMeIIaHHEIE KOMIOHEHTH [JIOTHOCTH TPH30pA DHEPIUA WM-
oyabca, cornacHo (222), paBHE

&} = Fi, 8" —1,F, &6k (222a)

Bamno oGoGmenve coormomenns (225). Ha ocmoBanum
ppasuwia (150a) obmero TeE3opHOro amanmsa HaXORBM:

S
e, |
X
WA TaKe {225a)

a@? 1 @T& ags__ f'
W T
Bropoii wiem neBofl wacTH XapakTepeH XA BAUAHUA
rpapuranguonrHaoro monsd. Tor ¢axr, 9ro (225a) m B obmem
crygae gABIAeTcA CIPXcTBHeM coorHomenmit {203), (208a)
un (216), spTeKaer u3 BLiYECJHeHnui, nposefenunx B § 23, a.
ApanormanelM oOpasom MoryT OwITh 3amucansl B ofuie-
KoBapmaHTHOH (hopMe ypaBHeHWs ABMKepmA xmaroctd. OG-
mue ypaBmeHmsA [epraorma [IsA yOpyrax Ten Owuim pac-
cmorpernt Hoppmerpémom [295]. Tak me kak (225a) moay-

*) Jlays [276] yraswiBaer mpmMeueane 31oro ypasnenns, Vimerro,
OH NOKasaJ, 94T0 H3 JTHX ypaBHeHHﬁ NJIA MBPOBBIX JHHUA CBETOBHIX
dygeft B mycToTe B PAMKAX OPAMEHHMOCTH TeOMeTPHYEeCKOH ONTHKH
AeiicTsaTenbH0 BHTCKaWT ypasmenmsa (80) m (81) ana myaesoir reo-
Reamaeckoit MARKM,

d4*
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gaeTca W3 pupaskesnsa (225) AAA MOHAEPOMOTODHON CHIbI,
3 ofmero 3akona coxpanenna auepruu m pMmnyanca (341)
ELITCKACT 3AKOH COIPANENUR SMEPLUl U UMRYAbCA 048 Ma-
Tepuu npu HAAUNWL 2PAGUTUYUORILLE noaell:
R
%] 1

s agl's
67_—2-2 =0 (341a)
B ¢usnueckom ormomennn ypasueune (341a) owemn cy-
IIeCTBeRHO OTJMYAETCA OT paHee paccMOTpeHHOH QopMmbl 3a-
KOHA coXpancuus smepranm u pMmnyabca. B To Bpemsa kak ns
ppeskncii QopMbl € 1OMOLIBIO NUTErPUPOBAHUA MOKET Oblth
HOJYYCH 3aKOH COXpaHemHsa HOJHOr0 RMOylbca H HOJHOM
aHeprui, B cayvae nosoit gopmul (341a) aTo yie HEBO3-
‘MOJKHO, BCJACACTBHE (PUCYTCTBUS BTOPOro wiIeHA B JIeBoil
gacrn. Jledo 3neck B TOM, UTO dHEPrUsA H UMIYJIbC CPABHTA-
IMOHBOr0 MO0AA MOPYT IEepeXOAHTh B DHEPrMI0O H HMIIYJIbC
Marepuu, u maoGopor (uoapobuee cM. § 61). Ecan smemuume
CHJIBI OTCYTCTBYIOT, TO, B 4aCTHOCTH, s Ty MOIKIIO BBECTH
KHHeTHUCCKNil TeHsop sumeprum-uMmuyisca O mo (322),
dz% dak
dv dv
Ypasnennsa (341a) cBojsites Torga K ypaBueHmio reojesi-
geckofl aunun (ca. opumed. 13).

R -
a chaejosarebio, U T Bupaskenue i, V—ggiu

§ 55. Bapuagnounpie MPIHIMILI
Adsl MaTEpPHAJbHLIX MPOLECCoB
OpH HAJAYHH TPABUTANHOHHBIX noneil

Kax rnepssie nmoxazan [uasGepr [296], temsop amep-
rui-uMityabca Ty OUCHB NpOCTO cBf3aH ¢ (yHKOumeH peficT-
BHMA, UTO OTYETJMBO [POsABJsAETCA Jumb B o0uwefi Teopmu
orvocuteannocti. Mol nokamem sTo Ha TpuMepe Bapmanu-
OHUHOTO TpUHIHDA  MeXannKH — JTeKTPONMAAMIKN  (CM.
§ 31), koropuii saunumem B ¢opme Beitan (231a):

W, = {% FiF™™ — 2¢;st -+ 29062} ds =
- j L paFtas - Sde fzwidxi +

4+ 2pge ( V = gauiur dS, (231D)
6W, = 0.
AvoT BapPUAIMOHHBI NIPIHLKI OCTAETCA CIPABEJJIHUBHIM il B
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nosne tarorenna [109, 110, 294], ecan me BapnmpoBaTh Be-
anuny g, (Bapbupylorca ousto HesasucuMo APYr OT Apyra
MUDOBBIE  JINHHA MAaTePHAJLHLIX TOUEKX O MOTeHI A
nosst @)

Heuro mopoe Gymer, ecim BapenpoBate gy Muopossie
JUHUA BEIECTBA U TOTEHIMAALI (; MLl Temepb OCTaBJgeM
HemaMeRHbIMH. B srom cayvae, cormacso § 23, o, nepsoiif
UHTErPaJ BHOCHT CJIaraeMoe

— S &*8gy, dx = — S S™*8gi dz,

BTOpOHl nHTErpa’s He BHOCAT HuYero (1. €. papen HYJIIO) H
Tpernii

— [ pouiurdgy % = — [ €™8g,,a3.
IHooroMy B utore
oW = — [€"6gy dz = + [ Tubg™ da. (399)

TaxnM olpasoM, TeH30p anepzul-UMNYALCR MATEPUL ROAY-
uaerca eapvuposanuen G-noas 6 unreepaae delicreus
[296]. 3ro npasuigo cHpaBRefJnABO Bcerma, a He TONBKO B
paccmorpenuom caygae. J[as Tensopa ynpyroft amepraum 3To
~osuto  noraszamo Hopgerpémom [295] (o rteopuw Mu  em.
ra. V, § 64).

Cpsizb Me)<jly TeH30pOM BUEPrHN-HMNyJALCA MAaTepHH M
dyuknueil melicTous, KOTOPaa 8jiech 00BAPYIUBAETCA, OKA-
3BIBACTCH HCKJIIOYNTeILHO BaKHOI Ina gppMeHenna B Oﬁ'
meii Teopns ornocuteannocrs upnannna Famnastona (oM.
§ 57). Jlaaee, ecan paa Ogs npuusiTh DPOCTO  BapuHanuio
O0%*gy, MONYUAMYIOCA BaphupoBalueM KOOPANHATHON CH-
creMpl, aasa woropoil 8V rompmecrnenmo  paBino  @yJIo
(§ 23), to na ocoose (169) mokHO cAenate caeayomee
ofiiee yTepkenue: 60 8cexr Texr cayuaar, kozda 3aKOHLL
noas 048 Marepuasblbll npoyeccos mo2yr 6GuiTv 8bleedenbl
U3 6apUAYLUOHIIOZ0 NPUHYUNE, @ TEH30p Jnepeuu NoAyudeT-
ca us unreepaaa deticreus nyrem eapwvuposanus G-noas
ORUCAMIUIM 06PA30M, 3AKOH COXPAILENU 3ILCPeUU-UMRYALCA
(341a) asaserca cacdcreuem srux 3aronog noas. s avo-
ro BaKMIOUCHHA CYI(ECTREHIIO, €TO WaefLl, 1I0AYIal0HIHecs
Gaarofapa eapuayu 8% nepemenitulr, XapaRTCPH3YIODINX
COCTOALINE MaTeplii, HCUC3AaIT BeaegeTRue npunnnma [a-
MITBTOHA.
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§ 56. Ypaswenus rpaBuTanHoOHHOTO IO

OcnmoBmas u BaskHelmas 3afava obmed Teopu:m OTHOCH-
TeqbHOCTH — YCTAHOBIEGHUE BaKOHOB s camoro G-mond.
Or >THX 3aKOHOB HYKHO, KoHedso, TpeboBaTh, 9TO0BI OHH
Obutn ofbmexosapuanTHel. OQHAKO [JIA OFHO3HAYHOTO HX yC-
TAaHOBJEHHs HY/KHO MocTaBurh u gpyrue tpeGoBamua. Oc-
HOBHBIMH cO00paskKeHUAME ABIAIOTCA IPH 3TOM CIefyloIne:

1. CornacHo npuHIUIY SKBHBAJEHTHOCTH TsKeJas Mac-
ca paBHA HHEPTHOH Macce, a B3HAYAT OPONOPHHOHAILHA
monnoil smeprumu. To se camMoe OTHOCHTCS, OUYEBHAHO, W K
cuie, feiicTBYWIEll B IOJe TArOTeHAd HA MaTepHaIbHYI0
cucremy. IloaToMy NpefcTaBiAseTcsa €CTeCTBEHHBIM IPHHATD,
9r0 ® HA00OpOT, TOABKO [OJHAS 3HEPTHA CYIIECTBEHHA JJIA
. IOJNA, cosfaBaeMoro Marepmanbuoil cucremoii. Ogmako co-
IJACHO COe[UAJLHOA TEOpHH OTHOCHTEJNBHOCTH ILIOTHOCTH
DHEPrAN He MOKET OBITh ONMHCABA CKalXApOM, & MABIAETCA
44-rommonenroin Tedsopa T, B KOTODOM K 91eprHu PaBHO-
OpaBHERIM 006pasoM NPHCOCANHAIOT UMIYJIRC N HANpPAKEHOS.
CcopmynupyeM m0osTOMY Haple NPEANOJNOAICHHE CJETyIOIEM
06pazoM:

B ypasnenus 2pasurayuonmnozo noas He GoaxcHbL 6Z0-
Quty nukakue Opyele nepeMeHHble, TAPAKTepu3ylowue co-
CTOAHUE MATEPUL, KPOME NOAHO20 TEH30PA IMEP2UL-UMNYALb=
ca Ty

2. Ceepx Ttoro, mo amamormzm ¢ ypasHemumeM IIyaccoma

AD = 43’!’1‘“0,

OfHmITein fenaeT NpeAnoONoOMREnue, UTO TEH30p SHepeull-
umnyavea Ty Oonxcen 6uite nponopyuoHnasen Ougpdepen-
YUAALHOMY BBIPANCEHUIO 6T0P020 NOPAJKE, 06pa3osannomy
704bK0 U3 gy 1IOCKOTBLRY 9TO BHIpasKeHHE BCJEJCTBHE IO-
cryazara ofmell KoBapuanTHOCTH, 00A3aTeNbHO JOMKHO
6ot TemzopoM, corsmacuo (113) (em. § 17) maxomum cae-
pyomyo ¢opmy A1a  AnddepeHmuaIbHEIX  ypaBHeHRIE
G-pons:

CIR”. + CQRgih + C38mn = th‘hy (400)

rme R — ompepenennnit  gopmynoir  (94) (cpepmyrsrii)
TeH30p KpuBM3AB, a [ — cooTseTcTBylOUA HHBApAANT
(95). O reomerpmuecKkoM cMmblcae dTAX Temsopos cm. § 17,

CymaOCTh C/[eJAHHBIX IPEANONIOMCHNl OTIeTINBO BEIAC-
mseTca Dpm cpasmenuu c¢ teopmefi Hoppcrpéma, koropas
cormacEo Ditnmreiiny n Qonxepy [254] rammke Momer
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6rITH OpexcTaBaeHa B ofuekoBapuantHoll ¢opme, B rpasm-
TauuoHHEe ypasaenus Hopaerpéma BXoguT TONBLKO CKANAD
T =T/, npuieM OH NPONOPIUOHANEH HHBAPUAHTY KPHBH3-
pet R. Ocranpasie ypaBHenus teopum Hopperpéma, KoTOpHIe
ele 70 CUX OOp He yCTAaHOBJEHBl B PAa3BePHYTOM BHAE, KOJ-
JKHBI COMlepKarTb YTBEPIKJEHHE, YTO JUHEHHBIA dJIEeMEHT IpH
DOIXOfAIeM BbI0Ope KOODAMHAT Bcerja Mos;keT OBITH mpmBe-
JieH K BURy

ds® = @ X (dzi)?,

T. €. 9T0 B HEKOTOpoif cmcreme KOODAWHAT CKODOCTH CBETa
pocTogHEA. MBI BMAUM, YTO 9TH YDaBHEHHA NOJA, C TOUKA
spennsa abcolTHOr0 muddepeEnuaTLHOr0 HCIUCACHHA, Ka-
JRYTCA COBEDIIEHHO HMCKYCCTBeHHBIMH H BAalyTAHEHIMA IO
CPaBHEHHNIO C YPaBHEHMAMH Teopmu OifmIITefiHa, B KOTOPHI®
Bce KOMmOHEHTH Iy BXOJAT PaBHODDPABHO.

3. aa Toro uro6nl ompefieluTh BXOJAI(Ae B YPABHEHHS
(400) emavan® HeompenejcHHLIE HOCTOAHHLIE C;, C; H C3,
MBI JOJKHBI DPAcCMOTPETh CBA3b 00meil Teopun OTHOCUTENh-
HOCTM C DPUHUUNOM IpudnEHOCTA. Ecim MBI HAIIAM Kakoe-
BHOYAB pemeHue oOLIeKOBADUMAHTHRIX ypaBHeHNE OONA, TO
myTeM BbI0OpA APYIHX KOOPAMHAT MOMKHO IONYYUTH CKONb
yromao MHoOro apyrux pemennit. Ilosromy obujee pewenue
ypagHenul noan 00a%cHO cOOepicars HeTbipe NPOU3BOALHBIE
gynryuu. Cpedu Oecaru ypasuenuli noas (400) Oasa Odecs-
TU HEUBBECTHHIL gy OOAJCHYBY, TAKUM 06pa3om, UMETbCs ue-
Teipe Toxdecrea. Boobuje 6 peaarusucrcrol Teopuu 0aa m
HeU36ecTHHIL JOAICHO CYULecT606aTy Auwb m — 4 Hezasu-
cumslr ypaswenua. IIpoTuBopedne ¢ OPHEOANOM IPAIAHHO-
CTH ABJIAETCA TOJBKO KAJKYIIUMCH, TaK KAK BCe BO3MOMHEI®
pelueHds ypaBHEHHWI WOJA OTAMYAIOTCA APyr OT Apyra
aamb QOpPMaABHO, OCTaBasch (HUIAYECKE BIOJHE PABHO-
ppaseEbiME. V3momerHble 37ech coobpaseHua OPHHAJJIEKAT
TnanGepry [296] *).

Mer opumam, Takmm o0pasoM, K TtpeGoBanmio, 9ToGLI
Meskay Aecarbio ypaBHeumsaMu (400) mMenoch 9ersipe TOK-

*) B mcTopmueckoM OTHOMERAHW MHTEPECHO, 4To eme O, Max mpm-
Mmex HA OCHOBE POJATHBHCTCKAX PACCY)MACHHHE K PesyJbTaTy, COTidac-
HO KOTOPOMY SHCJO0 ypaBHeHHi, BhIpamkaionax ¢us@zdecKme 3aKOBEHL,
70J:%80 ObITh MeHBIIE YMCIa HemadsBeCTHBIX [297].

3aMerEM fanee, 910 JHHUITEH HEKOTOPOE BPEMs OPHIEPKABAJICA
0omrGoYHOro B3IAAAA, COINIACHO KOTOPOMY YKa3aHHAfd HEOQHO3HAYHOCTH

eleHUH MO3BOJAET BAKMAOYHTh, YTO YDABHEEHA TATOTEHHA HE MOTLYT
gﬂu obmexoBapuaBTER (cM, [258]).
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Kax yme im0 yrasamo B § 50 (em. cmocky ma c. 196),
BTH K€ VPABHEHWA B TOM ke TOAY Oblrum BeIBegeHL ['Hiab-
feproM. B 1o Bpemsa Kar y ['manbepra mcxomHBIM ABIAETCHA
BapUAIMOHHBLIA I[PUHINI, B PalmleM N3JIOMeNuH, Kak H Yy
JinmTeliga, 2TOT MOCHEIHUH MOJyJaeTcsas KAk MaTeMaTH4g-
cKoe caefctBue (cM. caemylouuii maparpad).

§ 57. BuiBoj rpaBUTAIMONHBIX YypaBHEHil
W3 BapHANUOHHOTO UpHuIHa *)

To of6crostenscrBo, uro Teusop Gi  yHoBIeTBOpAET
ypasuenno (182), csasamo, cormacmo § 23, ¢ Tem, 9TO OH
noJgydaercA nWyTeM BapbupoBaHmsi G-Nojds U3 HWHTErpajJbHO-
ro MHBApPHAHTA

8 [ Rz = [Gudg™ dr, (180)

ecJM Baphanum KOMIOHEHT II0Jd HCYE3ai0T Ha TIpPaHHNAX.
Hdanee, B § 55 MBI Bujesn, 9To TOT HHTerpajdbHEIH HBEBApH-

ant | M dr, xoropeiil npu BapbHPOBAHHHN MATEPHANLHBIX IIe-
peMenHLIX npusBogutT K AuddepennuaIbLELM YpaBHeHUAM
MexaHudeckoro (ympyroro) H 3JMeKTPOMAarHUTHOrO HoJcil,

upn BapbupoBaHun G-moiA JlaeT TeH30p JHEPTHH-HMIYNLCA
Marepuu

8 {Mmaz = (2,800 do. (399a)

OGa »TH COOTHOIUEHUS NPUBOAAT K TOMY, 4TO Bce Qu3amde-
cKHMe 3aKoHbl MOTYT OLiTh OOTLefUHEHH B 00uM BapHAINOH-
HBI TPHHOUI

6Bz =0, (403)
W = R+ 2N, (404)

Ha rpanunax ofsacTu HHTErpHPOBAHHA Bapuarim KOMUO-
HEeHT 0Js JOJAHBl 0pn 3ToM ncue3ars. OcoGeHHOCTHIO 3TOMH
dyuKnuH JelicTBHA ABAAETCA BO3MOMKHOCTH pas3feguTh ee
HA JBC YACTH, (3 KOTOPHIX OfHA HC3ABICAMA OT MaTepHATb-
HBIX [IepeMENHBIX, & Apyras — OT NOPOH3BOLHEBIX gu (0 6o-
aee ofmux (PyHKmuaAX JeicTBnsa, ne o00JaJAOMUX ITHM
cBOiicTBOM, cM. T, V).

Bapuaiuonunii npuunan (403) vopusomur oaHOBpCMEH-
HO, BAa ocuopasnu § 55 m 56, K wmaraAgnOMy OOLEUHEHNIIO

*) Cu. [109—113].
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COOTHOMERHUH MEKAY YypaBBeOHAMHE DOOJA MAaTepHANbLHRIX
OpONECCOB W TATOTeHms: us o0eH¥ cHcTeM ypaBHEeHHf cie-
AyeT B8aKoH coxpaHeHns sHeprud-mMmnyiasca (341a) (cm.
§ 54). Cornacmo (184) us § 23 saxom coxpameHus BsHep-
rUd-UMIOYabca MOMKeT GBITh IpefCTaBleR eme I B ApYroi
¢opme. Ionaran

t} = — (1/%) Ut, (405)

h <
rae Ui onpengnennt coormomenmnsamm  (183) m  (185),
Beaeferame (184) m (401) maxogum

.3

0 (2} + 1) /oxk = 0. (406)
CornacHO BBIBORY, 9TH ypaBHEHHA OOICKOBapHAHTHHI, XOTH
BeINYNHE I JNIIb UPH JHHEHHLIX Npeo6pasOBABNAX Ipe-
o0pasyTcad KaKk KOMIOHEHTH TeH3opa. B oramume or ¢op-
Mbl (341a) 8sakoHa coxpaHeHMA OHEPIHM-EMOYJIbCA, N3
(406) MOHO TONYYIUTH 3UKOHLL COTPAHEHUA DHEPIAM A WM-
nyabca TAKMKe U B uHreepasvholl Popme. I[losromy Iiiu-

o 3
mTeH Ha3Baa BEJIWYNHHE li KOMROHEHTAMU aHepauu-uMm-
nyavca epasuTayuoOHHOc0 noas, CONOCTaB/]sisd BX, KaK B H3-

BECTHOH CTeneHH PaBHONDABHBIE, ¢ KOMIOHeHTaMH I; TeH-
sopa oHeprum-mMnyiabca Marepun. O panbmefimax ¢nsuue-
CKUX CIECTBRAX dTOift Touku apenus cm. § 61,
Bapnanmopumifi mpmanun (403) umeer, makomen, npak-
TUYECKOe BHAYEHNEe DpW WHTErPUPOBAHME YpaBHeHAH moas
B HEKOTOPHIX 9acTmblXx cayuanx. Ilossoass o6ofdATuce Ges
obpamernun K obmum AnddeperynanbabiM  ypaBHERAAM,
8TOT NPHUHOMN SHAYUTEILHO COKDPANmiaeT BWUBCHeHUA (mof-

poGuee cM. § 58, §).

§ 58. Cpasnenne c¢ ouvitom *)

o. Teopuan Hproroma kaw mepsoe npuGaag-
menme (cm. [261, 262]). B § 53, o Mwl Bumemnnm, uto B
caabBX KBA3HCTATHYECKAX TPABATAOMOHALIX TNOAAX ypaBHe-
A JBUKeHNS NepexofiiT B HBIOTOHOBH. UT0GH JODOJHHTH
HOKa3aTeILCTBO TOrO, 9To Teopus Hploroma comepskurea B
peqATHBACTCKOR TeopuAm KaK OpefeabHBIA caywaf, mysuo
eme IMOKAasaTh, YTO B YKA3aHHOM YACTHOM Clydae CKaJApHbI

*) OrHOCATENHLNIO COBPEMEHHOTO COCTOAHEA BOOpPOca 00 3KCTEpH-
MeHTaJbHOH npoBepxe ofuied Teopum oTHOCHTEabHOCTH ¢M, [399*—
404*, 11,3*, 11L.11*, 1, 3).— Hpuneu. ped,
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morernman (391) ynosaersopser ypasmemmio Ilyaccoma
AD = 4nkp,. (407a)

Jlas aToil mennm Haififem KomnomeHTY 44 ypasmemma (401a).
Han Ty Mbl MOKeM BBeCTH KHHETHYeCKHil TeH30p SHEPruH-
EMIYIbCAa [olill,. IlpemeGperag BeiumaumaMm HOPAAKa u/c,
MOMHO MOJOKATH BCe KOMIOHEHTH Iy, Kpome 744, PaBHBI-
mu myno. Homnosenra 7'y paBsaa

T44 = poc2
n, CJIeI0BaTeJabHO,

T = g*Ty = g"T4 = —poc.
Ilosromy ypasmenue (401a) maer

Ry = —anpoc?, (408a)
3nauenme Ry moxpo B3ATh w3 (94). Ilockoabry mpousson-

HEIMH 0O BPeMEEN N NpousBefleHHAMH L7, Mbl mpemeGpera-
eM, IOJIy9aeM IPOCTO

R - T
4 9z% "’
I TaK Kaxr
oz
4
Th~Toqu~—"1, b;%(’
TO .
1 0°g 44 1 AD
Ry= -+~ -a—,;*— =3 Agyy=——i (408b)
o& la ¢

mociexHee paseHCTBo monyuemo coraacro (391). Iomeras-
asns 370 B (408a), HAXOMHM OKOHYATEJNbHO

AD = Yynctpo. (407Db)

Takum obpaszom, ypasuenie IlyaccoHa JeHCTBHTENBHO
OKaspiBaeTca copasefausuiM. To o6CTosATENBCTBO, 4TO 00-
Mas Teopus OTHOCHTEJNbHOCTH HA OCHOBAHHH OUeHh 00mHX
nocrynaros § 56 Ges mampHeflIuX ranores UPUBORAT K 3a-
Kony Tarotenua HeplotoHa, sBaAeTcAa ee GOJLLIEM yCIEXOM.
Kpome Toro, Giarogaps 8ToMy MBI Teoepb B COCTOSHHH Koe-
9TO cKasarTh O 3HAKE W UHCJOBOM 3HAUCHHN TOCTOAHHOW X.
Jleficreuteasno, cpapamBas (407a) ¢ (407b), maxopum, dro

ne? = 2 8% 67,407 = 1,87-107 cmyr. (409)

[

02
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OnHoBpeMEHHO OKA3EIBAGTCHA, YTO % IOJOKUTETHHO, BCIe-
CTBWE €Uero OTPHUIATEJbHBII 3HAK B TPABOH YacTM YpaBHe-
rua (401) owvpasmam. Taxum oOpasom, o0Ias TeopHs OTHO-
CHTEJBHOCTH He [JaeT HHKAaKoro (PH3UUECKOT0 HCTONKOBAHMA
3HaKa (T. e. TPABHTAIHOHHOIO0 NPHTSKEHHUsA, a HE OTTAIKHU-
BAHNA) U 3HAUCHUs [PABHTANUCHHON HOCTOSHHOHR; 2TH [AaH-
Biie Teopna Geper @3 onwita *),

B. Crporoe pemenune a4 rPAaBUTAQUOBHOTO
nonsa MaTepuansmo#n tTouku [ua oupenesesns
asa;xenns pepurenus Meprypus d MCKDUBJIEHHSI CBETOBLIX
Jydeil HYMKHO IJIA [OJA MaTepHaJbHON TOYKH 3HATH He
TOJbKO g44, HO U BCE OCTAJLHBIE g, & KPOME TOTO, U a4
BBHIYHCINTH € TOUYHOCTBIO, HA MOPAROR OGoabimeid. Yike B
1915 r. Jfinmreitn [261] pemmax ary sagmawy MmerofgoM Io-
crexoBarenbusix npudamkennit, Hlsapummasy [299], a 3a-
rem HezaBucumo [{pocre [300] Buepseie mamm crpozoe pe-
mernne s G-mons MarepuanbHoil Tourm. JlBmyKemue mepis-
reJnf @ OTRIOHEHHe Jyuell mOJYydyaioOTCsA W3 HEro IpaKTmye-
CKH TaKuMm e, Kak y OJiimiureiina. Boapmiog Maremarmue-
ckoe ynpomenue BHecaa pabora Beitna [301], roropuit
BMECTO MOJADHBLIX KOOPAWHAT BBEJN MeKAPTOBHL M, KPOMe TO-
ro, noap3oBajdcsd He obmumu audgepeENUANLHLIME ypasie-
BuAMA 118 G-1mons, a BAPHATMOHELIM OPAENMIOM.

ITockonbry mose MaTepualnbHOH TOUKE fABIAETCS CTAaTH-
YeCKEM H C(epUUeCKH-CHMMETDHYHEIM, KBajpar Jupeiinoro
9JIeMeHTa MO:KeT OLITH HpHBECH K BUAY

ds? = y[(dz')? + (d=?)? + (dz®)?] +
+I(z'dz' + 22d2? + 2%d2®)t + g4 (dz®)?,  (410)
rae ¥, ! o g4 — PYEKOUE TOXBKO
r=7Y(z")2+(2?)%+(z)%

Ogmako 3TuUM KOODAMHATHAs CHCTeMa eIle He ONpegeleHa
opH03HauHO. [leficTBUTENbHO, Hpu HpeolpasoBanuu

#=Oa [ =Y &P @+ @ =10,
(411)

*) B (409) cromr xc? a me x, Kak y GONBMMHCTBA ABTOPOB, TaK
Kak 8mech T4 HmMeeT DasMepPHOCTh LJIOTHOCTM JHEPraw, 4 ge OJ0T-
HOCTH Macehl.
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coflepIKRaIeM Npou3BoJbLHYyI0 (QYyHEIHI [(r), KBajpat Jau-
gefinoro siementa coxpanger ¢gopmy (410). Tlostomy MBI
MOM{eM ele jasee HopMEpoBaTh koopanuarel. Crepyiomiue
IBA BIjJa HOPMHPOBKH OKA3hIBAIOTCSI, B YACTHOCTH, YA00-
HBHIMIL:

Y=1:
ds? = (dz')? + (d2?)? + (dz*)? +
+ [(2'dx! + 22dz? +2%d2®) T + gy (dxt)?  (410a)
1=0:
ds? =y [(dz") 2+ (dz?)? +(da®)?] + gaa(dz*)2. (410b)
Mpr GyfeM npou3BOAMTL MUTErPUPOBAHNE YPaBHEHNH mois
B KOOpAMHATAX, B KOTOPBIX KBaApar JIHHEHAHOro 3JeMeHTa
ppusumaer gopmy (410a). Ypasneuna mons B obiacTu, He

coflepAaleii - Macchl, KOTOPYIO MBI 3HeCch TOILKO B paccMar-
puBaeM, corsmacuao (401a), umeror npocToi Buj,

Ry = 0. (412)

floMmnonenTsl R, TeHsopa KPUBH3HLI B HAlleM CJay4Yae MOOC-
le BBeJEHAS COKpalleRUH

R=1+U% A=V—g=hT—gu (413)

BBIPQ;KAIOTCA, KAK MOMKHO ycTaHoBuTb pacderom m3 (410a),
TaK:

ik ,
Ry, = [Rn] ‘5? + ([Ru] - [Rzzl) Er—z- mas i, k=1,2,3,

(414)
(R —A LT 2 a
n ,2g44 2 dr A r A’
1 d (T8 1
(Bool = — 23 & —f‘)——g; (415)
2 7
R, o= —fa 1 47
WT TR A\ )

rge [Ri] 7 [Rz2] cyrs smagenmus R;; ¥ COOTBeTCTBeHHO
Ry u Raz B 10uke 2' =r, 22 =2%=0. 9ru smavenns R,
pomsnsl GuTh mogcrasnensl B (412). Uz mepsoro m Tpetbe-
ro ypasuernusa (415) cpasy maxogum

A’ =0, A =const,
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Ecna Mm HanoxoMm eme ycioBue, 4ToGn B OeCKOBEYHOCTH
g.‘;. NpUuHNMaJAl CBOH HOPMalibHbie 3HaYeHug (TOJ'I];KO nociae
aToro mpoGieMa cTaBoBuTcs onpefenennoil (cM. § 62)), To
gajee MOJyIUM

A=1 (416)
4 @3 BTOpoOro ypasHeHua (4135) cnemyer, 9T0
g44=—1 +2m/r, (417)

e m — nocrosiRHas mATerpuposamnsa, CpaBHABAag ¢ HBIO-
ToHOBBIM moTenmumagom @ (cm. (391)), maxopgum, dgro 3Ta
TMOCTOAHHAS CBA3AHA ¢ Maccoii M MarepuanbHOH TOUKHE, CO3-
pawomeli mone, ¢popMyoi

m = kM/c% (418)

IlocKkounbKy m mMeeT PasMepHOCTH RJMHEL, Mbl OyzeMm Hassbl-
BaTh 9Ty BEJMYMHY TPABHTALMOHHLIM pPaJMYyCOM MAacCHL
Jlerko y6emurbes B ToM, uTo coormomenua (416) a (417)
AeficTBATENbHO YHOBJIETBODPSIIOT 6CeM ypaBHEHWAM mnoas *).

Cornacao Beiinwo, Boiuucienne Bhipakemmi (415) pmena-
eTcs HM3NMIIAUM, BCAM HCXOUTh W3 BAPHANMOHHOTO NpHH-
muna (403). [luas cBoGogHOro OT MaTepm@ LPOCTPABCTBA MBI
MosKeM Takme coraacHo (177) mamucarh

8 Gdz=0. (419)

B mamem ciyyae MOJKHO 37ech HE BBOAATh HO BpeMeDu,

HE KOODAHHAT X, &2 4 Z3, a paccmarpumsath @& Kak dysk-
LHI0 TOJBKO I, BriuucaeBme paer

2lr 1 2A°

G =— A’=(———-1)—~,

a 1? r

*) B macrosmee BpeMA NDHASATO HA3hIBATH IPaBATANMOHHEIM pa-
IAYCOM BeNmumHY rg == 2kM/c’. OGnacTp UpOCTPaHCTBa-BpEMeHH, Je-
;Kaman BEYTPA c¢depsl PagAycoM Ty, Be ONHBCEIBAGTCA peleHHEeM
Hisapuwinabga, @ MOTOMY 3TO pelnesme He Bonmo, Bupamenme gas
MeTpUKE N0JHOro cepAsecKA-CHMMETPUYROIO NYCTOro UpPOCTpancipa-
BpeMenm Opiio monyyeno Cmarom [402*] m Kpyckamom [403*]. Csoit-
CTBA 2TOr0 pellleHUs TAKOBH, 9TO €CJIHA OPW cKaTmd (KoJJalce) Tedo
AOCTHTAeT pa3MepOB MeBLIIAX FpabUTalHOHHOTO pajmyca, TO Rajiee
TPOIecC KOMTANCA CTAHOBATCA HeOOPATUMEIM W UDHBOAMT K PasBATAlO
cuAryaapaocTE. IS BHEUIREro OTAAJNGRHOro Haliawoaarens ob6aacts,
aexaman BEYTpE cepnl PagUycoM rg, HegoCTyUHA ANA Habamopeuwi,
[OCKOABKY CHTOAJEL O COOHITHAX, IPOMCXOAAILEX T8M, YACPIKHBATCA
CHABHLIM TPaBETANUOHHEIM OONEM E HO MOryT BHATE Hapymy. drta
ofracTs moiyumJga Ha3Bam@e <«yepHas AbIpa»., Bonee mogpobEo cM.
[IL6* IILA8**, 20%*, 22%* 24**] a rawme [404* 405*].— Hpu-
Mey, ped,
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7 (419) B cany toro, uro dz = 4nr’dr, upunumaer smf:
65‘(;1—2——-1)r/_\'dr=0. (420)

IIpm Bapsmposammm h mmeem A’ =0, A = const. Bapsupo-
BagEe A gaer

d%(%..i);-:O, (}:—2-—-1)r=const,

OTKYAa, Bcleacrsme onpegenesus A mo (413), csosa moxy-
gaerca ooxe (416), (417).

Heagpar saementa nwumm nprumMmaer coridacmo (413)
BHJ

ds® = (da")? + (dz?)? + (da)* +

2m 19,1 27,2 37,3 __2m 42
+r2(r o) (zldz! 4 22d2? + 23dx?)? (1 r)(d;r).
(421a)

Ilepeas wacTs 3TOrO BHIpa’Keuns, OTHOCAMANACA K Tpex-
MepHOMY NDOCTPAHCTBY, MokeT Obitb mo Omammy [302]
HarjlAfHO HCTONKOBaHA ciaegyiomum cmocoboM. Ha Kammoit
[JAOCKOCTH, Hpoxopsmed uepea menrp (mampumep, z°=0),
reoMeTpHWs TaKasd ’Ke, KAK B €BKJNUJOBOM HPOCTPAHCTBE HA
NOBEPXHOCTH 4eTBepTOro mopsjaxa, z=V8m(r ~2m), moay-
gajfomelics BpamenzeM mapaGoasl

22 =8m(z' — 2m), z?=0
BOKpYT och z. [leilcTBaTe1bH0, HA 3TOH NNOCKOCTA
ds? = (dz')? + (d22)? + ——2— (2'da? + 2%d2?) =
r®(r — 2m)
= (dz?)? + (d=?)? + dz2,

B rtoure r = 2m KoopAMEATHAA CcHCTEMAa uUMeeT OCOOEHHOCTH.
Bropas wsopmaabran d¢opma (410b) nonywaerca, oo
(411), ¢ pomomyio npeoGpasoBaHus

r=(1+§)2r’, et =gt (i=1,2,9). (422)
Torpa \
dst = (1 + g‘-) [(dz')? + (d2%)? + (d*)?] —
- ;;—%g(dﬁ)*, (421b)

Dra moopammarEas cmcreMa pacupocTpaHeHa A0 I = m/2.
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Y. Ilsuxenne nepureans Meprypua m mc-
KpuBnenne cBeToBbX Jdyueil. Temepp MBI Hepexo-
AMM K BEUHCJACHHIO TPAGKTOPUA MaTepHANbHBIX TOYEK W
CBETOBBIX Jyuedl B rpasuraimuoHaoM noixe (421). drm Tpa-
eKTOpHH ABJIAKTCA IEOfe3NYeCKUMH JMHUAME YeThIpexMep-
HOTO MHpa, ONpejeiseMbIMHA BAPHANMOHHBIM IPHBIUIOM

8 ds=o, (81)
pan goddepennuansariMu ypasEermamun (80). Us mocuen-
HUX IIOCJIe IPOCTOrO pacdera CIefyeT, 4To

dle dzxz d2 3

—_ . . 3
W.;C—z-.-(_lt— .731 132 Z% (423)

Jlns MaTepmaiabHON TOYKH T 03HAJaeT cOOCTBEHHOE BpeMd,
IJIA CBETOBOTO JydYa — IPOM3BOJIBHEI mapaMmerp, YAOBIET-
Bopsatomuii puddepennuansuomy ypasmenuio (105). Orcio-
7a [peskie BCET0 MOKHO BAKIIOUHTh, UTO TPAEKTODUS Mare-
pHANBHOR TOYKH U CBETOBOTO JNyua MABJIAETCA NAOCKOU U,
Jajee, 4TO €cAd OCh Z° MEPIeHAUKYAApPHA K BTOH MJIOCKO-
CTH M BBeJIeHbI IOJISIPHBIE KOOPAUBATHI

z'=rcos@; z?=rsing, (424)

TO CyLIecTBYeT 3aK0H mjoujafgeil

r’de/dt = const = B. (425)

C pmpyroit cropomsl, w3z (81) myrem BapbmpoBaEms Bpe-
MeHY , TaK e, Kak B § D3, vy, moayuaem

gaudz*/dt = const.
Boasofia aTm BRIpaskeHms B KBajpaT m uckaiodas dzt/dt
¢ MOMOIIBIO COOTHOIIGHMSA gik% Eiii: = — ¢? 1A MaTepuaIb-

. zt dzt
HOHU TOYKHM M COOTHOLUEHHUSA g1h dt d'l? OIUIH CBETOBOrO Jy-

9a, HaXOAAM JJA 3THX Ccaydaes COOTBETCTBEHHO
dr \? d 2mc do\? .,
(—d?) -|—r2(-d—(§) —2m r( (P) = coust = 2E;
(426a)
@) 1 e 22Y _ gy (22)? 2 comst 426b
7z T\ 5 ) —2mr\g | = const, ( )
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(426a) ecrs saxom coxpamenus sHeprum. O6a
OTIMYAIOTCA OT HBIOTOHOBBIX TOJBKO HAIWINEM
wiena. Ecan BBectm eme ¢ momombio (423) B
1e3aBUCHMOl XepeMeHHOH ¢ BMeCTo T, TO

ar\z | 1 2me?  2mB?
#) _}_?]_Lr_ ”:3 = 2E; (427a)
L2 const = -1 (427b)

rz r3 A2

JAGKTOPHH DTHMU YPABHOHHAMHI OIPeRelATCA
Ilocneguuit umen ¢opmynnr (427a) BEIBHIBaeT
epureNivg ILIAHEeTHLIX opOuT B HampasieHAd 006-
laHeT, paBHOe 3a OfuH nepmof ofpameHns

mla(1— e?) (428a)

ag TMOJYyoCh, € — DKCIEHTPHUCHTET). ¥ IUTHIBAA
T 3akoH Henmepa

= kM = mc?

n obpamenus), BepaKkeHune (428a) MomHO
KiKe B Buje
24n°a’

n2 (1— 62) *
raercs eme obcymurs ypasmenue (427b) mas
yaa. Ecam 01 mociemnero wieHa B JIEBOH 4acTH
' CBeTOBOI JayT 0w OB NpAMOHl AWHMEH, MpoXo-
paccrosaHmy A or memrpa. Bosmymaomuit 4ren
‘CKPUBJIEHNE CBETOBOrO JIyua, BOTHYTOR K I{eHT-
' CBOUM caefcTBHEM o0l[ee OTKJIOHEHHEe Ha yrod

A, (429)

)b 03HAUAET PACCTOSIHIE OT HEHTPA [0 ACHMITOT
a0 ayda. IIpuMeHeHHBbIil 3[ech METON BHIYHCIE-
genua ayua npemiosken Maammom [302]. Pac-
vdima [262], ocHoBaHHBIN Ha NpPUMEHEHUN IIPUH-
JHCa, OPUBOJUT K TOMY sKe Pe3yibTary, Kak 8To
bITH COTJIACHO § D3, Y.

fileHELIe 3HeCh CHENCTBUA TEOPHHA TATOTEHHUA
IOIIycKalT NIpPOBepKY Ha ombite. dTo Kacaercs
1epuresins, orpenensieMoro gopmymroin (428), To
JYIHO BeaMKOo Juils y MepKypus, BciepcTBue

(428b)
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6musoctr ero K Coxmiy u GOJBIIOr0 3KCIEHTPICHTETA €ro
op6ursl, Teopernueckoe suauenue g MepKypus TakoBO:

An=14289", eAn =8,82” B cromerue

(em. Tabuauny B [303]).

Co mpemenm Jlesepre [304] acrpomomam H3BeCTHO, UTO
B IBH;KeHMH lepuresuss MepKypHss HMeeTCs OCTATOK, He
00bACHACMBIH BO3MYUIEHHAME CO CTOPOHBI OCTATbHBIX ILia-
ger. CoraacHo HoBbIM lepepacuetam Heiokoma [305] oror
0CTATOK paneH

Am=41,24" =£2,09", eAn=848" =0,43".

Tarkum ofpaszoM, TeopeTudecKoe 3HAUEHHE B Mpefeaax To-
rpemHocTH coBmagaer co suavenmem Heiokoma. Bompoc o
TOM, HACKOJBKO HajleskHo caMo 3HadeHuwe JHwoxoma (mum
OHO HETOYHO, KAk YTBEPIKAA0T HEKOTOPble ACTPOHOMBIL, M3-
3a OLIMGOK, JOTIYHIEHHLIX UM IIPH BBIYHCIEHUN), o0Cysja-
erca B cratbe . Horrnepa (Kottler F. / Enz. Math.
Wiss., VIp, 22). Tam ke cM. 0 HEpeJATHBHCTCKUX NPHYH-
HAX JIBMsKeHHs nepureana MepKypls, K 9HCIY KOTOPBIX OT-
HOCATCS, HAampuMmep, ciuriomeHHocTs CoJHIA, BpallleHne HM-
IMUPHIeCKON CHCTeMbl OTHOCHTCJALHO MHepIWadbHoil, meilia-
HeTHBIE BO3MYLAIOIUE Macchl, 0COOGHHO o0pasyiolHe 30-
muakanpHb  cser  (3eemumrep [306]). Ditnimreiimosckoe
00'bSICHEeHNEe BBINOHO OTJHYAETCss 0T 00LACHEHNs Seelnurepa
BO BCAKOM CJIydyae TeM, UTO He HYMIAercs HH B KaKHX He-
onipefenennrx napamerpax. Cosuajenie spavennid  Iiin-
mrreiina u Hplokoma osHavaer OonbImoil yelieX, paske wHe-
CMOTpA HA TO, 4TO B HAcroAllee BpeMA TPY/HO Cy/Th 0
TouHOCTH udcaoBoro sHauenns Hrpioxoma *).

Hepasmo eme pas obcympanach crapas nonbitka Lepbe-
pa [307] oObacmurs pwmskedme Iepureans Meprypna Ko-
HEYHOCTBIO CKODOCTU PACIPOCTPAHEeHHs IPAaBHTAI(H. ITa
TMONBITKA ¢ TEOPETHYECKOH CTOPOHBI COBEPLICHHO HE Y/a-
Jach, HECMOTPs HA TO, YTO LPUBEJIA HA OCHOBE HEBCPHDIN
yTBep:KeHni K mpasmibHoil popmyne (428), xorsa jake U
B 9TOM cJydae B IIOCJCHHel HMeJcs HOBBIL YHCIOROH MIl0-
FCUTEJID.

Hepapao o0mad Teopisi OTHOCHTCABHOCTH  IIOJYWIINA,
B Pe3yJbTaTe M3MCPEHISt OTKIOHEHWS CBETOBBIX JyUeid, e
fosiee BaskHOoe IOJATBEDIKHEHIE, YeM B cjlydae [{BUIKENI
nepureausi Meprypus. Corsacno (429) cBeToBoil Jayd, mpo-

*) CMm. npumed. pef. Ha c. 218,



§ 59. CTPOIrAE PEIIEHUA B CTATHYECKOM TIOJIE 227

xopamuit y kpasg ColHLa, HCHBITHIBACT OTKJIOHEHIE, PABHOE
e =1,75".

Aror 2PPeKrT MoKeT OBITL HPOBEPeH IWyTeM HAOI0JIeHNT
" gemofBIKHBIX 3Be3n BOausznm Coauna Bo BpeMs IOJTHOIO
COJMHEYHOTO 3aTMeHHA. JRcuepunuu 8 Bpasunuio m ma ocr-
pos IlpumHcume Bo Bpems coxHeunoro sarMenms 29 Mas
1919 r. mCHCTBUTENBHO YCTAHOBUAM HAJIMUHE IlipecKasaH-
goro Jimmreiinom sdpPerra [308]. Homuuecrsemnoe cos-
pajeHne Takke Xopoiuee. IlepBas M3 Ha3BAHHBIX HKCIIEJI-
ouii HAILIA cpejiHee, IpHBefgeHHop K kKpalo ColHUA OTKJIIO-
germe Jydueil, papgoe 1,98” +0,12”, propas sxcieguua
1,617 +=0,30”. O merogax TpHBENEHIs, ¢ MOMOMIBI KOTO-
pHIX HaiigeHBl 3Tm uUmcra, cM. B cratke Horraepa
(VIg, 22)%).

Brruncnenrnoe mepBoHAYa bHO JUHMITEHHOM TOJOBUHHOE
saauenne ang & (em. § 50), moayuaemoe TakKe Ha OCHOBE
HBIOTOHOBOW 'TEOPUH [JIA MarepHadbHOW TOYKH, ABUMRYIeIl-
¢ CO CKOPOCTHIO CBETA, OKasbpIBaeTCs, TaKuM o0pasoM, He-
COBMECTUMBIM ¢ dKcirepuMenToM (cM. npumed. 16).

§ 59. JIpyrue cneymaabubie CTPOriHe peINeHMA
B CTATHYECKOM IIOIE

TTone (421) maTepuaiabHOl TOYKHM uMeeT 0cO0EHHOCTH
npu r==2m Wiu r=m/2; modTOMY IPeICTABIAETCA HHTE-
PECHBIM ¢ TEOPeTHUYECKOIl CcTOPOHBI wucciaefoBatb G-ioje
BHYTPH Macchl. J{Jg 3TOro HEeoOXOEHMO CHelNaTh OlpeIeleH-
HBIE HPeNNOJOMeHNa o (PU3MYECKAX cBOHCTBAX CO3A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>