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llpegmncnosne

ConepxaHue npej/yiaraeMoii YHTaTeNk KHUIHM NpescTasisier coboi
roA0BOM LMK JIEKIIMA T10 Kypey «KilaccHueckasn TeopHs FpaBHTAldH»,
KOTOpHIE B TeYEHHE MHOIMX JIET IHTAIOTCHA CTyNeHTaM 4-To Kypca du-
3MMecKorQ ¢akyasTeTa MOCKOBCKOIO roCyIapCTBEHHOIO YHUBEPCUTETA
uMedH M. B. Jlomonocosa, a Taioke B MHCTUTYTE TPaBMTAILIHM H KOC-
MOJOIHH hpn PoccHiickOM YHEBepcHTeTe ApYXOb HaponoB. KHara co-
CTOHT H3 OBYX YaCTei, COOTBeTCTBYIOWHX YYCOHOMY MiaHy M¢pBOTO
H BTOPOTO CEMECTPOB.

IlepBasg vacTh BKIIOYaeT 3 ITIAaBBI, KAXIDad M3 KOTOPBIX COCTOMT
U3 HECKONLKMX pasienoB (aekumit). Obliee YHCIO JICKUMA, BKIIOYAs
BeegeHue, npeqHasHaueHHLIX 1A NepBOro cemecrpa, — 15.

B nepmoit mnaBe mepBoil YacTH KHHMTH WIN4ralprcs OCHOBBI pH-
MaHOBOW reoMETPMHM M NPUHUMIL obmieii TEOPHM OTHOCHTENBHOCTH.
3neck PHBOAATCS HEOOXOTHMEIC CBEIeHHA O TEH3OPHOM HCYWCACHHH
H BROOATCA KTIOYEBBIE MOHATHA AU(DGhCPEHLMANBHON TEOMETPHH: MET-
pHKa, NapaiiensHbIM IEpEHOC, KoBapHaHTHOE dupepeHIMpOBaHHE,
YpaBHEHHA reoje3vdecKux JUHHUH, TeH30P KPHBHM3AHbBI — M, HAKOHEL,
3aMKMCHIBAIOTCA YPABHEHNN DHHINTeHiHa K ypaBHenwa Maxcsemnia 8 ue-
KPHMEBNEHHOM JIDOCTPAHCTBE-BPEMEHI.

Bo sropoit rrage neppoit yacTu paccMaTpHBaloTCA Hanbonee BaX-
HBIE TOYHBIC PEUIEHMST YpaBHeHUH JifHIDTEHHA: chepHiuecKn CHMMET-
pruHoe pemeHHe IBapunnomeaa, Ha OCHOBE KOTOPOTO OMMHCHLIBAIOTCH
rnaBHBIe 3¢deKThl 00WIeH TEOPHH OTHOCHMTENBHOCTH, a TaKXKe aKCH-
ansHo cUMMeTpuvHad MerTpuka Keppa, cosfmaBaeMas BPALAKMMMICS
MacCHBHBIMM O0OBEKTaMH. 30eCh K& TIpUBEAeHE (hW3HYecKH Hanbomnee
HHTEpeCHEIE 0000UIEKNS 3THX METPHK.

TpeTha TaBA SABNSETCH CBOEro pond BBEICHHMEM B COBPEMEHHBIS
TIPEOCTARAEHUA O MUPE B LISICM, OCHOBBIBAIOIIUECH HA TOYHBIX OBHO-
pOAHBIX H30TPOMHBIX KOCMOMOTHYECKHX pemieHuax Ppunmana. Hauwa
TaKxe HHPOpPMALUA O HEKOTOPEIX JPYTMX KOCMOJIOTHYECKHX MOMENAX,
B TOM HYHCJE H O TIEPBOM KOCMONIOTHYECKOM DEHIEHHM DifHIITeHHA.



flpegucnosne "]

B nepBofi 4yacTH KHWIH YYTeH MaTepHan AcK1iuil no obiueit Teopuu
orHocuTeasHoct (OTO), Kotopnie B 1950-¢ romm umTan Ha ¢usu-
yeckoM dakynstere MTY npodeccop M. @. lllupokos, B ¢Boe BpeMs
cyiraBimit camoro A. A, @punmana. Pasymeereq, ux conepxaHue cy-
IIECTREHHO fTepepaloTaHO M JOTOMHEHO ¢ YYETOM MOCNCOHHX pador
110 JaHHOW NpoGreMaTHKe.

OnHoit U3 BeayIIHX WAEH [TepBOit YacTH ObNa 4-MepHas CHMMETPHA
NPOCTPaHCTBA- BPEMEHH. A BTOpasi 44CTh, IPEOHAIHAYEHHAS [Uis BTOPOTO
CEMeCTpa, MCXOUT M3 MPOTHBONONOXHOA uzen, — (1 + 3)-paciene-
HYA eIMHOI0 NPOCTPAHCTBEHHO-BPEMEHHOro MHOrco0pa3usa Ha Gu3u-
Yeckd HalMI0NaeMOe BPEMA M 3-MEPHOE IIDOCTPAHCTBEHHOE CEYEHME
Habmonarens, YTo JOCTHTAETCS TMOCPEACTEOM MOHANHOTO METOA 3ala-
HHA CHCTEM OTCYETa.

HauansHan (4eTsepran) riasa 310 YacTH IOCBAIIEHA HATIOXKEHMIO
MOHAZHOTO METOJA 334aHUd CHCTEMB! OTCYETA KAK B 0DIICKOBADHAHT-
HOM BHIE, He 3aBHCSINEM OT BHIOOPA KOOPAWHATHOM CHCTEMEI, TaK
# B ABYX CICITHATHHBIX IPYNIIOBBHIX KATHOPOBKaX, riae MOHATHSA CHUCTe-
MBl OTCYETA M KOOPTHHATHBIX CHCTEM CBA3aHH! CIICIHANBHBIMH YCAO-
BMAMH. DTH OBe KanHOPOBKH MOHANHOTC METONA COCTABRJIAIOT TEOpPHH
XPOHOMETDHYECKUX H KHHEMETPHYECKHX HHBAPMAHTOB. TONLKO NIPH 10-
GaBIeHHH METONOB 34NaHHA CUCTEM OTCHETa K MATEPHMATY NEPRoi yacTH
KHMIA 0011Asl TEOPHA OTHOCHTENBHOCTH B NQAHGE Mepe MOXET COOT-
BETCTBOBATH CBOEMY HA3BAHHIO.

B cnenytomieii (naToif) rase paccMoTpeHsl HanfoJee BaXHbBIE IPKH-
ToXeHUsE MOHAAHOTG METoNA B 001Ie# TEOPHM OTHOCHTENIBHOCTH. DTo,
Tpexne BCEro, npobaeMa 3aKOHOB COXPAHEHHMS B UCKPHBIEHHOM IpO-
CTPAHCTBE-BPEMEHH, 3AeCh ODCYXKIEHB! CYTh H HEAOCTATKM Kax ICeB-
DOTEH3OPHOIO, TAK M MOHATHOTO TOMXONOB K e€ pemeHmio. Hanmee
MOHAIUBOY H AMATHBIE METOIR TPUMEHAIOTCA NPM aHamn3e mpobne-
MBI OMHCAHHS TPABMTALIMOHHBIX W IpaBH-MHEpIHAIBHBIX BoaH B OTO.
B nocneaHeM paanese nipuBomaTca GOpMYIHpPOBKH obLICH TeopuH or-
HOCHTE/IEHOCTH H2 OCHOBE MOHAIHOTO METONA, PA3BUTHIE C LIEJBIO €€
NOITOTOBKH K KBAHTOBAHHIO.

HakoHell, B 3axmioquTe/IbHON (iitecToil) rase KHHIH MOHaAHEIH
METOR HCTIONBIVETCA ISt KOPPEKTHOTC M3NOXEHHA H QHINIECKOR HH-
TEpIPETALHH 5-MEPHOW TEOMETPHICCKOH MOJACAH OGBEIHHEHHA IPaBH~
TaluMK ¥ MeXTpoMarHeTHsMa (Teopun Kanyuw). H3secTHo, YTo BIiep-



10 Npepvicnosue

Bbi€é 371¢MEHTbI MOHAZHOTO METOla, Win Metosa (1 + 4)-paciuenienns,
ObUIH BBEJEHBI MMEHHO B paMKaX 3-MEpHOH TEOpHM ANl BbLASIAEHMS
U3 5-MEPHLIX TEOMETPHYECKUX TTOHATHH 3NEKTPOMATHHUTHEIX BeTUHUH,
3areM, mocne yrouHeHus B pamkax Metoaa (1 + 3)-pacuienieHus, oH
BB BHOBb NIPHMEHEH [J14 CTPoroi dhopMY/IMPOBKH S-MEpHOH TEOpHU
Kanyou,

Bropas yacTb TAKXKE COCTOMT M3 TPEX [VIAB, B COBOKYITHOCTH Ha-
CYMTHIBAIOWIMX 15 pasnenos (nexuuit). Ipeacrasnennsiit aneck MaTepu-
an GasupyeTcs NPEeMMYLIECTBEHHO HA OTCYECTBEHHEBIX HCCIEAOBAHHMAX
B 5TOH obnacTH. PeayabTarhl, MONMYUCHHBIE 3apPYOEKHEIMU ABTODAMH,
NMepepaboTaHBl B TEPMHHOTOTHM MOHATHOTO MeTOIa.

MarepHan JaHHOTD Kypca JieKUHi JIOMYCKAeT HeKOTOPEIE BUIOH3-
MEHEHHWA, [OMOTHEHHS M NepecTaqoBKH. HanpuMep, MOXHO NTOMEMATEH
B HHblE DAINETEl HITOXEHME KOHGMOPMHEIX nipeobpasosannil, audde-
penuupoBaiue JIu wne wiaccHdukanno FleTpoBa nmpocTpaHCTB DitH-
mTteiiHa, [IpegnomaraeTcs TOCTOAHHOE ODHOBIECHUE MaTepHala C yde-
TOM HOBBIX 3KCriepHMeHTanbHbIX JaHHbIX B OTO, ocoGeHHo B obnacTtv
PENATHBHCTCKOM acTpOodH3HKH.

B npuioxeHHH MPUBEOCHE OWMETHI ANA IKIAMEHOB WIH 3aYETOB
TI0 MTAaHHOMY KYPCY JEKLIHIA, a Taloke TTIPHUMEPHHE TEMB KYPCOBBIX pabor.

CremyeT OTMETUTh, YTC MPEACTABNEHHEIN B XHWIC NEKIMOHHBIN
MATEPHAT HalleJleH Ha HATOXEHME JMIb KMOYERbIX MIeH, MPWHIIHIIOB
U CNEICTBUM KNACCUYECKOH TEOPHHM rpaBMTalMK {0B1ueit TEOPUU OTHO-
cuTenbHOCTH). Bonee noapobHoe paccMOTpeHUe COBPEMEHHOM Teopuu
rPaBUTaLMKM COLEPXKMTCH B Halel kuure «[eoMetpodusnxkar [5].

ABTOD BBIPaX4€T IIPU3HATENLHOCTE YUEHHKAM, KOLICTaM M cayma-
TeAAM JeKUHii 33 BHHMaHHUE K JaHHOIH npobieMaTHke, a TAKXE 3a BO-
IpOCH ¥ 3aMEY4HMA, KOTOPhie NOMOIMIA B pa3paboTke AaHHOIO Kypca
JIeKUMH,
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§ 1. UCTOKM HeeBKxnMp0BON TeoMeTpUn

Haeonornyeckue NpelnocbliIKY [€OMETPHYSCKOIO MHPONOHHMA-
Hug bt 3atokeHbl B Tpyzax P Hekapra (1596-1650) n H. Kanra
(1724~1804), a pusnueckue (IKCIIEPUMEHTANBHBIE) — CIOXKMIUCD TO-
cne onsitos I Tamunes (1564—1642) ¢ Tenamu, nazawowumy ¢ [Tn3aH-
ckoi GaiHn. OaHako papaboTke COOTBETCTBYIOLIEH TEOPHMH MpEnAT-
CTBOBAJIM YKOPEHUBUIHECH MpeAcTaBileHHs. Tak, MPOCTPAHCTBO CYH-
TAIOCh OTHOPOXHBIM (OIHHAKOBBIM BO BCEX TOYKAX) ¥ H3OTPOMHEIM
(onMHAKOBBIM TIC BCeM HANPaBNEHUAM), a BPeMH — OIHOPOIHEIM.
OueBUIHOCTR YCTOSIBIIHXCA TIpeACTABICHUI 0 MUpe NpPaKTHYECKH MC-
KITIOYAJIa caMy BO3MOXHOCTE €ro OOCYXIeHHA. A Kak Xe Morno 6uTh
wHaye! OcTaBaniock TONLKO MPHHHUMATL MPOCTPAHCTBO W BpeMs ATpH-
OpHO 3aMAHHBIMKM MMEHHO ¢ TAKMMM CBOMCTBAMM, YTO M MPOABWIOCH
B unocodun Karra. ToHanoGuauch Bexa (ecin He THICAYENETHS) WIS
NpU3HAHUA BOIMOXHOCTH Bofee OOIINX MPOCTPAHCTREHHO-BPEMEHHBIX
MHOT0O0pa3nit, MO3BONAIILMX BKIIOYUTE B €04 KaTErOpHIo roneit ne-
PEHOCYHMKOB B3aMMOOSHACTBHH.

HcToxy vaen 06 HCKPHBIEHHOCTH MPOCTpaHCTBa (TOuHee, Mpo-
CTPAHCTBa-BPEMeHH) (haKTHUYECK#H BOCXCHAT K NATOMY NOCTynary Eb-
KAMaa, Ka3anoch OB, He HMEIOLIEMY HHKAKOFQ OTHOUEHMA X (QH3HKE
H, TeM DOjee, X OIIMCAHKIO Nonel MepeHOCYUKOB PU3NYeCKMX B3aH-
moneicTemit, NprHUHNMATEHO BAXKHEIM MOMEHTOM 34€Ch CTAll AHAIH3
JIOTUYECKHMX OCHOB eBKINIOBOH r€OMETPUH, KOTOPAs TPAKTOBaNach KaK
€QYHCTBEHHO BO3MOXKHAS, aNpUOpHO 3adaHHas. Muorme MarteMaTuii
Ha TIPOTTXeHUH 00Nee YeM JByX ThICAYENeTHI! COMHEBATHCL B HeobX0-
IUMOCTH 3ITOTO TIOCTYIATa, MEITATHCH €70 LOKA3aTh Ha OCHOBE OCTAMh-
HBIX akcHOM. CylnecTeyer MHeHHe, 410 M caM Erxmua (111 B, 0 H.3.)
HCMBITRIBAN KonebaHus, OTHECH €r0 B paspdan nocryiatos. MHaye, yeMm
OGBACHUTD, ITO MaTepHan B «Hayanax» cocTOMT Kax Gbl M3 ABYX 4dacTeit:
TeopeM, KOTOPHIE JAOKAIBIBAIOTCS §e3 HCIONBIOBAHWA MATOTO MOCTyna-
1a {aGCOMOTHas TEOMETPHST), M PALA TEOPEM, ONKPAIOIUAXCS HA TISTHIN
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nocTynat (coGCTBEHHO eskimMaoBa reometpus)? Buanmo, cam Esxiun
IIOLIEN HA 3TOT Miar, MOTEpICB HeyJady B MOMBITKAX NOKa3aTeNbCTBA
TISITOTO TICCTYNATA.

Tak MAM HMHAYE, HO B TEYEHHE IBYX THICAYCNETHH ObLno Iipen-
NMPUHATO MHOXECTBO TIONBITOK AOKA3aTh MaATsiA moctyaar. M3 uctopun
MaTeMaTHKHM M3BECTHO, YTO pa3/uytbie BAPUAHTHI JOKA3ATEIbCTB Npen-
naramy: TMocuaonnit (I B. mo w.3.), Mroneme# (I B. H.3.), Tpokn
(410-485), Hacupapmun (1201-1274), Bawmic (1616-1703), Cakxepn
(1667—-1733), JamGepr (1728-1777), Jexanap (1752-1833), Papkai
Bosu (1775-1856) u muorue apyrue. [1py BHMMATEILHOM paccMOTpe-
HHUH MPeiiOKeHHBIX JOKA3ATEIBCTE REIACHAIOCH, YTO AMGO B HUX A0-
MYCKAIHCH JTOTHYECKHE OUIMOKM, AuBO M0 X041y Aea NPEANOAaraioch
KaK OYEBHIHOE HEYTO TAaKOoe, YTO GBUIO PAaBHOCIIBHO YTBEPXACHWIO
nqtoro nocrynara. Hanpumep, ero GopMylTHpoBKe 3KBUBANCHTHBI Cie-
Oyowme yreepxaeHus. (cM. puc. 1):

N

P

a i

4 7 N\ &

Punc. 1, Esxnmmaosa reoMetpmns

«Yepes Touky €, nexawyro BHe aannoil npsamoi AB, npoxomut
TOABLKO OIHA TIADATIIENBHAS €7 NpAMasi», T. €. TIpAMad, JeXalllasa B OTHOH
TUTOCKOCTH ¢ JaHHOW MPAMOH M HE MepeceKaolas ee.

«CyMMa yriop Mo6oro IWI0CKoro TpeyroAbHUKA paBHa ABYM Mps-
MuIM yraaM, wiy 180°» ¥ T. 0. Moxuo npusecTd GoMbIIOE YHCAO F10-
IOBHBIX PARBHOCHJILHLIX YTBEPXKICHHH,

PeniecHEEe TipoGIieMBbl, CTOABLICH Neped YenoBeYecTBOM Oonee aByx
THICAMENETUI, — BBIXOH 33 «T€PKYJIECOBH CTOAMbI», — YAAIOCH HAHTH
JiMuie B riepeoit Tpern XIX Bexa. DToT BAXHBIA War B PA3BUTHH HAYKM
cBsazan ¢ umenamu Hukonas HBanosnua JloGauesckoro (1792-1856),
Kapna Tayeca (1777-1855) u fnowa Bosin (1802—1860).
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ITpy HeKoTOPOM PaIHYHH HCTIONL30OBAHHBIX METOIMK, TYOUHE M
00neMa pa3paboTky MpoGAEME CYTh CREJAHHOIC OTKPHITUA ObUIa OnHA,
DA XOH paccyxaeHuii 0bpu1 Onim3kuM, CTaBuics BONpOC: 4To SyAeT, ecan
QTK23aThCH OT NATOTO MOCTYAATA, T. €, NPEANON0XMTE IPOTHEBHOES: MYCTh
yepe3 omHy Touky ', JeXaniyio BHe AaHHOH TipsMoit AB, mpoxoomt
He 0IHa, 4 aBe (a CIeNOBATEIEHO, H 6ECKOHEYHO MHOTO) MapaUTeIBHBIX
eit pameix? Jansine 3a0ata COCTOAAA B AOCTPOSHHH TEOMETPUN C HO-
BOIt arcHoMoM, Pacuer 6w pocT. Ecv TIATHIH MOCTYAAT TIpEaCTaBIAN
co00il TeopeMy, TO B TEOMETPHM ¢ W3MEHEHHBLIM VTREPXKACHHEM DaHO
HAM HO3IHO JODKHG BCTPETHTECH NPOTHBOPEYHE, YTO H DYIET 03HA4ATD
JOXHOCTD CEIaHHOTO AOIYIIEHHH. DTO M CTano OBl JOKa3aTe LCTBOM
NATOrO NOCTY/ATA.

OnHaKO, pa3BHBas TAKYIO FeOMETPHIO, ABTOPH HE TOIBKO He 00Ha-
PYXITH XKaknuX-Tu00 MpOTHBOPEYHii, HO, HA0OGODOT, AOBOABHO ORICTPO
ybenunice, 4TO Tiepel HHMH Pa3BOpadyMBAETCA HOBAs CTpoiHasi reo-
METPHSA ¢ PALOM WHTEPECHBIX CBOCOOpPAa3HBIX CBOKCcTB. Oxa3anocs, 4To
B HOBOI NEOMETPHM CYMMAa YIZIOB TPEYTOJIBHWKOB MeHbie 180° u 3ta
BEJIMYMHA 3aBHCHT OT JIMHEHHBIX DAa3MEpPOB TpeyronbHWKa. KpoMe To-
T0, B TEOPHUM BO3ZHHMKACT HEKHit TMAapaMeTp ¢ Pa3MEpHOCTRIO JUTHHEI,
a reOMETPUYECKHE CBOMCTBA CUCTEM 3aBHCIT OT OTHOWIGHWS K HEMY
MX DA3MEPOB, YTO NMPHBOAMT, B YaCTHOCTH, K OTCYTCTRHIO MOTOOHBIX
¢uryp. B Mannix 06/4acTAX HOBAA reOMETPHA NMPAKTHUECKH COBIMAJAET
¢ reoMerpueit EBxinaa, Ho B GoblaMx — OHM oTnMuaworcd. Jlobaues-
CKMil HA3BAJI CBOIO TEOMETPHIO «BOODPAKAEMOiT» (WK «[TaHTEOMETPHCH» }
(eM. [11, ¢. 11-17]), a llpeiikapT — «3BE3AHOM», UK «ACTPAJIBHO»,
Ho agmo He B Ha3BaHWH, a B ¢ OTIMUYMH OT reoMeTpHH EBXnuaa.

HecMmoTps Ha ysepeHHOCThL B cBOeH mpasote, layccy, JloGawes-
ckomy, SAroury bBoAM W ApYrHM He ymanoch HafTH OKOHYATETIBHOrO
JOKa3aTENECTRA JIOTHYECKOH HeTPOTHBOPEYMBOCTH [OCTPOCHRON reo-
Merpui. OnHO NEnog — OTCYTCTBHE TIPOTHBOPEYMH B IEOMETPHYCCKUX
MOCTPOCHUSIX, JaXe NMPOIBHMHYTHIX I0CTATOYHO AaNeKQ, M MX JIOTHYE-
CKasg CTPOHHOCTR, M COBEPIICHHO APYroe — MOKA3ATENLCTBO UX HeE-
NpOTUBOPEMHBOCTH B HOBOH Teopuu BooOuie. OxonyarteabHoe MOX-
TeepkiacHHe reoMerpust JloBauesckoro nonyyrna auwe B 70-x rogax
XIX mexa B paloTax HMTANBHHCKOIC TeOMETpa JymKeHnmo Denprpamu
(1835~1900) u Hemewukoro matemarrka Demukca Kneitna (1849-1925).
OcHOBHas WAEA NPETOKEHHOTO I0KA3aTeNbCTBA COCTOUT B TOM, HYTOOH!

’



14 Beesnenue

Pwe. 2. MunepfBonuqeckan reometpus NobGaveeckoro

CBECTH HEEBKJIMIIORY TCOMETPHIO, BIIEPBHIE NOCTPOSHHYK) KaK MAaHM-
METpHA, K TEOMETPUH Ha TPEXMEPHOH TUTICPTIOBEPXHOCTH TIOCTONHHOMN
OTPHUATENLHO! KPMBM3HLI (Ha TPeXMepHOM runepBoNOnne) B 4eThl-
pexMepHoil reoMeTpui Epknvaa. Ilpy 310M HYXKHO TONBKO 3aMEHUTh
NOHATHA NPAMBIX {KpaTuailinX JAnHmMii B Mupe EBkiuna) va reomesu-
uecKme JMHRK (IKCTPEMaAbHBIE KPUBblE) Ha runepnoBepxHocTH. Toraa
BCE VTBEPXKIEHWA OTHOCHTENBHO MpSMBIX B reoMmeTpiu JloGauesckoro
nepeiayT B COOTBETCTBYIOUIHE YTEBEPXKIEHWA O CBOWCTBAX TAKUX MTHHWH
Ha TuTiepbonmoune.

TockonbKy HEBOIMOXHO HAMIAAHO NpeacTasurs cebe runepbonn-
YeCKH UCKPHB/AEHHDIH TPEXMEPHBIH MHD, 3TO MOXKHO NMPOUINIOCTPHUPO-
BATh ¢ MOMOLIBIO JIMHWAH — TIHMEpOoa HA ABYXMEPHOM THnepGonounae.
Tak, Ha pHc. 2 noscHeno obobluedue nAtToro nocrynata Eskanaa. Ye-
pea Touky €, He JexXallyi Ha BuGpaHHON runepbone AB, npoxoasat
nee runepbosisl, KOTOpLie He Tiepecekatotes ¢ AB. ChaeloparenbHo, Bee
ApyTuUe runepbonbl, obozHauyeHHbIE YHKTHPHBIMH JTHHUSIMH, He Oyayr
mepecekaTs AB. Ha puc. 2 v300paxeH TpeyroneHWK, 00pa30BaAHHBIH
nepecedyeHueM Tpex rumepbon. Jlerko TOHATH, YTO CyMMa €70 YIJIOR
a+pf+7y<180°.

B cuny ykazaHHBIX IPHYUH NEPBYIO HEEBKITHIOBY reoMeTpuio (reo-
meTpHio JloGayeBckoro) B AMTEPATYPE YACTO HA3BIBAIOT runepGoanye-
ckoil. Conepxanuiica B reoMerpHd Jlo0aueBckoro mapaMerp pasmep-
HOCTY IVIMHBl HMeeT MeOMETPHYECKMH CMBIC/I KPMBM3HB TPEXMEPHOIO
runepBonouna. Tenepb Jerko NOHATL 3aBUCUMOCTE CBOICTB TeOMeTpU-~
yeckux Guryp or ux pasmepa.
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§ 2. Wpen, npegwecTesosasiume CO3NANNIO
obweil Teopun OTHOCHUTENBHOCTU

[Tepeyncinm OCHOBHBIE UIEH, TIPUBEALITNE K CO3MIAHMIO 0B1IEH Teo-
pHM OTHOCMTENLHOCTH {CM. [2,4, 11]).

l. Cheayiounii cylmecTseHHBI IUar B MOHMMAHWM TEOMETDHH IpO-
CTpaHCTRa ObUT CAeNaH HEMELIKUM MaTeMaTHKOM bepHrapaoM PuMaHOM
(1826—1866) B 1854 roxy . Tpexze Bcero, cnemyeT Ha3BaTh OTKPHLITHI
UM BTOPOIl BapMaHT HEEBKIMIOBOM reOMeTPHH, MIM <T€OMETPHH PH-
MaHa» B YIKOM cMbiCe. (DakTH4YeCKH 3Ta IeOMETPHS OCHOBAHA Ha Tpe-
TBEH NTOTHYECKOH BO3MOXHOCTH NPH (POPMY/JIMPOBKE NMATOTO ITOCTYIaTa
M IOCTyAaTa B TeoMeTpiH JIoBaueBCKOro, KOTOPYIO He 3aMeTnH Hy Jlo-
Oauenrckiit, Hu [ayce, HH Bosu. OHa COCTOMT B MPEANOAOXKEHHH, 9TO
yepe3 TOUKy €', He JIeXalIyio Ha 3alaHHOH NpsAMo# (rcone3mecx0ﬁ JR-
HUH) A B, Heb3st IPOBECTH HY ONHOM NIPAMOi (reoae3wdecKoit THHYH),
He Tepecekaomie THHuio AB. DTOT BApHAHT HEeBKIIMAOBON TEOMET-
DPUM COOTRETCTBYET TEOMETPHHU Ha TpexMeproil runiepchepe B 4-MepHOM
CBK/TMIOBOM TIpocTpaHcTBe. CaMbIM CYUIECTBEHHBIM CBOICTBOM Tako-
TO TPEXMEPHOTO TIPOCTPAHCTBA SIBJAETCH KOHEYHOCTh €TO 0OBEMa, Tak
qTO, ABUIAsiCh BCE BpeMs B OJHOM HATIPABICHWH, B KOKLE KOHUOB
MOXHO BEPHYTLCH B NEPBOHAYANBLHYI0 TOMKY. BMeCTo IpSAMBIX JUHMI
€BKTMIORA MPOCTPaHCTRa B cEpHUYECKoi reoMeTpud PuUMaHa BBICTY-
naKT re0Ae3UYECKUe AMHUM — ayTW GOAbIIOro paguyca (cM. puc. 3).

M3 ppyMepHoH aHATOTHM — TEOMETPHHM Ha cepe — BHIHO, YTO
MOHATHE RAPALNENIBHBX ARHKH, coepxalueecs B NATOM nocrynare Ep-
Ki1MJa, B ChepHYECKOil TeOMETPUM BOOGIUE TEPHET BCAKUIA CMBICA, OO
mobas ayra OOIbLIOLO Kpyra, NPOXONsLuan vepes Todky €, Nexamyio
BHE KDYTOBOM TMHHU AB, 0bsizatensHo nepecekaeT AB, IPUTOM B ABYX
Toykax. U3 puc. 3 Takke BUIHO, UTO CYyMMa VIJIOB TpEYroMsHHKa ADB,
00pa30oBAHHOTO NepeceUeHHeM Tpex ayr BonawLoTe Kpyra, Beerna Gosb-
me 180°.

A. DiHUITeRH mucan: «3acnyra PUMaHa B pa3BUTHH MIEH O COOTHO-
UIEHWH MEXIY reoMeTpHeil B QU3IHKON gBosKa. Bo-mepBuiX, OH OTKPHIL

n Cneayet 0653aTeNbHO OIHAKOMUTECR € MeMyapoM Pumana «( runoresax, Jexanmx
B OCHOBaHWH TEOMETPHH» [I L, c. 18—33], HE NOTEPABIINM AKTYANLHOCTH AC HACTO-
SIUETC BPEMENRH.
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Puc. 3. Pumanosa cepudeckan reomerpus

cepudeckylo (MTHNTHYECKYIO) FeOMETPHIO, KOTopas ABAAETCH aHTH-
Te30i rumepGomgeckoii reometpun JloGauesckoro. TakmM oGpasom,
OH BIIEPBHI¢ YKA3al Ha BO3IMOXKHOCTH TEOMETPHYECKOIO TPOCTPRHCTBA
KOHEYHOW NIPOTAKEHHOCTH, DTa HAed ¢pa3y ObIIa BOCMPUHATA W NPHBE-
JIa K TTOCTAHOEKE BOTIPOCA O KOHEYHOCTH (hHM3WYECKOTD NpOCTPAHCTBA.
Bo-BropeiX, PUMaH MMen cMesocTh CO3JaTh FEOMETPHH HECPABHEHHO
Bonee obnIye, 9eM reoMeTpMS ERKIHIA MIIHW HEeBKJIMIOBB T€OMETPHH
B Oosee y3kom cmeicre» [ 15, c. 181].

Il. CywecTBeHHbIi BKAA B Pa3BUTHE HIEH O CBI3M (PHU3IMYECKUX CBOICTB
MATEPHH CO CBOICTBAMM HCKPUBJIEHHOTO NMTPOCTPAHCTBA Ce/Ial AHTIIHK-
ckuli MateMatwkK Bunesm Knuddopn (1845-1879). B suiurenmieit no-
cMeprHo nod penakumeil K. [lmpcona xnure Knuddopna «3npaBbii
CMBICI TOYHBIX HayK» (1885) 4eTKo NMOCTABAEH BONPOC O TOM, B KAKOM
APOCTPAHCTBE Mbl XKHUBEM: B OECKOHEYHOM €BKAMIAOBOM WIM B 3aMKHY-
TOM (KOHEYyHOM) cdepuyeckoM NMpocTpaHcTBe PuMana? B kuure aua-
JNHU3IHPYIOTCH HEOOBIYHEIE 3AKOHOMEPHOCTH 3aMKHYTOFO MHPa H NPHBO-
IMTCS M3BECTHBI MPUMEP € M013A10LWUM 110 chepe KYKOM B KAYECTBE
WLLIOCTPAlMKM CBOWMCTB 3aMKHYTOrO MHpA.

B yactHocTh, B. Knuddopa nucan: «Cnpocum xe cebs, HE MOXeM
X MBI IOAOOHBIM Xe ofpa’joM paccMaTpuBaTh Kak WiIMeHeHud duIn-
YECKOTO XapakrTepa Te¢ ACHCTBHH, KOTOPBIC Ha caMoM Acne oOs3aHml
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CBOMM HPOMCXOXIECHHMCM HIMEHEHUAM B KPHBH3HE HANIEro NPOCTPAH-
crea, He okaxeTcst T4, 4TO BCE WIM HEKOTOPHIE M3 MPUYHH, KOTOPHIE MbI
HazpiBaeM (hUIHYECKUMH, CBOE HAYANIO BeayT OT TeOMETPHUECKOr0 CTPO-
eHYA Hallero pocTpaHcTBa» [11, ¢. 46]. MM xe 6B110 BLICKA3aHO Npesi-
MOJIOXKEHHE, COMJIACHO KOTOPOMY TAKHMH (PH3HYSCKHMMH IIPHYHHAMH
MOIYT ObITh TEILIOTE, CBET, MEKTPHYECKOoe Toje. 3aMeTHM, YTO HCTHH-
Has Gu3MYecKas NPMUYMHA UCKPUBIEHHOCTH — IPaBUTalMs (XaK CTajlo
ACHO Tlocae paboT DiiHwTeliHa) — WM elle He HasBaHa. ORHAaKO BHI-
ckazanHHaa KmuddgoproM rirnore3a o BO3MOXKHON CBA3H YIEKTPOMAT-
HMTHOTO MORd M reOMETPHH TIPOCTPAHCTBA JOCTATOMHA INTA TIPH3HAHMA
€T0 POAOHAYATEHMKOM MIEH TEOMETPH3AIHH K TPOMATHHTHOTO NOMNA.

Ho camoe BaxHoe cocTouT B ToM, uyto B. Kinddopr dakriHaeckn
CTANT OCHORATENIEM FeOMETPUMECKOr0 MUPOMOHMMAHHA, MPHYEM B €0

IKCTPEMATILHO 3aKOHYEHHOH dopme 2, BeuipHrass mporpaMy TOJHORM
FEOMETPH3ELIMM BCEH MATEPHH, OH, B YAaCTHOCTH, IMCAN: «H3MEHEHHE
KPHBHU3HEI NPOCTPRHCTBA — 3TO TO, YTO B AEHCTBUTEIBHOCTH TNIPOMCXO-
IMT NIPH TOM ABIEHHH, KOTOPOE Mbl HA3BIBAEM IBHKEHHUEM MATEPHH, KaK
BeCOMOM, Tax M 3(dHpa; 4To B (HDU3HYECKOM MHpE He MMeeT MecTa HU-
YErQ, KPOME 3TOrO U3MEHEHHS, MOMYHHSIONIErocs {BO3MOXHO) 3aKOHY
HenpepbiBHocTH» [11, ¢. 36]. Umenno B pycae uneit Kimndbgopaa pato-
Ta]l aMEPHKAHCKUH (DI/ISHK-:TeO])eTIdK Joxon Yinep (1911-2008) u ero
NOCJIEn0BATENM, TIPOBO3NIACHBIIHE IPOIPAMMY MOCTPOEHHA «MacChl 6ed
Macchl», «3apAaa 6e3 3apAna» U T. ., T. €. NOAYYeHKs BCeX XapaKTePUCTHK:
MaTepHH W3 CBOICTB «ITyCTOro» NpocTpaHeTsa (M BpeMeHH) [ 11, ¢. 542—557].

ll. Uneu seeBkaMmoBeIx reomeTpuit Jaxe B Hawane XX Beka INped-
CTaBISUIHCh FKIOTHHECKMMH M OBLIM MalOM3BECTHBIMU B cooOllecTBe
¢u3kikoB, JOCTIOACTBOBANA YBEPEHHOCTS B €BKIIMIOBOM XapaKTepe reo-
METPHH PEATbHOID MUPA H B HE3LIBIEMOCTH 3AKOHOMEPHOCTEH HBIOTO-
HOBOH MexaHuku. /Ima GopMMpOBaHHUA reOMETPMYECKOI0 MMPOIIOHH-
MaHHs HEOOXOAHWMO G5LTO PAa3BEHYATh ITH YKOPEHHBLIUECA NIPEACTABNIE-
Husl. CNOXHBINYIOCH CHTYALUMIO MOXHO ObU10 CPaBHMTE C MPEOAOIEHHEM
AHTUYHBIX 1OTM 4 $u3HKU Apucrotens (384—322 rr. fo H.3.) Gnaro-
aaps tpynam H. Konepuuka (1473-1543), U. Kernepa (1571-1630),

2 W3 pocnoMuHaHuii COBpEMEHHHKOB DIHIUTEHHA W CBeIeHHMH ero BHorpadoB n3-
BECTHO, 4TO DAHWTERH ObUT 3HAKoM ¢ paboramn Knuddopna eme B Gepuekuit
nepHon ceoeii xuznu (1902-1909}).
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T Tamres n JPYTHX BBIIAIOUIMXCH ecTecTBOHCNbiTarenei XV~XVII pe-
KOB, IIOATOTOBMBIIMX NOYBY U1 CO30AHHH HLIOTOHOBOH MEXaHMKH.

Ha 370t pa3 noHamoGHIOCkE 3HAYMTEAEHO MEHBILE BpeMeHU. Boms-
VIO POAL B PETLICHWH 9TOM 331aYd M B TTOATOTOBKE VCIOBHH Ays co3ma-
HHUA ODILEH TEOPHM OTHOCHTEABHOCTH CHITpad (PH3HK, ¢CTCCTBOUCIIBI-
Tarens ¥ ¢punocod IpHer Max (1838-1916) (cm. [11, c. 49—100]). Cam
DHHIITeiH oTMeYal, uto «Max aCHO MOHUMAN clabble CTOPOHB KNac-
CHYECKOW MeXaHMKH M Obil Helasiek oT ToTo, YTobbl MpHITTH K obuei
TeOpuH oTHOcUTENBHOCTH, W 3TO 32 nosnBeka o ee cozmanus' BecyMa
BEPOATHO, YTO Max cymen Gil co3aaTh 00UIYI0 TEOPHIO OTHOCUTENLHOCTH,
eciii 6Bl B TO BpeMs, KOTIa OH ellle GblA MOJIOA AYXKOM, (PHIMKOB BOAHO-
BAJl BOIPOC O TOM, KaK cJIelyeT ITOHMMaTh CKOPOCTb cBeTa» |16, ¢.29].

¥xe B 1903 romy, B caMOM TpeXABEPUM CO3MAHHA TEOPHH OTHO-
cHrensHOCTH, Max omyG/ikosan cTathio «T1pocTpaHCTBG U [eOMCTPHS
¢ TOYKH 3PEHHSA €CTECTBO3HAHMS», B KOTOPOHN TIPOaHATM3UPOBATT MaTe-
MaTHUYSCKME W (DUBHUYCCKNE acTeKTH PasBHTHM MPENCTaBIeHH O reo-
METPHH TPOCTPAHCTEA U TMOAPOOGHO M OBCTONTENBHO OXapaKTepH3oBan
nocrikeuua H. W. flobauesckoro, K. Tayeca, 4. bosau, b. Pumana v npy-
rux. I[lp 5TOM OH MCXOOUA U3 TOTO, UTO «TEOMETPUS ECTh NIPHMEHEHUE
MaTEMAaTHKH K OLbITY OTHOCHTENBHO MPOCTPAHCTBA», 34eCh XKe OH Ha-
nMcan mpopouyecKHue caoBa; «Bce passurue, nprpeniuee K NMEpeBOPOTY
B [IOHMMAHWM TEOMETPHUH, CIEIyeT IIDH3HATL 32 310pOBOE H CHIbLHOE
apuxeHne. HonrorapnneaeMoe CTONETUAMH, 3HAYUTEIIBHO YCHIHBLIEE~
csl B HALIM JHM, OHO HIKOMM 00pa30M He MOXET CUHMTATHCA yXKe 3aKOH-
4YeHHbIM. HampoTus, cneqyeT 0XKuaaTh, YTO ABIKEHHE 3TO IIPUHECET
eme forateHmHe IUIONB — ¥ UMEHHO B CMBICHE TEOPHH MO3HaHMA —
He TONBKO O MATEMAaTHKM M TeOMETPUH, HO W WA JpPYTHX HaykK.
Bymyau o06s3aH0, nMpaBga, MOINHBIM TOAYKAM HEKOTODHIX OTIENBHEIX
BBIIAIOWUXCS JIOAEH, OHO, OMHAKO, BOSHUKITO HE U3 WHIWBUIYAIBHLIX,
Ho oOmMX moTpebHocTeH! 3TO BUIHO yke W3 OAHOro pa3Hoobpaius
npoceccHii ToaeH, KOTOpEIC IPUHANY ydacTHe B ABMXeHun. He Toms-
KO MaTeMaTHKW, HO M GWIoCohs, H AHAAKTHKH BHECIH CBOIO JIOJIID
B 3TH McciaenoBatus. W myTH, nponoxeHHblie pavIMiHBIMM HCCIER0BA~
TejsiMM, Gu3Ko compukacaloTes» [11, c. 82].

3HamenaTenbHO, YTo JiHINTeiH Ha NHKe CBGEH HAYUHO J2esTe b~
HOCTH HAXOAWICA mon SonbiiuM BausiHeM uaeit Maxa, W coagapas o6-
YO TEOPWIO OTHOCHTEABHOCTH, OH OBIN B MONHON YRepeHHOCTH, 4TO
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pabGoTaeT Han peannsauMeit ero Haeit. M3BecTHo Taxke, yto DHIITEHH
penKo Xoro-mubo IHTHPORAN, 2 CChITKYW Ha Maxa comepxatcd B 601b-
LWINHCTBE 70 paloT TOTO MepHoaa.

IV. Kax Bckope crano sicHo, HH Knuddopn, Ht Max He cmornd Gul
€O30aTh O0IIYIO TEOPHIO OTHOCHTEIBHOCTH, OTTHPAACH JIWTIb Ha HCKPHB-
JA€HHOE 3-MepHOe NPOCTPAHCTRO. JTO CTAN0 BO3MOXHEIM, HAYHHAA € Pa3-
MEPHOCTH “eThIpe. [103TOMY CIEayIOLUM BaXHBIM ITAIIOM B CO3LAHHM
oburei TeOpHH OTHOCHTENEHOCTH W BCETD TEOMETPHYECKOTO MEDONIOHHMA -
HHA CHEAYET CHRTATh OOBEIHHCHHE 3-MEPHOTO MPOCTPaHCTBA CO BPEMEHEM
B eIHHOE 4-MePHOE TIPOCTPAHCTBEHHO-BPEMEHHOE MHOTOO0pasue, uro GO
CIENAHO B CHCHHATLHONH TEOPHH OTHOCHTETBHOCTH B 1905—1906 romax.
ItoT 31an cBs3aH ¢ MMeHamu X. A. Jlopenua (1853—1928), A, DitnurreiiHa
(1879-1955), A. Iyankape (1854—~1912), I. Munkosckoro (1864—1909).
Tak, Tepman Munkopckuii, BeicTyriag B 1908 rony wa 80-m coGpaumm
HeMElKHX ecTecTBoOMcNbITaTeneli ¥ Bpayeit B Kénpue, sagpmwr «Mu-
AocTuBbE rocrioga! BosspeHns Ha NPOCTPAaHCTBO H BpeMs, KOTOPHIE
S HaMepeH Tieped BaMH PajdBUTh, BOHHKIIH HAa YKCTIEPHMEHTANBHO-Pu-
3vyeckoil ocHore. B atoMm mx cuna. Ux TeHmeHUHA patukansia. OTHBEIHe
TIPOCTPAHCTBO CaMo Mo cebe U BpeMaA caMo o cede A0/DKHbEI 00paTHTRCH
B (PMKUHY U JHUILE HEKOTOPBIM BUA, coeauHeHHs OO0HX JOMKEH coXpa-
HUTB CAMOCTOATENBHOCT» [5, €. 71].

V. Jo cux Mmop peyb LLla O TEOMETPHUYECKHX MIESX, O JTOFHYECKHX
OCHOBaHMAX, KOTOpHIe NPUBENW K CO3TaHWI0 ofIleil TEOpHU OTHOCH-
TeABHOCTY. OBHAKO ¢ JAaBHMX BpeMEH MMETHMCh MOCTATOYHO CEPBE3-
HBIE OMBITHBIE HAHHbIE, OCMBICIEHHE KOTOPHIX MOIVIO NOACKA3aTh HACIO
06 UCKPHBIEHHOCTH npocTpaHcTBa (-BpeMeH). Tak, yxe nocne akcne-
puMenTeB [wHnes ¢ renaMy, nagaroniuMu ¢ [Tuzanckoit HamHu, cTajI0
W3BECTHO, YTO BCe Te/MAa B NTOAE TXECTH 3eMiIH IalaloT OGUHAKOBO He-
33BMCHMO OT UX MHAWBMAYAJbHEIX CBOKCTE (Macchl, BemecTsa, GopMbl
U T.A.). 3aTeM 9T0 HabMIOfeHHe HALIO CBOE BOIUIOIICHHE B 3aKOHAX
mexaHukM HbloToHa M B 3akoHE BCEMHPHOro TATOTEHHsA. HanoMHWM,
U3 BToporo 3akona Helorona pna mafamomux TEN B TPABHTALKOHHOM
TIoNie 3eMITH CAeyeT

M M
gm:GE-— —)g:GIﬁ, (2.1)
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roe m — Macca rena, M — macca 3emnH, £ — paccTOSIHME A0 LIeHTpa
3emau. CnepoBareibHO, YXe TOIIA HalpallMBAICA BHIBOA, COTAACHO
KOTOPOMY TIpPHODPETAEMOE TEJAMHM YCKOPEHHKE g 3aBHCUT AMLIb OT TOH
TOYKH MPOCTPAHCTBA (OT paccTosiHus R), TIe OHU OKa3auch. Yxe MOX-
HO GBUIO MOCTAaBUTh BOTIPOC: HEMb3S AW XapaKTePHUCTUKY TPHTAXRECHUS
{nMomyuaemMoe TenaMH YCKOPEHHE) CBA3ATE He ¢ CAMMME TENaMHU, a ¢ CO-
OTBETCTEBYIONTHM MECTOM NPOCTPAHCTBA, TIe OHU HaxoOdaTca? 3aMeTHM,
MTO 3Ta MOes GbLUIA CO3BYUHA elle He 3a6bIThIM TOIIA B3ITISAM Apn-
CTOTEs, HAJISIBIIETO He TOMBKO T¢J1a, HO H MECTa HeKHMH JIMHAMM-
JecKWMH CBOHCTBaMU. HamoMHuM ero cnopa: «llepeMelieHMsT IpOCTHX
bu3M4ecKMX TeJ, HAIPUMEP, OFHA, 3eMIH 1 NMOXOOHLIX UM, TIOKA3LIBAIOT,
YTO MECTO €CTh HE TOABKO HEUTO, HO YTO OHO WMEET M KAKYIO-TO CHAY».

Ho xak MOXHO OBIIO peanu308arh 3Ty MOS0 B PAMKaX IpeacTanie-
HUIA 00 eBKIHAOBOM NPOCTPEHCTBE WK J2XKe O IIOCKOM IPOCTPaHCTRE-
BpemeHH MMHXOBCKOrQ, YpEe3BHYaiiHO DEIHLIM TIO CBOMM CBOMCTBAM?
[TpocTpaHCTBO ORHOPOAHO, T. €. OOWUHAKOBO BO BCEX TOMKax, M W3D-
TPOIHO — OAWHAKOBO TIO BCCM Hanpapnewuam. Peaansanya 31oi naed
CTasia peallbHOM THIUE NMOCHE OCBOSHMA (PUAIMKAMH HIEH WCKDPHBJAEH-
HOCTH NPOCTPAHCTEA (M BpeMeHH), KOINa MOSABWIMCH TMPEACTABIESHMS
0 IpPOCTPAaHCTEE, TO-Pa3HOMY HCKPHERIIEHHOMY B PalIMYHBIX MECTAX.
YckopeHWE MOXHO CBS3aTh ¢ XapaKTEPHCTHKAMH HCKPUBICHHOCTH TIPO-
CTPaHCTBA, a TMHUMA, TTO KOTOPHIM ABIDKYTCA TENA, TPHODPETAHOT XapaKkTep
VHUBEPCATTBHBIX KPUBBIX B IPOCTPaHCTBe (BpeMen). [locnenHue MOXHO
QTOXAECTBUTD ¢ SKCTPSMANLHBIMM IMHMAMM — TeQACSHYCCKHMH. JTa Haes
¥ ObIa pEATH30BaHA B ODINEH TEODMH OTHOCHTENLHOCTH JHHLITEHHA,

Crenyetr OCTAaHOBMTBCA Ha BONPOCE 0 cMbiciae Macchl Tena B (2.1).
C oaHOit CTOPOHBI, MAaccy MOXHQ ONPENEJIUTb, H3MEpsAd CWAy HpM-
TAXECHMA JAHHOIC TEJMAa K HEKOTOpoMy atanoHy. [lonyyeHdas Takum
o0pa3oM BEIMYMHA XapaKTCPH3YeT rpaBUTAIMOHHBIN 3apsal Tela — ero
CIIOCOOHOCTD MPUTSITMBATLCH K JPYTOMY TEITY. JTa Tak HazEBaeMas 2pd-
sumauuonnas (Majxcesas) macca My, 3aIMHCaHa B NMPaBOi HacTH ypas-
Henus (2.1). C apyToit CrOpOHDb!, MACCY MOXHO OTIPEAETUTh U3 BTOPO-
ro 3akoHa HbI0TOHA, M3MepsAs YCKOPEHHe, KOTOpoe NpHobpeTaeT Telno
G AeHCTBHEM 3aJaHHOM »TanoHHOH ¢k, TloayyaeMas TakMm obpa-
30M BEJIMUMHA XapDaKTEPU3yYeT HHEPTHLLE CBOWCTRA Tela — CMOCOOHOCTE
TENA COXPAHATE CBOK CKOPOCTh. JIaHHYIO BEMTWYHHY, CTOANLYIO B J€BOMH
yacTy (2.1), Ha3bIBAIOT uHepMHOI MACCOI Ty, . DTH BE MACCH COKPAILEHDI
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c/1eBa ¥ crpapa (GaKTHYECKH Ha OCHOBAHMH TIOCTYIATa 06 MX PaBEHCTEE.
Boo6ute rosops, AGCTaTOMHO ¢akra NPCMOPUHOHANBHOCTH MACC C He-
KM YHHMEBEPCAIBHBIM K03bhHULeHTOM MPOonopuMOHANBHOCTH, KOTO-
PHIf MOXHO BKJTIOYMTE B ONIpeAe/IEHHE IPABUTALIAOHHOM IOCTOAHHOM G
4 B lAnbHeH1neM YK€ FTOBOPHTh O paBeHCTBE AByX THNOB Macc. Dakr pa-
BeHCTEA Mace OBUI HA3BAH DUHUITEHHOM NPpUHLLNOM IKEUBANECHMHOCTIU.

Hexona 13 H3INOKEHHOTO, OYEBUAHO, YTO CASOYIOLIMM BaKHBIM
HIATOM Ha MyTH K CO38aHMIo o0uel TeOpUH OTHOCHTENBHOCTH AOAXHA
Onina cTaTs yBA3KA HIEH 00 MCKPHBICHHOCTH MPOCTPaHCTBA-BPEMEHH
¢ TpaBuTatineii, YTO GBINO CAENaHO BCKOPE MOCHE COITAHUSA CTIELMATE-
HOH TEOPHH OTHOCHTENBHOCTU. TakK, B crarbe A. Iyauxkape 1906 roza
«O nuHaMuke neKTpoHar (cM. [11, c. 85-100]) yxe Hapsay ¢ 3nexTpo-
MArHWTHRIM OBLTO NPOAHANH3IMPORBAHO U IPaBUTAllHOHHOE B3aUMoHEii-
CTBME B PAMKaX CITELMANBHON TEOPHMH OTHOCUTENBHOCTH, T. €. IpaBH-
Taluua ObINa MOCTABIEHA PANOM CO CBOJMICTBAMM MPOCTPAHCTBA-BpEMe-
HY. Bckope K ofcyxaeHHI0 2TOTO BOMPOCA NMPUCOSOHHWICH W ANTBOCPT
DitviuTeitd, onydbrnkosarwmit B 1907 roxy craThio «O IPHKEIMIE OTHO-
CHTENBHOCTH K ero crencteusix» (14, ¢. 65—114], rae, Bo-nepsbix, TATO-
TEeHNE PacCMATPUBANIOCH C YYETOM MPWHLMITA OTHOCHTEBHOCTH H, BO-
BTOPBIX, OTMEYANACH CBA3b [PABHTALMY C CHilaMH HHEPIIHH B YCKOPEH-
HBIX CHCTEMax OTCUETA, T. €. YIHTHIBAICHS NMPHHLAN 3KBHBAJICHTHOCTH.

Vi. B pesynsrate ONMHMCAHHOM LENOYKY MAEH KO BTOPOMY ACCATILIETHIO
XX BeKa CJIOXWIMCH BCS YCAOBHMA IS CO3ZAHHSA 00IIel TeopHH OTHO-
CHUTCAIBHOCTH. 3MeCh YPEIBBYANMHO CYLIECCTBEHHON OKazanach OnmyoiM-
KOBaHHadA B 1913 rony coBmecTHad cTaThd A, DIfHIUTEHHA ¢ MATEMATH~
xom MapceneMm Ipoccmanom (1878—1936) «JlpoexT 06061eHHOM Teo-
PHM OTHOCHTCABHOCTH M TEOPUH TAroTeHns» [14, c. 227-266], roe 6but
cOeflaH BaXHBIH BBIBOA! IPAaBHTAllMOHHOS B3apMojeiicTBue obycnos-
JIEHO UCKPHBJIEHHOCTBIO 4-MEPHOTO TIpocTpaHcTBa-BpeMeHd. K3 aroit
CTaTBU OYEBHMAHO, YTO A. DUHIWITEHH HCKAN MaTeMaTHYecKWil anma-
part, NO3BOJIAIOWMIA CBA3ATL TPABHTALIMIO € TCOMETPHEH, HO B TOT MO-
MEHT He pacnosaral HeoOXOOWMBIMH 3HAHWAMHE B 00NacTH yxe pas-
BUTOH K TOMY BpeMeHHM DHMaHORoU reomeTpuu. QCBOMTE HYXHYIO
MaTeMaTHKy eMy noMor M. IboccMaH, ¢ KOTOPEIM OH IPYXWI €O CTY-
merrdeckux ster. Ilocne BriXoaa B CBET 3TOH CTaThH CaMOe IIaBHOE OBUTO
cleNlaHo, BCe OCTATLHOE, MOXHO CKAa3aTh, NMPEACTABIAI0 cob0il TeXHH-
yeckylo (MaTeMaTMyeckyo} 4acth GOpMHpPOBAaHMS TEOPHH, 3ABEDHIEH-
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Hy10 Ha pyOexe 1915 1 1916 ronos, Korna NOYTH OTHOBPEMEHHO A. DifH-
wirekiHoM u [lasunom TiwnsGeprom (1862—1943) Gbuiy 3aIUcaHbl ypaB-
HeHus (DHHWITEHHA) [UIg rpaBUTAaUMOHKOrO noas {em. [11, ¢. 133-145],
(14, c.448-451]).

§ 3. HanpaBneHus coBpeMeHHbIX
ACCNeaoBaHUA B TEOPUMW rpaBuTaLUmn

CoBpeMeHHAA TEOpMsA rpaBUTALMK 0Dpa3yeT AOCTATOYHO OOIIUp-
Hyto obnacts dyHIaMeHTaNBHOM GHIMKM, KOTOpasd MpPeNcTaeT Ha OTe-
JeCTBCHHEBEIX H aapyﬁex(ﬂux T'PABUTAILIHOHHBIX KOHd]CpCHL[HHX B BHAC
HEeCKOABKMX HanpaRneHHil. KpaTko oxapakTepusyem Hx.

\
|. Ksaccuneckan meopusn zpasumauuu cOCTABISAET SAPO BCEX MCCAENO-
BaHHMM M BKITIOYAET B CeBs OJIOK KIIOYEBbIX MOHATHH ¥ NpeAcTaBneHU A
reoMeTpHYeCKOro 1oaxona K gusnke, 3meck PaccMaTpHBalOTCA Cleny-
K0IHEe BOMPOCH:
¢ JTOWCK W aHaTH3 TOYHBIX Pell¢HWI ypaBHeHWi DifHLITEHHA;
® pas3BHTHE METOOOB 3aAaHHA CHCTEM OTCYETa M MX NPHMEHEHHe;
¢ HCCREeNOBAHWE ypabHeHWH NBIDKCHHS OOBEKTOB B HCKPUBICHHOM
TIPOCTPAHCTBE ~BPEMEHH;
¢ OYMCaHME KIACCHYECKHX HeTPABHTALIMOHHLIX Ionei B obuiei Teo-
PHH OTHOCMTEILHOCTH;

¢ aHaIHA3 npoﬁneM, CBA3aHHEIX C 33KOHAMH COXPaHCHMA,

¢ OIMCaHHEe CILTOUIHBIX Cpel, TEPpMOIHHAMHKH H CTATHCTUYCCKOH
(l)KBHIG‘I B UCKPMBJI€HHOM IIPOCTPAHCTBE-BPEMCHH.

MOXHO Ha3BATR W PAJ APYTHX 3agaqv M Ipobiem.

Il. Obobuennsie meopuu zpasumauuu B NOCAEAHEE BPEMsl BHLICTIINCH
B OCODOBLIA pasmesJ UCCHenoBaHMA B CWIY TIPAKTHYECKHM HCYEpPIAaHHBIX
BO3MOXHOCTEA TEODHH, OCHOBAaHHOI HA PUMAHOBOM 4-MepHoii reoMeT-
pMH, B paMKax KoTopoi cthopmyanposana OTO. I1o3TOMYy MHTEHCHBHO
HUCCIEAYIOTCS BO3IMOXHBIE CJSICTBHS TEOPHWH, OoMHMpawlleiica Ha Goiee
obimwe reomeTprH. HasobeM Cleoyloluse riaBHble BADUAHTH 0000IEHHA:

® MHOTOMEPHBIE NeOMETPMYECKME MOACIH (U3NYEeCKHX B3aHMONei-

¢ty TMNA TeopHd Kanyusi v KieiiHa;
® TEOMETPHMH € XPYYEHHEM;
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¢ reomerpus Beiuta (c cerMeHTapHOR KPHBU3HOI);
¢ HMHCIEPOBbl [EOMETPHH, OCHOBAHHbBIE HA PAVIHYHEIX 06001IIeHMAX
MepoonpeeneHus;
¢ GMMETpPHUYECKKE TEOPHWH IPABUTAIMH.
3TUM AaNeKO HE HCUEPTIBIBAIOTCS BCEe BOIMOXHLIE BapHAHTHI 0600-
MIeHWA STHIITEHHOBCKON TCOPHH TPABRTALIHH.

IN. Pesamusucmcxan acmpoduiuxa u xocmosoeus B MOCHEAHEE BpeMs
NPEICTABIAKT OCOBBI MHTEPEC, MOCKOABKY 3TOT KPYT NpodieM Bceraa
MMEN NPHHLUMITHATBHO BAXKHOE 3HAYeHHE M B paMKax obuieii TeopHH oT-
HOCUTETLHOCTH BIEPBBLIC TOABUIACH BOIMOXHOCTS PaCCMAaTPUBATH MHP
{Bcenenuyio) kak neaoe. B Hacrosulee Bpems nolyueH psI BaKHBIX
3KCOEPUMMEHTANbHBIX PE3yJbTATOB, 33CTABHBIIHMX 3aHOBO [IPOAYMbLIBATL
OCHOBAHHMS HALMX MPEICTABACHME 0 Mupo3gaHuu. CpeiM paccMaTpu-
BAEMbIX 30eCh [IPOOAEM HA30BEM ClelYIoLLHe:

¢ BONPOCH POMCXOXACHHA BeeneHHoil M ee 3BOTICIMH,

¢ cunrymIspHoctd B OTO o rHnoTe3a yepHBIX AbIp;

* CTPYKTYPA CBEPXTUIOTHLIX KOH(HIYpALWiL;

® UMOTE3H TeMHO MaTepUH H TEMHON SHEPTHH.

MoxHO Ha3BaTh W pAl APYTUX NPOOAEM U 06CYXIaeMbIX THIIOTES,

V. Keanmoeanue zpasumauuu u censv meopuu zpasumauuu ¢ Qusuxoii
Murkpomupa. BaxXHOCTL 3TOTO HaMpaBleHHA WCCNETOBAHWHN OYeBHIHA.
3aech cneayer BRIOSTUTH Cnéayourie mpobaemb: '
¢ [IOWCK BO3MOXHOCTEH COBMELIEHHMS IIPUHUUNOB 00lei TeopuH
OTHOCHMTEMBHOCTH Y KBAHTOBOH TEOPHMM;
& pacyeT 0XHUAEMBIX ADPEKTOR KBAHTORAHUA [PABHTALIMY;
¢ aHANIU3 KBAHTOBOI TEOPHH [0S B UCKPUBIEHHOM IIPOCTPAHCTBE-
BpeMEHM;
& TOCTPOSHWE W AHANM3 KBAHTOBBIX KOCMONOIMYECKHX MOIENEH;
¢ KBaHTOBaHHWE MPOCTPAHCTBA-BPEMEHH,

Hmetores M apyrue npobaeMbl.

V. Ipasumayuonnsi sxcnepumenm BKIIOY3eT 1B BULA SKCIEPHMEH-
TANBHBIX MCCIAEAOBAHUH:
1) NOMCK rpaBUTALIMOHHOIO U3IYYeHHS (OGHADYKEHHS TPABUTALIMOH-
HBIX BOJIH);
2) TPOBENCHWE KCIEPHMEHTOB B HEBOAHOBOMN 30HE.
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HpeacraBneHHslii nepeyeHs npoGaeM K 3a8a4, HCCIEIYEMBIX B CO-
BPEMEHHOM TEOPHM IpPaBUTAUNM, YOESIMTENbHO CBUACTENLCTBYET O He-
BO3MOXHOCTH CKOJbKO-HUDYAb NnOApOoGHO OCTAHOBMTECA HAa KaxI0il
u3 Hyx, Ilo3TOMY JIEKTOpBLI, YHMTAOLINE B By3aX KyPChl II0 IPaBHTa-
LMK, PYKOBOIACTBYIOTCS COOCTBEHHBIMH ITPEACTABJIEHMSMH O HEeNeco-
o0pa3HOCTH 3HAKOMCTBA CTYACHTOB € TEM WM MHBLIM HaNpaBleHHEM.
Ho He3aBuesMO 0T COEIaHHCTO BblOOpa NeKLUHOHHBIA KYpC 00S3aTebHO
COLEPXUT UIMOXEHUE OCHOB 001U TeOPHH QTHOCHTEALHOCTH, B XOIE
KOTOPOro, KaK I1paBWIO, HENOCTATOYHO YYMTHIBACTCH MaTepuai, CBA-
3aHHBIH ¢ METONAMH 3amaHusi CHCTeM oTcdeta. MoXHO HageqATsCH, HTO
JaHHAA KHWTA IMMOMOXET YCTPAHUTh 3TOT Ipoder.

KoHTponbHbie 3anaHna

1. Kakwue uleH Ha Ball B3NISA, B HaHBO/ibUIE i CTEITEHH CII0Co0CTBOBATH
CO3MaHM0 ablleit TeOpHH OTHOCKHTEARHOCTH? O00CHYHTE Ballly TOUKY
3IPEHUA.

2. Kakoe W3 Ha3BaHHBIX HAMpaBIeHHI HCCMeIOBAHNI B COBpeMeHHOM
TEOpHH TPAaBUTALM, Ha Ball B3TASI, TIPeICTaBAgeT HauGOALIIW
vaTepec? ObocHYHTE CBOIO MOIULIMID.
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Havyana knaccuuyeckoit
TEeopUu rpaBuTaLumn

fnasa 1

OCHOBHbBIE MOHATUR PUMAHOBOW
reoMeTpuu M TeopuMu rpaBuTayum

§ 1.1. fpynna gonycTUMbIX KOOPAWUHATHbIX
npeo6pa3oBaHuit N TEH30pbI

B coBpeMeHHOIl PH3MKe KITIOYEBYIO PONE MIPAOT CHMMETpHH. Teo-
PHA CPYTT JICKUT B OCHOBE HE TOMBKO KBAHTOBOW MEXaHUKH H QU3HKH
MHKPOMHpa, HO W ONpelensieT CTPYKTYPY ¥ coAepXaHne TCOPHH OTHO-
CHTEMBHOCTH. B cieLanbHOM TCOPHH OTHOCHTENBHOCTH KIMOYEBYIO DONb
Wrpaet 10-mapamerpuueckas rpynma [yaHkape (6-mapamerpHyeckas
rpynma JIopeHna Ioc 4-napaMeTpuyecKas rpynmna TPaHCIsSLUMii), Ko-
TOpas NMpH mepexone X obIIeH TeoOpWM OTHOCHTENIRHOCTH 3aAMEHACTCH
Ha IPYTIY HOMYCTAMBIX KOOPAWHATHHIX NMpecOpa3soBaHHit, TUKTYIOLIHX
GopMynupoBKy Beeil TeOpUM B TEPMHHAX TEHIOPHBIX BEMYHMH M OTIe-
PATOPOB, U3MEHSAEMBIX B COMIACHH ¢ HOMYCTHMBIMH KOOPIHHATHBIMH
TIpeoGpa3oBaHUAMH. ‘ '

1.1.1. KoopauHaTHbie CHCTEMbi

|. Teopuss oTHOCHTENEHOCTH, B TOM 4YHCNE M O6INas TeopHs OTHOCH-
TENEHOCTH, TIPU3IBEHA OTTHCHIBATE COOTHOLICHHS MEXIY COOBITHAMH Ma-
TEPUATBHOTO MUpPa. DTa UeTb AOCTHTAETCS C MOMOLIBI0 MATEMATHYECKOM
MOIENH KJI2CCHYECKOTO TIPOCTPAHCTBa-BpeMEHM, OCHOBHOM MocTyaar
KOTOPO#H COCTOMT B TOM, 4TO MoBoe cOOMTHE MOXeT OBITH COMOCTaBNe-
HO C YIOPSI0YEHHOH COBOKYTTHOCTBIO W3 YeTnipex (wim B 6onee obieM
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Puc. 1.1. KoopguHaTHaa CHCTeMa Kak COOTBETCTBUE PU3NYecKkuX cobbITni
C apudmeTUHECcKMMK TOUKaMKU

1

cilyyae m) BellecTBeHHBX ynucen {z°} = {a:o, T, 2%, 23}, HA3bIBAEMBIX

KoopouHamamit mouKu-coGumus.

CobBITHS MaTePHaibHOTO MMpa COCTABIMIOT, KaK W3BECTHO, HEKO-
Topoe MHOXecTBO. C IPYTOf CTOPOHBL, WCTIOALIYEMaA MaTeMaTHUECKAs
MONENb HMeET B BHIY MHOXECTBO apMMETHYECKHX 4-Tovex (n-Touek),
OTIMICHIBAEMBIX BCEMH BO3MOXHBIMM 3HAYEHHAMH JeThipeX (U 1) Be-
LrecTBeHHBIX wicen. Taxum o6pa3zoM B masHOM Mo#eTd paccMaTpHRAKOT-
CHl IB& MHOXECTBA O00BEKTOB: MHOXECTBO (PU3HUYECKUX TOYEK-COOBITHIA
M MHOXeCTBO apH(QMETHUYSCKMX TOYEK, HASHIBAEMbIX apughmemuteckum
npocmpaucmeom deTsipex (WM n) uaMepeHui. TTOCTYIHPYETCA COOTBET-
CTBME KaK OCYLIECTBUBLIMXCA, TAK M BCEX APYTHX BOIMOXHBIX (huzHyec-
KHX COBBITUI ¢ TOUKAMM apuMETHIECKOTO NPOCTPaHCTBa (CM. puc. 1.1),

Koopdunamnoii cucmemoii Ha3bIBaeTCs YCTAHOBNEHHOE COOTBETCTBHE
MEXIY cOOBITHsIMEH U apudMeTHUeCKHMH TouXaMmH. Kak 3a1aioTest Cu-
cremel koopanHat! HecoMHeRHO, 3T0 BONIpOC (PM3MYECKHH, 2 HE Ma-
TeMaTHdeCcKHit. CymecTByeT psil KOHCTPYKTHBHEBIX CMOCO00OB 3adaHus
KOOPAMHATHLIX CHCTEM (HEKOTOPHIE W3 HUX OYAYT paccMOTPEHB! HIKE),
OXHAKO I/l BBeZeHMS 3HAYMTENERHOH 4acTH TIOHATHIL o0lueH TeopHuU
OTHOCHTEIBHOCTH AOCTATOYHO JIHLIb CAMOTO (hakTa CylmecTBOBAHHA KO-
OPIHMHATHON CHCTEMBI.

ll. Ecim xakem yromHo ofpazoM 3amaHa OIOHAa CHCTEMA KOODIMHAT
{z"}, To onpenenas gersipe Ppyrxmn FP(2%), MOXHO nepeiiTH K HO-
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BOJ HyMEpaUUH TOYEK, T. €. K APYTOH CHCTEMe KOODAMHAT
2 = FP(z*) = 2% (2®). (1.1.1)

M3 BecKOHEeYHOTO MHOXKECTBA BCEX BO3MOXHRIX CHCTEM KOOPAMHAT, MO-
Ty9aeMEIX TAaKuM oGpa3om, B 00Imelt Teopun oTHocutemsHocTH (OTO)
HACITONb3YETCA JTHIUb TTONMHOXECTBO TAK HA3KIBAEMEBIX JOMYCIUMBX KO-
opdunammubix cucmem. UToBBl MX OXapaKTepH30BaTh, . HAMOMHMM DS
ONpeNeIeHUL,

®yukuuio F(z®), onpeneneHHyio A1 BCEX TOYEK apudmemuve-
cKoli n-obagemu [z], HA3LIBAKOT QymKuueld xagcca ., eCIH OHA u ee
NPOU3BOJIHEIE MOPSAKA, MEHLIUETO HIN PABHOIO U, CYLIECTBYIOT H He-
MPEPLIEHLL B KAKA0H TOUKE NaHHOM o0nacTH onpenencHHA. 30eCh ¢4 —
ndoe nenoe noskuTeNsHoe Yyucne, B OTO o6puno nosaraloT « 2 2.
CooTBeTCTRHE, NPH KOTOpoM apudMeTHYeckas n-obnacts {z] orobpa-
XAETCH B HEKOTOPOE MHOXECTBO [a:'] Ipu TroMolitM 1 GyHKIHIT Kaac-
ca %, Ha3wBaeTCs npeobpaszosanuem Kaacca w, Nepeponsmum [z) B [2].
peoGpazosanre apudMerndeckoit obnactu [x] Hasbipaerca pezyasp-
HbIM KJIACC2 1 TOTAA M TOJbKO TOTAA, KOIMAa OHG B3aMMHO ONHO3HAYHO
Y €10 AKOO6KaH He 06pallAeTcs B HYNb HU B ONHOI Touke [z].

MHoXecTBO AOMYCTHMBIX CHCTEM KOODIMHAT OMPERCIAETCA Kak
COBOKYITHOCTb CHCTEM KOODHOWHAT, IOJYyYaeMbIX H3 {HaMuecku 3a/aH-
HOH CHCTEMBI KOOPAMHAT IOCPEICTBOM BCEBO3MOXHEBIX PETYAAPHBIX
npeo6pazosarmit 7 = 2'%(2%). Takue mpeobpasoBanms, CBAILIBAIO-
iMe JOTIYCTUMLIE KOOPAWHATHLIE CHCTEMbE, HA3KIBAIOTCA OORYCHIUMbIMI
KOOPOURAMHBIMU NPEOfpa306aHUAMUY.

). Jlerko suners, 4To ABA MOCACAOBATENBHO TPOH3BENCHHbIE AOTTYCTH-
MBIe Tipeobpalosanus oGpas3yIoT Takoke JOTYCTHMOE npeobpa3oBaHie

x}ﬂ — a:!ﬂ (xc!) @ a:ﬂ'p = m”‘u (xlﬂ) = :D"‘“ — xﬂp(wlﬂ (wa)) (1'1.2)

{em. puc. 1.2). Kaxnoe nomycrumoe rnpeoGpa3oBaHue MMeeT oGpaTHOE
NOIYCTHMOE TIpeoBpaloBaHue

? =2P(2%) — 2* =2(="). (1.1.3)

ToxnmecTeenHoe npeobpa3oBaHue, KOTOPOE He MEHAET YCTAHOBMIERHOE
COOTBETCTBHE, CeAyeT HashaTh eAMHHYHLIM. CleAoBaTeAbHO, COBOKYH-
HOCTb acex donycmumbix Koopdunamusx npeobpasoeanuii obpasyem 2pynny.
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Purc. 1.2. [pynna ponyCtvmpix xoopauMsaTHux npeobpasosanwi

Bce NOMYCTHMBIE CHCTEMBI KOODAWHAET SIBJAOTCA PABHONMPABHBIMM, W
HECYIIECTBEHHO, €C/IH 3T0 0COB0 HE OTOBOPEHO, M3 KAKOW CHCTEMBI
KOOPIWHAT 3TOr0 MHOXECTBA HYXHO WCXOIHTS,

V. Cuaexaem psan saMeuanuii OTHOCHTENBHO XapaKTepa UCTIONbL3YeMOit
MATEMATHYECKOH MOIETH.

¢ B TeoprH OTHOCHTENBHOCTH (CIIELTHATEHOI H 0CO6EHHO B 061eH)
HET HeOBXOMMMOCTH (M OCHOBaHWI) TPeGOBATh HATHYMST KOODANHATHOM
CHCTEMBI Cpa3y JUIs BCEIO MHOXECTBa COOLITHI MATepuajsHOIO MUpa.
JIOCTATOMHO NOAAraTh, NTO OONYCTUMBIE KOODOWHATHLIE CHCTEMEl Cy-
ILECTBYIOT JUIA M3Y4YaeMbIX FIOAMHOXECTB (buinueckux cobbITHH.

» B Teopu# OTHOCHTENLHOCTH HeoOX0MMMO TpeGoBaTh JIHLLL COOT-
BETCTBME PACCMATPHBAEMOTO MHOXECTBA (DH3AMYECKUX COOBITHIL HEKOTO-
pomy (B 061leM CITY4ae IMCKPETHOMY) IONMHOXECTBY ApUMMETIHECKIX
TOUYEK TIPOCTPAHCTRA, OAHAKO MOMYATHBO IIpENTIoIaraeTca 6osiee chilb-
HOE YTBEPXKIEHME O HATHYHH PHIMUCCKHX COOBITHIt, COOTBETCTBYIOLIMX
BCEM TOYKAM ApUPMETHUECKOTO NMPOCTPAHCTBA MM OTAENBHBIX apud-
MeTHUeCcKHUX obnacreil. B OonbIHHHCTBE 3amay KIaccHdecKoi (H3HKH
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370 AOMYCTHMO, OHAKO B HEKOTOPHIX CJAy4asX OHO MOXET IIPMBECTH
K paay HelopasyMeHHIt.

1.1.2. OCHOBbI TeH30pHOH anreGpb

|. B Teopum OTHOCHTENBHOCTH PACCMATPUBAETCS PAN PHIMIECKHX H re0-
METPHYECKHX BEIMMMH, TAK WIM HHAYE XapaKTepU3IVIOUIUX IIPOMCXONA-
IME B MATEPHANTBLHOM MUpe COOLITHA, IPHUeM ITH BEIUYHHBI, KaK rpa-
BHIO, COCTABILIIOT HeKHiA HaOop YMCNeHHBIX 3HAYEHWH, MPUBS3aHHEIX
K TOYKaM-COBBITHAM, & CISAOBAaTEAbHO, H K apU(METHMYECKHM TOY-
KaM. OKajeIBaeTcHd, B TEOPHH OTHOCHTENBHOCTH HCNIONBR3YIOTCA HE BCE
BO3MOXHBIE MBICJIHMbIE. HAOOPDH BeMHYMH, 4 JMIUL CICIHANBHEIC HX
KJIACCH!, XKECTKO MPHUBAIAHHBIE K CBOMCTBAM OOMYCTHMbIX KOODAMHAT-
HBIX CHCTEM M CHHXPOHHO (M0 [PYIIOBOMY 3aKOHY) M3MEHSIOLIMECH
NpH Nepexone K MHbIM JOITYCTHMbIM KOODAMHATHEIM CHCTEMAaM.

3To HaknaapiBaeT PsA YCIOBHHA Ha MCIIONB3YEMBIN Kiace dpusHue-
CKuX BenuyHH. Ilpexae Bcero, YMCIO BEIMYMH M B HaGOpe AO/KHO
BbITh Henoi creneHbio N pa3sMepHOCTH NPOCTPAHCTBEHHO-BPEMEHHO-
ro MHOrooBpasus m = 4" , YTO IIPMHATO M300PAXKATH COBOKYTIHOCTBIO
13 N GykBeHHBIX MHAEKCOB. ByzeM HMCIOIBIOBATH rpeyeckue MHIAEK-
Chl, nipoferaouiue B Xnaccyueckoit OTO yernpe snauenust: 0, 1, 2, 3,
Hanpumep, B(z)|p] xapaxrepusyer HaBop U3 YeThIpex BEJIMYMH B TOY-
ke z, B(z)[pr] — Habop u3 16 xoMOoueHT M T. 4. B nanbHelimeM 6e3
0c00oit HanoOGHoCTH He OyIeM YKalblBaTh apryMEHT , roe ONpeneseH
HAbOp BeNMYMH, 2 HHAEKCH OyaeM NMCaTh He B XBAIPATHMIX cKOOKax,
4 CBepXy WIK CHU3Y CIIpapa.

Il Cylecrsyer 18a ¥ TONBKO 1BA 32KOHA TPYNIIOBHIX NPEOGpPa30BaHMi
HaGopoB BeIMuMH, COOTBETCTRYIOIUUX IPYIIIIE AOMYCTHMbBIX KOOPIHHAT~
HEIX TipeoGpa3zoBaHui:

. ax's Hx' oz'* oz
Bl#u-.z . . aﬁ...= . aﬁ.. .
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IpeobpasyiouiHecs nonobSHEIM 00pa30M BEJIHYMHBL HA3BIBAOTCH MeH-
sopamu (cM. (10, 13]) Tensopnl, mpeobpasyloiuuecsd IO NEpBOMY 3a-
KOHY, Ha3blBalOTCA KoHmpasapuaHmubimy (UHIEKCHI MHLIYTCA CBEpXY),
a o BTOPOMY 3aKOHY ~— KOGapuaHmusimi (MHAEKCH IHLIYTCA CHHU3Y).
BoaMOXHEI ¢cMeIaHHBIE TEH30PB MPOM3BOARHOro panra. TeH30p Hyne-
BOTO paHra — cxaisp (MMCI0, KOTOPOE HE H3MEHSETCA Nph npeobpaso-
BaHMAX KOOPIWHAT); TEH3OP MEPBOTO paHra — sexmop. [1pocTeitnmm
NMPHMEPOM KOHTPAaBAPHAHTHBIX BEKTOpOB ABNACTCH Habop n3 nudde-
PEHIIMANOB CAMHX KOODIAHHAT, 3 MPHMEPOM KOBAPHAHTHBIX BEXTOPOB
MOTYT CJIYXHTE KOMIIOHEHTHI [PDafWeHTd CKAIAPA.

Jng ynpoluIeEus 3anicH TPHHATO He NUCaTh 3HaKU CYMMBI M O~
pasyMeBaTh CYMMMPOBaHHE BCSKMI pa3, KOTJZ2 BCTPEMAIOTCH JBA ONH-
HAKOBBIX HHAexca (OOMH cBepXy, a Apyroii cHM3y). Tak, 3akoH npeob-
pPa30BAHHMA MPOUIBOJBHOTO TEH30pAa HMEET BMIL;

b _ ozt dx” 8zt b’
e agis @zt Bzt dxe Ageee

Beakuit IBaOKOBEI BCTPEYAKOMIWACT MHAEGKC, 4aCcTO HAa3bIBAaeMBIH «He-
MBIM», MOXHOQ 3AMEHHUTh JIIOOBIM IPYTUM.

(1.L6)

I}, B MHOXeCTBE TEH30DHBIX BEJMYMH ONpEAETeHEl TPU ONEPALIHH:

1) Onepayus caoxcenun u 6biuumanus TEH3OPOB OJUHAKOBOIO paHIa
M OOMHAKOBOH KQBapHAHTHOCTH, T. €. ¢ OJAMHAKOBBIMM YHCIAMHU
COOTBETCTEEHHO KO- M KOHTPABAPHAHTHBIX HHACKCOB:

o - af- .-
AZ B =R (1.1.7)
B uTOre NoAy4aeTca TEH30D TOIO PAHTa U TOIH X KOBADHAMTHOCTH.

2) Onepayus snewnezo npousgedenus ABYX i Gojee TEH3IOPOB:

AL B =CnE (1.1.8)

B pesynbrare nosysaeTcs TEH30p, PAHI KOTOPOIO paBeH CyMMe
P&HTOB ClaraéMuix TEH30DOB.

3) Onepayus snympennezo npoussederus TEH30POB
A'“”"'B,m... =Cy (1.1.9)

TIPUBOINT K TEH30PY, DAHT KOTOPOTC PaBeH CYMME paHros ciarae-
MBIX TEH30pOB MUHYC YIBOSHHOE YHCITO HEMBIX WHICKCOB.
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IV. Tensop B, Ha3uiBaKOT cumMempuuuM, eciy By, = B,,. Tenzop
A,y HA3LIBACTCA GHMUCUMMEMPUYHBIM, €CTTH Ay, = —A,,. 11060 TeH-
30D C IBYMS HHASKCAMM OJUHAKOBOM KOBAPHAHTHOCTH MOXHO IIpecTa-
BHTh B BMAE CYMMBI CUMMETPHYHOTO M AHTUCMMMETPHYHOIO TEH30DOR:

_ Cﬂu +Cpp + pr - Cyp
2 2

BHyTpenHee npoW3BefEHHe N0 HBYM MHICKCAM CHMMETPHYHOTO
(Mo 3THM HMHOEXCAM) TEH30pa HA AHTUCMMMETPHMYHBEIA (MO 3TUM Xe
mmexcam) pagHo Hymo. JlefiCTBHTeIBHO, TYCTh B,,,. — CHMMETpHYHEIA
TEH30D, 2 Ap,, — AHTHCHMMETPHYHHIH TEH30p, TOTAA MMECM LETNOYKY
COOTHOLIEHHINA;

By, A" = ~B, A" = B, A" = -B, A" =0,  (LL1I)

(1.1.10)

TOCKOABKY TONbLKO HYJIb MOXET OHITh paBeH cefe ¢ OOpPaTHEIM 3HAKOM,
3aech NMpH mepexone K IPEANOCIeIHEMY COOTHOWEHHIO OBUIO IIpOMH3-
BEIEHO MPOCTOE Nepeo0o3HaYeHye ABYX NAp «HEeMbiX» HHIEKCOB,

V. s ycTaHORNIEHMsS TPAHCGOPMAIIOHHEIX CBOWCTB BEJIMYUH [MO€3Ha
CMpo2as Meopema Hacmno20. HEN3BECTHASA BETMIMHA ABNAETCS TEH30POM,
eCM €€ BHYTPEHHEe TPOM3BENeHME C [POM3BOILHEIM BEKTOPOM (TeH-
30poM) ofpa3syeT TeH30p.

Hoxaxem 31y TeopeMmy. Ilycts A(afl) — BeaMUMHA C HEM3BECT-
HBIMH TpaHCHOPMAUMOHHBIMH CBOHCTSAMM, & B? == IIPOUIBONBLHBIH
BEKTOP M NYCTb M3BECTHO, YTO

A(ep)B® = C, (1.1.12)

obpasyer Bextop. TpeGyerca noxasars, 4To A(af) siBNsIeTCs TEH30DOM.
s 3Toro mepeiizeM B mTpMXOBaHHYIO KOODAMHATHYIO CHCTEMY, Ifie
MOXHO JarncaTh
! F
A(pv)B” = C,,. (1.1.13)
Hcnonbsys TeH3opHbii 3aKoH npeobpasoeasuit (1.1.6), us (1.1.13) Ha-

X0oMM

33 8zP
.I'p 33"’

oz°
az "% B

AlaB)B".
(1.1.14)

AI (ﬂV)BW —
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Cobupasi BMECTE MEPBOE M MOCIeAHEe BHIPAXKEHWA W BLIHOCH 3a CKODKY
061IEE CArAEMOE — TIPOM3BOIBHKIL BekTop B’ | — npuxoaum K coort-
HOIICHRIO

0z% 0z
f —_—
IOKAa3bIBAKOUIEMY T6H3Op}lb}l'71 3aKOH l'lpeOﬁpaBOBaH}'lﬁ BCIIHYVHBL
A(aﬁ) — Aaﬂ.

VI. Bech MaTeMaTHYeCKwii alnapat COBPEMEHHON TEOPHU TPABHTALINN,
T. €. OOIEH TEOPHU OTHOCHTEABHOCTH, OITMCHIBACTCA Ha A3KKE TEH30p-
HBIX BETHUYHH, 0e3 UCTIONL30BaHUA KOTOPBIX €€ COAEPXaHNE CTAHOBHT-
cq HAaCTOJILKO TPOMO3NKKM M HEPO3IPajvHbIM, 9TO B HEHl Ype3sbuaiino
TPYTHO OPMEHTHPOBATHCA.

Haxkowen, momyepkHeM, 4TC B 00IUCH TEOPHH OTHOCHUTEABHOCTH
MOCPEACTBOM TEH3OPOB ONMMCHIBAIOTCA BEMWYMHBL IBYX COPTOB: TE0-
METPHYECKHE XapaKTePUCTHKH IPOCTPAHCTBA-BpeMeHH K (DH3NYeCKHE
MTOHSTHA, BHOCHMBIE B NpPOCTPAaHCTBO-BPEMA H3BHe. Takag ABOHCTBEH-
HOCTE TIPOHH3BIBAET BCE COAEPXKAHNE oBLIelf TEOPHH OTHOCHTENBHOCTH.
3T0 OCO3ZHABAIOCH KAK ee co3narelieM, Tak H OONBUIMHCTBOM ee MC-
crmegoBaTeneif, KOTOPBIE CTPCMWIMCE Da3sBHTb H ODOOIIMTE €€ TAKHM
o0pa3oM, 4TOORI BCE TOHATHA TEOPHH HOCHIN HCKTIOYHTEALHO TEOMET-
PUMECKMM XapakTep.

KonTponbHble 3aganms

1. [loka3ats, 4yTo B 4-MePHOM NMPOCTPAHCTRE BCE 256 KOMMOHEHT aHTH-
CHMMETPUYHOIO {10 BCEM MHIEKCAM TEH30Da YETBEPTOTO PaHra B,y
NPUHUMAKOT OHO H3 TpeX 3HadeHuid; +8, 0, —B.

2. [lokasarb, uTO BeaMUMHA B B IpelbiaylleM 3aladHdM HE SABIASTCH
CKAApOM,

§ 1.2. MeTpuveckui TeH30p

CaMbIM TNaBHEIM TIOHATHEM B OGIIEH TEOPHM OTHOCHUTENIBHOCTH
W BO Beelt (PHSHKE SABIACTCA Mempuxd, T. €, BEUIECTBEHHOE YHCMO, KO-
TOPOE COMOCTABNAETCS C ABYMA TOUKaMM (coOuiTusmH). B reomerpum
EBMIa — 3TO KBaOpaT PacCTOSHHA MEXAY TOYKAMM, B TEOPAM OTHO-
CHTETBHOCTH — 3TO KBARPAT WHTEPBANA MeXIy AByMst CODBITUAMM.
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1.2.1, O6o06ujenna Teopemn: Nugraropa

KaK 3Tto HM cTpaHHO, HA MEPBLIA BImAd, HO Ha CyTh O0uIeil Teopuu
OTHOCHTEJbHOCTH U BCEH IEOMETPHYECKON KapTHHBEI MHpPa MOXHO IIO-
CMOTPeTh Kak Ha obobiueHHs Teopemblt [ludaropa, mpHYeM mo aByM
KaHATaM: a) YBeIMYEHUIO PAa3MEPHOCTH M §) mepexoly K MCKPHBIEH-
HBIM MHOroo0pazuaM.

la. Haunem ¢ Teopemst [Tudaropa Ha TwiockoctH (B 2-MEPHOM rhoc-
KOM NPOCTPAHCTBE)

Al = (A:c‘)i + (Arh?, (1.2.1)

rae Az’ u Azt — JTMHEL IBYX KATETOB, WIM, YTO ONHO M TO Xe,
Pa3IHOCTH NEKAPTOBHIX KOODIMHAT NBYX PACCMATPHBAEMEIX TOYECK.

1 6. Ewe B nepsoit nonosude XIX Bexa K.Tayccom 6pita paspabora-
Ha TeopHA 2-MEPHHIX MCKPHBIEHHBIX TIOBEPXHOCTEH, Ha KOTODHIX YKe
HEBOSMOXKHO OIpEe/IiTh NPAMOJIMHEHHLE IeKAPTOBE KOOPIMHATEI,
B ocHoBy Teopny [aycca OuUI0 OACKEHO, BO-NEPBLIX, 3aJaHUE paccTo-
SAHUA MEXIY ABYMS 6Au3KuMU TOYKAMH HA NOBEPXHOCTH (cM. pHc. 1.3)
H, BO-BTODBIX, BHECEHNE KOPPEKTHB B ONpeleleHUe KBaapaTa paccTod-
HHUs, Tak 4TO opmyna (1.2.1) npuHuMaeT Bu

d’ = g (dz')’ + gn(dz’)’ + 2gy; dz'da?, (122)

e KODQUIMEHTH G¢pn(T) — GYHKIMH KPHBOMWHEHHBIX KOODIHHAT
Ha WCKPHMBIIEHHO® 2-MepHOW NOBEPXHOCTH. PaccToAHNe MeXIy TpOH3-
BONBHBEIMH BYMSI TOUKAMM ONPEICIITIOTCA B BHAC HHTEIPAana BAOAL Kpar-
yaiieit WIH BAOAb KAKGH-TO APYTOH KPUBOIA, COENMHAIOUICIH TBE TOYKH.

Il a. B 3-MepHOM eBIJIHAOBOM NPOCTPAHCTBE KBANPAT DACCTOAHHA
MEXIY JBYMS TOYKAMH ONPEAEIAETCH MOCPEICTBOM YBEIMYEHHA HA O~
Hy KoopauHaTy opmyian (1.2.1} (teopemnt [Tudaropa):

AP = (Ag') + (Az?)? + (Aad). - (1.2.3)
Tpyono cka3aTs, KeM BHEPBHIE 3TO Gbito caenaHo. M3BeCTHO aMUIbL TO,
4yTO Takas GopMy/Ia nucanacsk Jdexaprom.

11 6. OGoGmenve dopmyne (1.2.2) Ha cTyuait HCKPHBIEHHBIX 3-MepPHBIX
TIPOCTPaHCTB 6BUTO cicnaHo b. PUMaHoM B TeKIIHN, B CBOE BpEMS BOOIY-
wesuBiieH Taycca. OH HCNONB30BAN PasBHTYI0O JAyccoM TEOMETpPHIO
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o

Puc. 1.3. CMeileHA Ha 2-MEQHOM MCKDHBAREHHON NOBBPXHOCTH,
rae 3aa3Hb KPUBONMMHERWHLIE KOOPOMHATEI

2-MepHBIX KPUBBIX IOBEPXHOCTEH M BBEJ MOHATHE «MHOTOKPATHO Npo-
TSDKEHHBIX BEIMYUH», O3HAYAIOILEE, YTO NPOCTPAHCTBO — BCETO NUILbL
TPEXKPATHO IIPOTAXKCHHAR BeJHYHHA, ANsl KOTOPOH ITOAXONAT METOLHI
OMHMCAHUA 2-KPaTHO NPOTSXEHHBIX BEIHYUH, T. €. KBAAPAT ATHHBI MEX-~
Qy OAByMsl OHM3KHMH TOYKAMH B MCKPHBIEHHOM NPOCTPAHCTBE JAOJXKEH
MMETb BUI, aHIOTHYHBIH (1.2.2):

3003
a?=3" 3" gy de’ do* = gy da’ dot, (1.2.4)
i=1 k=1
e gir(z) — Ko3)dHUUMEHTH — KOMIUIEKCHBIE KOMITOHEHTh! METPHKH,
3aBHCHIIME OT TPEX KOOPAWHAT. 31eCh MCTOI30BAHO paHee BBEACHHOE
NPaBUIIO: TI0 KBYM OIWHAKOBBIM MHEEKCAM (CBEpXy M CHH3Y) Toipasy-
MEBASTCH CYMMUpOBaHWE, — B JAHHOM ciaydae ot | jmo 3.

lll a. Cornacro creumanbHON TEODHH OTHOCHTENIBHOCTH, TIPOCTpAH-
CTBO ¥ BpeMA 06pa3yioT egpHoe 4-MepHOe MROroobpasie. Teneps Kmo-
YeBHIM BHIDAXCHKEM SIBNISETCS KBAApaT WHTepBama As’ MEXIY AByMs

COOBITHUAMH, KOTOPHIM TIPEACTABANAET ¢oboil o0obmeHue TeopeMbl TTu-
¢haropa Ha eule QIHO UIMEPEHHE M HA NCEBLOCRBKIMIORY CUTHATYDY:

As* = (eAt) - Al = (Az°) - (Az') - (AZ?) - (A2%) =
= Azt Az, (1.2.5)

me At = Az’/c — PA3HOCTH BpEMEH MeXAy MBYMS COOBITHAMHY, OCTANb-
Hbl¢ 0003HaYEHUs TIPEXHHE.
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11 6. B ymomanytoii po Bpenenuu paGorte Diiswteiina u [poccmana
Oblna 3amycata (opMysia )0 KBAAPaTa HHTEpBaia B 4-MEPHOM HCKPUB-
NeHHOM NPOCTPAHCTBE-BPEMEHH

ds® = g, dz* dz”. (1.2.6)

3xech v Janee IpeYecKre MHACKCH Mpoberalor HeThipe dHadeHs: 0, 1, 2, 3,
HO KOTOPBIM HOApasyMeBaeTcs cymMmmupoBanve, OyeBMaHO, 9T0 3Ta (hop-
myna 06o6ILaeT MeTpuKky (1.2.5) B crielMansHOI TEOPHHM OTHOCHTETEHOCTH.

Taxum obpazoM, B ocHoRe 3MHmTeltHOBeKoH OTO Jexwr npen-
CTRRIEHME 00 MCKPHBIEHHOM (PMMAHOBOM) 4-MEPHOM NPOCTPAHCTBE-
BPEMEHH, B KOTOPOM KBAJDAT MHTepBana (MApHOE OTHOLIEHKHE) MEXIY
nByMsl GIM3KMMH COBBITHAMH, PazTHYAIOITMMHUCH KOODIAMHATAMH dz”,
sagaercst hopmymoit (1.2.6).

1.2.2. MeTpMueckuii TEH30p u ero CBOWCTBA

|. B dopmyne (1.2.6) koadduumerTst 9w , HA3bIBAEMBIE KOMITOHEHTAMHU
METPHYECKOIO TEH30PA, MOXKHO TIPEACTABUTE B BUAS KBANPATHON MATPHLIEL

Goo For G0z Gu

= |90 gu g2 g | (1.2.7)
o Fn 92 95
w 9n 9n 4un

ITH BENWYMHE!, 3aRMCAUIME OT KOOPAHHAT, OTIHCHIBAIOT METPUUYECKUE
CBOJCTBA 4-MePHOTO NPOCTPaHCTBA-BPEMEHH H OHOBPEMEHHO ABNSIOT-
CAl TEH3OPHBIMH TTOTEHLIMATAMH MPAaBHTALIMOHHOTO «IT0g». C HOMOLIBIO
CTpOTOl TeopeMpt YacTHOro, Koria dz" moHMMaeTes KaK NMPOM3BOMb-
HEIf BEKTOp, 4 cmpaBa B (1.2.6) CTOMT CKansAp — TEH30D HYJIEBOro
paHra, — JIETKO MOKA3aTh, YTO @y, ABISETCH KOBAPHAHTHHIM (METDH-
YeCKWUM) TCHIOPOM BTOPOTO DanTa.

Il. Tpencrasum METPUYECKMH TEH3OP B BULE CYMMb CHMMETPHYHOI
U aHTHCHMMETPUYHOI yacTeit:

Guv = Guv) + Qiuv)s (1.2.8)

TEE G(us) = Yww) ¥ Giuw) = —Gwy. Bemmumna dz’ dz” 8 (1.2.6) —
CHMMETPHYHLIH TEH30p BTOPOTO PAHTA, CIENOBATENBHO, JUTA OTpeacie-
HIISE KBAJIpaTa HHTEPBAIA (METPHKH) aHTHCHMMETPUYHAA YACTb METPH-
4eCKOr'o TCH30pa HecyllleCTBeHHa, NoatoMy Ge3 yillepba A o6LUIHOCTH
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CJIEMYET CYMTATh METPHUECKMIA TEH3IOP CHMMETPHYHBIM, DTO 3HAYUT, YTO
B CaMOM OOHIEM clyyae B 4-MepHOM NPOCTPAHCTBE-BPEMEHH METpHYE-
CKMH TeR30p MMeeT 10 pasnnyHbIX KOMMOHEHT, [I€ KOMIOHEHTb Hal
[JIABHOM OMaroHa b0 B {1.2.7) paBHB KOMINOHEHTaM MOX AMATOHAIBLIO.

IHl. KopapHaHTHbIM KOMITOHEHTaM METPUYECKOID TEH30PA g, CTABAT-
CSl B COOTBETCTBUE KOHMPABAPUAHIMHBIE KOMROHEHMb! COIIACHO dopMyIie
A#y

B = , (1.2.9)
9 g

e ¢ = ||gu || — onpeaenurens, a Ay, — anreGpanuecKoe IOMONTHEHKE
COOTBETCTBYIOWIETO 3MEMEHTAa MaTPHIIBI (g, ). BHYTpeHHee nponssenenme

9" 9u0 = 95 (1.2.10)
IO H3BECTHOIT TeopeMe areOpl Mpencrariset coboit cuiMeon KpoHekepa:

1, ecmu o =v
% = 0, ecrm 0 #v = (1-21)

IockonkKy B BHpaXeHHR
¥ nd¢ g
gﬂ’B = B )

CNeBa CTOMT IPOM3BOJBHBIA BexTop B’ a cripapa Taxke MonyyacTcs
BeKTOp (TEH30PHAs BEIMYMHA), TO TI0 CTPOTOI TEOpPEME YACTHOTO g,
ABIAECTCA TEH30POM, COBITANAIOIIUM C cHMBONaMKk KpoHexepa. Oty Be-
JTMHUHY HA3bIBAIOT CMEUIAHHBIM MEMPUMECKUM MEHIOPOM,

3anucas mEenmodKyY COOTHOHICHHI

9‘“”3# _ g.uu(g‘wBa) — (g“"g,,g)B“ — g;Ba — Bu’

Ha OCHOBE CTPOTOM TEOPEMB! YaCTHOO MPUXOAWM K BbIBOAY O TeH-
30PHOM XapakTepe BeAWqMHbI ¢"°, HaabiBaeMOM KowmpasapuaHmibim
Mempu4ecKum meH30poM.

C noMolplo METPHYECKOTo TEH30pa TIOTHHMAIOTCH M ONMYCKAKTCH
WHIEKCH! NPOU3BONBHEIX TEH30POB (IIPOM3BOAHTCS «KOHTMPOBAHHE»
HHAECKCAMH), HaNpUMep

Buaguy = By; B'ug:w = B,.
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IV. B mo6oif nmpon3BoibHOi TOYKE NPOCTPAHCTBA-BPEMEHHM KOMIIO-
HEHTHI g, BHOOPOM KOOPAMHATHON CHCTEMb BCETNd MOXKHO NIPMBECTA
K KAHOHHYECKOMY BHAY

goo Y01 Go2 9w +1 0 0 0

Qv 9n J2 93 0 -1 0 0
v = — = s
9u g 9u 91 9n M 0 0_ -1 0

g §1 gn 9n 0o 0 0 -1

(1.2.12)

COOTBETCTBYIOLICMY 3HAYEHUAM METPUYECKOrO TEH30PA 1}, B ClEuu-
A/IbHOH TEOPHM OTHOCUTENBHOCTY B IEKaPTOBEIX KoopauHaTax. Koopou-
HaTHas CHCTeMa, B KOTOPOH METPUYECKMIA Tel30p (B H3GpaHHOI TOUKE)
umeeT Bux (1.2.12) cripaBa, HAa3LIBAETCH 10KAA6HO OeKapmogoii Koopdu-
HAMHOU cUCMeMol,

V. Cymmy auaroHaIbHbIX 31€eMeHTOB MaTpuinl B (1.2.12) cripasa Ha3bi-
BAKOT cuzramypoii. COrnacHo M3BECTHOMY B THHEeHHOW anreGpe 3akOHY
HHEPLUY KBAAPAaTHYHHX GOpM, CUTHATYPa NPEICTABAdgeT CODOH HHBA-
PUaHTHOE CBOHCTBC NTPOCTPaHCTBEHHO- BPEMEHHOTO MHoTooOpasus. Ee
HEXB3A UIMCHHThH HHKAKMM JOMYCTHMEIM KOOPAMHATHBIM [Ipeo6paio-

paHueM, B ofimei Teopimit OTHOCHTENLHOCTH HMEEM CHTHATYDY 8 = —2.
YacTo oA CHIHATYDOI MOHMMAIOT SKBUBATEHTHBINH AAHHOMY OTIpEOE-
NEHHIO BUI CTPOKH M3 3HAKOB NPH ¢IMHHLIAX HA AMaroHamu {+ — — — }.

O6paTM BHUMAaHHE HA TOT (haxT, YTO pAJ ABTOPOR HCIIONB3YET CHT -
HATYPY ¢ (IPOTHROIIOAOKHBIMY 3HAKAMU (— + + +). lpHHUHNIHATBHO
3TO0 HEe MCHAET BbiBOAAI TEOPHUH, — HIMEHANWTCH JIH1lb 3HAKW B He-
xOTophix dopmynax. TIpH omucaHMy KIACCHYECKHX ACNEKTORB (PUINKHU
BLIOOP OIHOM M3 ITHX IBYX,BOIMOXHOCTEH HE CYIECTBEH W SIBSETCH
TIPEJAMETOM COT/1alleHUA, OOHAKO B MUKPOMMDE IIPH MCTIONB3OBaHHH
CIMHOPOB CleyeT NPOSBISITL OCTOPOXHOCTE. [loHATHE CMHOpA vyB-
CTBMTENLHO KAK K PaIMEPHOCTH MHOrooSpa3Hs, B KOTOPOM OHO BBO-
JATCS, TAK H K €70 CHTHATYPE.

VI. BepHemcs K OTpeNENUTENI0 METPUYECKOTO TEH30pA ¢, MCTIONB3O-
BaHHOMY B (1.2.9). Ero MOXHO TIpeACTaBHTb B BHJIE

€a,ﬁ‘7J€yuAa
9 =19l = ——3— " gou 9pv 912 940 (1.2.13)
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L€ BBEACH MOMHOCTBIO AHTHCHMMETPHYHDBIH MO BCeM MHIEKCAM CUME0A
Heeu-Husumst, oBnagaoWKi cCBOHCTRAMMY:

(41, ec/H KOMTIOHEHTb! NIPMBOAATCH
K koMOHHamMK 0123 yeTHEIM
YHCIOM TEPECTAHOBOK;

e — 1 0, ecan ects cosnanaromye HHIEKCH; (1.2.14)

—1, eCIH KOMITOHEHTE TIPHBOASTCS
K koMOuHauwnn (123 HeyeTHBIM
YHCIOM TIEPECTAHOBOK.

\

Cumpon JlepH-YHBUTEH He ABRNAETCA TEHIOPOM, 4 ONpPEACTKTEND ¢ HE AB-
Jisterca ckainpom. [ocneanuit npeobpasyerca 1o 3aKOoHY

rae J — AKoGuaH NMpeodpaloBaHUs KOOPOMHAT, TIPEICTABHMEIH Yepesd
KOMITOHeHTSl cumBoaa Jlepu-UHpHTHL B BHIE

e3¢ 5, Ox'H Bz B’ B0
o4 dze §zf d9r 8zt
VIl. B o6umeil TeopHH OTHOCHTENBHOCTM HE OTIPEAENEHA OTepalHs

VHTETPHPOBAHMA TEH30PHHIX BEFIMUMH, OHAKO MOXIIO WHTETPHPOBATh
CKa/IsipHbIE BEAMYMHEL. JIETKO BHIOETH, YTC 3eMEHT 4-MePHOTO 00beMa
d*z = d2° dz' do® dz® ne smnsercs TEH30pPOM, 4 mpeobpasyeTrcs npu
noMouH siko6uana (1.2.15). Jins nony4eHuss HHBAPUAHTHOIO INEMEHTA
obbeMa HeoOXoAMMO 0Opa30BaTh NPOH3BEASHHE

Vogdir = /=g dz’ de' da’ d’, {1.2.16)

TAK 4TO MHTEIpaid no 4-MepHoit 061acTH OT IPOM3BONBHOM CKalApHOM
BeNWYHHLI B 3aNUCHIBAeTCH B BUIE

[fffﬂﬁaxﬂ de' dz* de’. (1.2.17)

YacTto BMECTO 4YeTBIpEX 3HAYKOB MHTETPHPOBAHUS ITHINYT JIHMIL OJXHH
d'z. TIponzBeneHne HEeKOH TPOW3IBOTBHON, He OBA3aTENBHO CKAIsP-
HOM, BEJTMYWHEI HAa KOPEHb KBAIpATHBIH OT ONPEACITHMTENA METpHYe-
CKOTO TEH30Pa HA3SBIBACTCH HAOMKMOCHSIO Mol sealmuns W, Domee

(1.2.15)
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TOYHO, ILTOTHOCTBIO Beca ILTIOC eAMHMUA, Hanpumep, vacTo ucmonmssy-
€TCA [UIOTHOCT KOHTPaBapUARTHOTO METPHYECKOTO TeH3opa +/ —ggh”.

1.2.3. KOHUENnTyaneHbie BONPOCH BBEAEHUS METPUKK

B pomonHeHHE K H3NOXKCHHOMY MATEPHATY KOCHEMCS HECKOTBKHX KOH-
HENTYAIIBHBIX BOTIPOCOB, CBA3AHHBIX ¢ MOHATHEM MCTPHKH.

l. Mpexae Bcero, ciaenyeT HamOMHMTh, YTO yxeé B MeMyape b. Pu-
MaHa «Q TMIIOTE33aX, JEXAMKWX B OCHOBAHUSIX ICOMETPMM» CTABHMJCH
BOMPOC O <BHYTPCHHEH NpPMUHHE BO3HUKHOBEHMA METPHUECKHX OT-
HolleHHH B mpocTpaHcree». [Io 3ToMy moBony PuMaH mucan, «yto
B ¢lydae JUCKPETHOrO MHOroo0pasus MPUHIMII METPHYECKHX OTHOLLE-
HMif CONEpPXMTCS YK€ B CaMOM TIOHATHH 3TOro MHoroo0pasus, Toria
K&K B CJIyyae HEIIPEphIBHOIO MHOTOOBpA3KUa €r0 CIEAYET MCKATE [1e-TO
B apyrom Mecre. OTclona cjieayeT, 4TO WIH TO PeajabHoe, 4YTO Co3aa-
€T MIEIO IlpOCTpaHcTBa, o0pasyeT AMCKPETHOE MHOroolpasne, WIH Xe
HYXHO [BETATECH O0BACHUTE BOHUKHOBEHHE METPHYSCKHUX OTHOLIEHUH
YeM-TO BHELIHHM ~— CWIAMH CBS3H, ACHCTBYIOLIMMH Ha T0 PealbHOS»
[11, c. 32]. 3aBepuraercs 310 OGCYXIAEHUE CTOBaMU: «37eCh MBI CTOHM
Ha mopore obnacty, npuHagAexaed Ipyroi Hayke — ¢QU3MKe, U Me-
PECTYTIMTE €r'0 He JaeT HAM MOBOAa CErOMHAINHAN AeHE».

Ha stor MoMeHT MeMyapa PumaHa ofpaTun pHMMaHHe A. DifH-
LITEHH, NHcaBmIni: «PUMaH NpuIIes K CMEI0i MBICIH, YTO NeOMETpH-
YecKMe OTHOILICHHS Tel MOTyT OHTb 0OYCITORNICHB (DHAHYECKHMM TIpH-
YHHaMHU, T.e. ciiaMi, TaxuM oOpa3oM, [MyTeM YHCTO MaTEMATHYECKHX
paccyxaeHuit OH NpUIIET K MBICTH O HEOTAEHMOCTH TEOMETPHH OT (-
sukm» [15, c.181].

B HacTostimuit MoMeHT MOXHO §osTee onipene/IeHHO ¢Ka3aTh O [Ipu-
YHHEe BOZHHKHOBEHHA METPHYECKUX OTHoHleHHH. B xinaccuyeckoi teo-
puu (reoMeTpuu H HU3MKE) TOHATHE METPHKM B KOHLE KOHLOB 0Gy-
COBAEHO CYETOM OCYLUECTBMBLIMXCH COOLITHH, TOIIA Kak alanor MeT-
PHKYM B MMKDOMHDE OSHCTBUTEIBHO CBs3aH ¢ QMIMYECKHMMH B3aHMO-
AeHCTRYSIMM.

Il. IIpyroii TpMHIMITHaNLHO BaXHBIN BOTIPOC, TAKKE OOCYXIABIMIACH
B Memyape PuMaHa, cBg3aH ¢ 060CHOBAKNEM KBADATHHHOTO XapaKTepa
MeTpHX#. B o0uiem crygae BEeIeHNE MeTpKy O3HavaeT IaaHHE IBYX-
TOYEUHOM CKATApHOi GYHKIWH I(2(1), T()), YACTO Ha3BIBAEMON «MHPO-
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BOH dyHKUMed». B inddepeHUMAILHON reOMETPUM METPHKA 3a1aETCH
MHOHUHUTEINMANBHO, T. €. s ABYX 61H3KUX Todek, Koraa I(z, z + dz).
Ha mMupoBy10 GyHKLHIO HaKNAARBAKTCA YCIOBME DABEHCTBE HY/IO TIPH
COBNAJEHHUH APTYMEHTOB M YCIOBHE CHMMMETPHH [10 €€ apTyMEHTaM.
PacknankiBas MHpoByIO GYHKLIMIO B PAd M0 d, IErKO yOeAUTLCs, UTO
BCE HEYETHBIE CTEMEHM PAMTIOKEHUS OTCYTCTBYIOT, TaK 4YTO (HYHKLIHA
NpeACTABTICTCA B BUAE

I(z, z + dx) = g dz* d2” + Guoadz” dz” dz” dz’ + ... . (1.2.18)

B puMaHOBO# reOMETPHH KCITONB3YETCSA NPOCTEHLIHN cyyaif, T. . Teo-
DHS CTPOVTCA JAHID Ha TICPROM KBaJPATHIHOM CIIAFaCMOM.

L)

HI. Kax yxe otmedanoch, A onpeneneHus cKaNIpHOR METPHYECKOl
(byHKUMM (HHTEpBala) MEXIY ABYMS1 TOMKAMH CYNIECTRBEHHA JTHIITh CHM-
MeTPMYHAA YacTk METPHYECKOID TEH30pa, TeM He MeHee JWHITEeHH
B NOCASAHHE TOME XH3HH AHATM3HPOBAT (PU3NUECKHE BOIMOKHOCTH
reOMeTpHYECKON TEOPUW ¢ HECHMMETPHMHBLIM METPHYSCKHM TEH30DOM
Guv = G(uv) t 9(uv)- B TAKOH TEODHH CHMMETPHYHAA U AHTHCHMMETPHY -
Has YacTH METPHUECKOTG TeH30pa npeodpa3yloTcd HE3aBMCHMO IpyT
OT ApYTa. DTO MOCIYXWAQ OCHOBAHHEM 1A TIOMBITOK CRA3ATH CHMMET-
PUUHYI0 M aHTUCHMMMETDHYHYIO YACTH € pasTUYHbIMH (GH3HYeCKHMMU
NOHATHAMH: CHMMETPHYHYI) YaCTh — C METPHYECKHM TEH30POM 00-
LUEH TEOPHM OTHOCHTENBHOCTH, & CHMMETPHYHYID YACTh — C TEH30POM
3EKTPOMArHATHOTO nons Ky, .

IV. Wmeerca cepus paGoT Mo HCCIENOBAHUIO TAK HAZBIBAEMbIX Hument-
DUMECKUX Meopuil pagumaunul, B KOTOPHIX HCTIONbIYeTCs HE OOHA METPH-
Ka, & IBE, T. €. 1BA METPMYECKMX TEH30pa Gy H gy, . Hanbonee uspecr-
Ha OuMerpnyeckasd Teopus H. PoagHa, rne BTOpasg MeTpHKa BBOOWTCH
nocTynatieHo. Yallle Bcero B KayecTBS BTOPOH METDHKM BhlOUpaeTcs
METPRKA TIPOCTPAaHCTBA-BpeMeHH MUWHKOBCKOTO.

CepbesHEIe BOIPAKEHNA MTPOTHB TAKMX TEOPHil CBA3AHEI C HENC-
HOCTBIO (PM3WYECKOTO CMEICHA M ¢ npobiemoil HabaogaeMocT BTOPof
METPHKH.

V. Heo/HOKpPAaTHO NOAHMMANCH BOIPOC O BO3MOXHOCTH 060CHOBaHNA
CHTHATYPBL (+ —~ — — )} M pasMepHOCTH R = 4 KJIaCCUYECKOTO TIPOCTPaH-
CTBa-BpEMEHH, ODHAKO B paMKax oGiledl TeOpUH OTHOCHTETBHOCTH 5TH
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BOTIPOCH! BSUI 1M BO3MOXHO peliMth. [1poasuHYTECS B MX pelieHHH
yIaeTcs ML B paMXax F¢OMeTpHit Donpluei pa3MepHOCTH.

VI. Haxowneu, ynomanem eiwe 06 onHoit Baxolt npobieMe, KoTopas
NOAHMMANACE yXe B MeMyape PUMaHa, — 0 BHie METPHUECKHMX OTHOILIe-
HMIT B MHKpOMupe. PUMaH mUcan, 4ro «BOMPOC O METPHUECKUX OTHO-
LIEHHAX NPOCTPAHCTBA B Hemlmepumo MaNoOM He NPUHANICKHUT K YHCITY
npasnHbix (...) DMNUPHYECKME MOHATUS, HA KOTODHIX OCHOBBIBAETCA
YCTAHOBJIIEHHE MPOCTPAHCTBEHHBIX METPHYSCKHX OTHOINEHHIT, — noHs-
THS TBEPIOTO Tella H CBETOBOTO NTy4a, — TOBHANMOMY, TEPSIOT BCAKYIO
onpeJeNeHHOCTD B GeCKOHeYHO MantoM. [1o3TOMY BONHE MBICIMMO, YTO
METpHYECKUE OTHOIEHHS NPOCTPAHCTBA B GECKOHEYHO MAIOM HE OT-
BEY4IOT TEOMETPUYECKHM NOMYLIEHWAM, MBI JEWCTBHTENBHO KO/DKHBI
Obii OB1 TIpHHATE 3TO TIOJIOXKEHWE, eclId OB ¢ ero MoMollsi Qonee
npocro Oblin 00bscHeHb! habaoaaemsie sapaenus» [11, . 32).

KOHTpONbHLIE 3a0aHWA

1. Haiftu uKcnn He3aBHCHMBIX KOMIOHEHT METPHUECKOTO TCH30DA 4-T0
PaHIa Jag, B (1.2.18).

2. Tokasats, yro cumpony Jlesu-Uusuth B {1.2.13) cooTBETCTBYET AHTH-
CHMMETPHYHBIA TI0 BCEM MEHAeKcaM Ted3op Jlepn-UusnTe

Eaﬁ*yd - — 1

= g, (1.2.19)

§ 1.3. YpaBHeHUA reoneanyeckux NMMHui
M KoBapuaHTHoe auddepeHumpoBarme

B ofineil TeopMH OTHOCHMTEIBLHOCTH BAXHYX DOMbL MIPalOT nep-
BEI€ TIPOM3BOHEIE OT METPHUECKOTO TEH30pa 6g;.,,/6xl = Guv - Jlerko
yBeIUTECA, YTO OHM He 00pasyloT TeH3opa, 60Ace TOrD, U3 NEPBLIX NPO-
M3BOMHEIX OT METPUYECKOTC TEH30pa BOOOIIE HEBO3MOXHO NMOCTPOUTD
TEH30PHYIO BEIUMMHY, OTHAKO B TEOPHU BOZHUKAST YCTOHYHBAs KOMOU-
Halus H3 NEPBBIX MPOU3BOIHBIX OT g, , K KOTOPOH MOXHO TIPHITH pa3-
HBIMH NMYyTAMM. ByIeM HCXOMMTh W3 YPaBHEHHHA TEONE3MUCCKHUX TUHHHA.

1.3.1, YpagHeHua reope3nyeckux nuHui n cumeonsl Kpucrodoenn

l. B uckpuaneHHOM MHOTOOGDA3HH reofie3yecKkast TMHHA {WJIH MPOCTOo
TEOAE3MYECKASI) MTPAET POSh NPAMOR AMHWHU IUTOCKOTO NPOCTPaHCTBa-
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BpeMenu. B reproii HeeprMI0BOM (runepGoanyeckoit) reomerpuu Jlo-
Ga4yeBCKOro B KaYeCTBE reoJe3HYecKux BhicTynalwT runepbonsl, B che-
pUUeCKOi reoMeTpHH PuMaHa TakoBLIMU AB1AIOTC AYTH O/ILIIOrO pa-
IMyca. YpaBHeHHS NeONe3HdecKoi HaxomaTed M3 YC/IOBHAA SKCTPeMaib-
HOCTH JUTHHB TWHHH, COETHHSIOILEH NRe BLIGpaHHbIE TOUKH A W B,

B Fi
5[43=Afa(ds)=o (13.1)

TIPH YCTOBMAX HA KOHIIAX
0(ds)a) = d{ds)p) = dz(4) = dx(m) = 0. (1.3.2)

TlepenuuieM papuauio HHTEPBAAA, UCXOSA H3 COOTHOWEHHUI |

1
8(ds®) = 2dsé(ds) — d(ds) = 52500 dz! dz¥) =

— 1 69#!’ o " v " v v "
- '273‘[—335 dz” do* dz” + g, dz” d(07) + gy da” d(d2") |,
(1.3.3)

e uenonszobado d(dz”) = d(dz*). IMoxcTaBuM 3TO BHIpAXEHHE TION
3HAK MHTETPANa, Pa3ieNUB M YMHOXMB Ha d$, TOT TIOMydM

09, dz* dz” dz* dz* (63:”)]
5(ds) f Z T P
f (ds [Bm” ds 45 °° +(9W FPELPP ) as |*

(1.3.4)

[TpOMHTETPHPYEM MONBLINTEIPATLHOE BRIDAKEHHME B KPYTibiXx CKobKax
MO YaCTIM:

5 :
1 dz” dz# \ d(dz7)
5 A/. (gav s +9g —) ds =

K dg ds
1 dz* dz# B
2 (gau P + Que—— P )éa:”lA -

B

dx? dz#
f ( v ——  Qur I ) ds. (1.3.5)
A
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Meppoe craraemoe, senenctpde (1.3.2), ofpamaercs B Hyas. [lox-
CTaBJsisl OCTABILYIOCA Yacts B (1.3.4) ¥ npoussona mMbdepeHUMpPOBa-
HHE, TIPHXOANM K BRDAKESHHIO

B
1 39,"1; aga-y 89}!0’) dzb dz¥ dzxy, i
2 f [( dz° Ok dz¥ ds ES_ 2961/ ) dsdz” =0.

A

(1.3.6)
W3 Toro, 4To MHTETpaN OOpaIAeTCs B Hy/Ib NP JIOGBIX Bapuatuax 6z,
ceayeT paBeHCTRO HYIIO BHIPAXKEHHS, 3aKTIOYEHHOTO B KBAZpPATHAIX
ckoBkax. TlogHuMas B HEM HHREKC O BBEDX, NPHXOIANM K YDAGHEHUAM
2e00e3uveckux AUHUG

d*z? » dz# dz¥
—_— = =T, ——, 1.3.7
ds? W ds ds (13.7)
fyi
AT
9" (09  Oguc  Ogu
FAH =— - 3;
. 2 (le‘ gz  Gz° (1.3:8)

— MCKOMAA KOMOMHALUMs U3 NEPBLIX NPOM3BOAHBIX OT METPHYECKOTO
TeH30pa, HalplBaeMas cumaoramu Kpucmodggean.

1.3.2. AHanu3 ypaBsHeHHil reofe3auMeckmx nHHHN

Ofcyaum DU3HYECKUIT CMBICH (FeOMETPUYECKKX) YPaBHEHUIl reofesu-
YECKHUX JIMHMIA.

|. Ha nepenix 3Tanax co3JaHHA H Pa3BUTHA 0OLIEH TEOPUH OTHOCH-
TeAbHOCTH MOCTYAUDOBANOCH, YTO TENa B HCKPUBICHHOM NPOCTPAHCTEE-
BpEMEHH JBVXKYTCA 110 Fe0Ne3HYeCKUM JTHHMAM TIPH OTCYTCTBUM APYTHX
CTODOHHHX CHUI. 3ateM OBUIO TIOKA3aHO, YTG 3TH YPAaBHEHHA ABIAIOTCA
CEICTBHEM YpaBHEHMIT DiHuTeHiHA.

Il. YpaBsHeHMA Teome3HUECKHMX JIMHMIt ARIMIOTCA TubepeHIMATBHEIMY

YPEBHEHHSIMH 2-TO TIOpAAKA, KAK M BCE DCTATBHLIE YPABHEHUA ABYCKEHUA

B KNaccHYecKod (rM3MKe, HallpuMep, ypaBHEHHA ABMXeHHs HbioToHa
d’r
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Ill. B ypasHeumsx reofesHueckoli JHHMH OTCYTCTBYET Macca Tela, YTO
OTpPaXaeT NPOABICHUE IPUHLIMIIA SKBUBATEHTHOCTH (BCE TEJIA IBHXYTCH
B HCKPHBICHHOM NPOCTPAHCTBE-BPEMEHH HE3ABHCHMO OT 3HaueHWid Mx
Mmacc). B mexanuke HbloroHa 570 COOTBETCTBYET ABHXEHHIO MACC 1101
NeACTBHEM HBIGTOHOBOH IpaBUTAUMOHHONM CHIBL
d’r mM d’r M

¥xe co BpeMeHH M3BECTHBIX sKcrepuMmeHToB [annnes mo majgeHulo rei
¢ [In3anckoit GamHu MOXHO ObUTO BHIABUHYTE FUIIOTE3Y, YTO, fIOCKOIb-
KY BCE Teja NajaiT OAWHAKOBO, HE3ABMCHMMO OT MX MACC, TO YCKODEHME
CBOOOMHOIO TIAOEHUA 3aBHMCHMT HE OT Tel, a OT CBOICTB TOMO MECTa
B NIPOCTPAHCTBE, I OHK 0Ka3anuch. OIHAKO B TO BpemMs IIPOCTPAHCTBO
TIPENCTABNSIOCH YPE3BHYAHO OefIHBIM TIO CBOMM CBOWCTBAM (0mHO-
PONHBIM M W30TPONHbIM). He 65110 BO3MOXHOCTH CBA3ATH YCKOPEHWS
nageHHs ¢ KaKuMH-JInb0 cBOiicTBAMU MPOCTPAHCTBA. ITa BO3MOXHOCTh
TIOABUNAChk TIPYM HCMQAL3OBAHMU PHMAHOBOH reOMeTpHU. YpaBHEHMS
reofe3MYecKuX NUHHIH peanu3yioT uaeio O6YCIOBIEHHOCTH YCKOpPEHHS
C¢BOBORHOTO MageHWs 3HAYCHHAMHW KOMIIOHEHT MEeTPHYECKOro TEH30pa
HCKPUBAEHHOTO TIPOCTPAHCTBA-BpPEMEHU.

IV. B ypaBHeHMAX re€one3nYeCKHX THHHI NPOABAACTCH NPUHUMIT COOT-
BeTCTBHsA Gonee OOMIEl TeopUH (SMHIUTEHHOBCKOI TEOPHH TPABUTALMHM)
¢ HBYOTOHOBOM TEOpHEH rpaBUTALIHM B €BKIUAOBOM MpocTpaHeTae. [o-
CKONIBKY ANA HEPENATUBHCTCKUX MaCTHU HanGObIIee SHAYCHNUE 4-CKO-
poctn u* MMeer KoMMoHeHTa uo, TO, B3AB KOMIOHEHTY YPAaBHEHWH
reofe3uyecKoil NTWHHKM BOOAbL panuyca (NpM 3HadeHwH A = 1, xorga
gl = r), HAXOIMM, YTO OCHOBHOM BKJal HaeT C/IaraeMoe
8900 o _O(r)

I‘éguouoh«—WuHO - Fl= a (1.3.11)

CpasnuBast ypaeHeHust (1.3.7) u (1.3.9), mpuxomuM K BHIBOIY, Y4TO KOMITO-
HEHTA oo COOTBETCTBYET HEIOTOHORY IPABHTALIMONHOMY MOTEHIMany ¢(r).

V. YpaBHeHUA TeOIe3u4eCKOi MOXHO CONOCTABHTL ¢ YP3BHEHMAMYU
OBHXKECHHS 3ADAXKEHHBIX YaCTHI B SMEKTPOIHHAMHKE

d*z? g _,dz#

=P 1.3.12
ds?  mcd P ds’ ( )
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The ¢ — D3NeKTPUMECKHid 3apsl, M — Macca 3apsoKeHHOH YacTHLBL,
F,, — Ten3op HanpsKeHHOCTH JJIEKTPOMArHUTHOIO nofs. B 5ToM
YDABHEHHH CIIPABa TAKKE NPHCYTCTBYET CKOPOCTh, OAHAKO B NEPBOi
CTEMNEeHH.

VI. YpasueHwMs ABIDKEHHS 3apSKEHHON YaCTHIIBI B HCKPHBIEHHOM T1PO-
CTPaHCTBE-BPEMEHH B MPHCYTCTBHM IEKTPOMATHHTHOTO TIOJA MOTYYa-
eTca obbemnuHerneM ypasHeHwit (1.3.7) u (1.3.12):

d’z? L dztdzf? g or 92

7. %45 ds  md “ds
B 3THX ypaBHeHMAX NPOABIICH, BO~NIEPBRIX, AyATUCTHYSCKHIHN XapaKrep
0o0LIeH TeOPUH OTHOCUTENbHOCTH, B KOTODOLH (QUTYPUDYIOT BETHMUUHEL
Kax reoMeTpuueckoit (TepBoe cRaraeMoe Chpapa), TaK M (DM3MYECKOi
npupoasl (cwia JlopeHua crpasa), #, BO-BTOPbIX, YPABHEHUS JEMOH-
CTPHPYIOT, 4TO TeopHsl DHHIUTCHHA npeacTassier coGoi NMIIb epBbIil
LIAr HA IYTH K MONHOoA reoMeTpu3alni du3Mky. B Helt snexTpoMarHuT-
HOE Mone ewe He reoMeTpu3oBaHo. B naapneitmem T. Kanyueit 6euto
MOKA3aHO, YTO B PaMKAX 5-MepHOM TEOpPMH MOXHO NPEACTABHTH IIpa-
BYIO 9acTh ypaBHeHHi {1.3.13) HCKTIOYNTENBHO Yepes reOMETPHYECKHE
BEIHYHMHBI. '

(1.3.13)

VIl. Otmerim, 4T0 ypasHeHHs reoNe3MeCKHX IHHHUIL OTTHCHIBAIOT CBO-
fomHoe ABUXeHHE NPOSHBIX YaCTHIL, CTPYKTYPOI KOTOPBIX MOXKHO TIpe-
Hebpeyp. [Inrkenne Golee CNOXHBIX YacTHL {TIPOTSKCHHBIX PA3MEPOB,
BPAIIAIOUINXCA) ONMUCHIBAIOTCH ypaBHEHUsaMu MatuccoHa—IanarneTpy,
¢ KOTOPEIMH MOXHO O3HaKOMMTBCH B MOHorpadum [1, ¢. 43—46].

1.3.3. TpancdopmaunonHbie cBoWcTBa cumeonos Kpucrodpdens

Cumsonsl Kpucrohoens He asnmorca tensoproil BenmuauHodi, Tpr
TICPEXOAE OT ONHOI CHCTEMH KOOPNHHAT K Apyroif oHH mpeobpasyiorcd
Mo 3aKOHY

dz® dzP Bz &z oz
( ,uv) =

Bz dx™ fzv P + dr'H Oz dz® ’
dz® 9P oz Nz 8zf

Hx'h da” dxic B + B A Gatz JaB-
o' " dx'c Oz’ oz’ Hx
(1.3.15)

(1.3.14)

(Cuv,e) "'(P V) G
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U3 atiX $popMyNT BUIHO, HTO TEH3IOPHEIH 3aK0H hpeobpazoBaHuil Hapy-
LIAETCA NMPUCYTCTBUEM CIIPaBa BTOPLIX NPOH3BOAHLIX, KOTOPbIE HCUe3a-
0T IIPH JAMHEHHBIX 1TpeoOpa30BaHHAX KOODPAUHAT,

B moboii Touke MHOTOOOpa3usa BCerNa MOXHO BHIOPATL A0KAAbHO-
2000€3UMECKYID KOOPOUNAMHYIO cucmeMy, B KOTOPOl BCE KOMIIOHEHTHI
cuMBoiia Kpuctopgens paBHbl HyA10. 910 npeoGpa30BaHue HMEET BAI

mm:(ﬁ;mﬁﬂféﬂﬁﬂuﬂﬁ'mﬁﬂ@ﬂ‘ﬁby {1.3.16)

rae uHneke (A) cHu3y ostiayaer 3HadeHde BelMUMH B Touke A. Bonee
TOr0, BCErNa MOXKHO BbIOPATh 2e00e3UHecKyi0 KOOPOUHAMHYIO CUCHIEMY,
B KOTOPO# KOMIIOHEHTH cHMBonoB Kpuctoddean obpalaoTes B Hylb
Ha BCEH re0de3HIECKO JIHHWH,

1.3.4. KorapuaHTHBIE NPOWIBOAMLIE

l. Jlerko ybeauThCA, 4TO YACTHBIE NPOM3BOXHBIE OT TEH3ODHEIX BEIH-
4UH B HCKPMBNEHHOM ITPOCTPAHCTBE-BPEMEHH B 0OleM cIyyae He fB-
JAIOTCR TeH30PHBIMH BENHYHHAMH, HAIIpHMED

0B, 8 ( ax'® ,) _ dz'% §x'* OB, 9z’

- dxr

= B
Fifing i find

T v Oxr OB Bxedzy *

(1.3.17)

Tensopublit 3ak0H TpeoOpa3oBaHWA HAPYILASTCS MOCASAHHM citarae-
MBIM CripaBa, OTAMYHBIM OT HYAS B Coydae, Korma npeoOpaloBaHms
KOODJIMHAT HE JBANIOTCA THHEHHBIMH.

Il. TensopHerit Xapaktep MOXHO BOCCTAHOBUTD, €C/TH 0OOONIMTE OTIe-
patop YactHoro audibepenuuposanua, ao6asys K (1.3.17) sbipaxenne,
coIepXallee TAKKe HETEH30PHYI0 BEIMUMHY ¢ cuMBonoM Kpnctodide-
i, peoGpasyowmMest cormacHo (1.3.14):

oB,
ax

DTO TEH30PHOE BBLIPAXEHHUE HASBIBACTCHA KOBAPUAKMHOU NPpou3sodHol
OT KOBRPHaHTHOro Bekropa B,. OTMETHM, 4TO STOT IIPUEM YCTPaHEHHS
(KoMrieHcalliK) HeXeTaTENBHEIX CHRATAEMBIX B oreparopax audipepeH-
HMPOBAHUA (HaKTHYECKH MCIMOIB30BaH B TaK HAIBIBACMOM KaAHOPOBOY-
HOM TIOAXOAE K OTMMMCAHHIO B3aHMOIEHCTBUIA,

~TNBy=VB,=B,,. (1.3.18)
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AHATOTHYHBIM 00pa3OM MOXHO ONDEAECAUTh KOBADUAHTHYIO MpPO-
H3BO/IHYIO OT KOHTPABAPHAHTHOTO BEKTOPA:

oB*
b7 lind

Kosapuanmnnie npouzsodnvie om men3opa npou3IgoALHOZ0 pat2a iU Ko-

sapuarmHocmu UMeI0T BUA
8Bl :
o V... i1 Aere X T

V:B, = 5z + 0By +...— DBy —..., (1.3.20)
rA¢ MHOTOTOYHA B OCHOBHOH CTPOKE OIHAYAOT, YTO aHAIOTHYHEIC BBI-
paxeHHd ¢ cuMBonaMy Kpucrodhdens navumyresa N KaXIoro KO- Hid
KOHTPABAPHAHTHOTO WHIEKCA TEH30pHOH Benmunusl BS 7,

+r%,B*=V,B* = B%. (1.3.19)

. Onepauus xosapuanTHOrO AdhepeHIMPOBHMA OONAAAET Ceay-
IOLIHMH CBOACTBAMM;

¢ KoBapvaHTHa® NPOM3BOJHAH OT CKANApPa COBNAiaeT € YAaCTHOM
NpPOU3BOAHON
0B

oz’
¢ KosapHaHTHasl IPOW3BONHAS OT CYMMB! TEH3ODHBIX BEMHHH PaBHA
CYMME KOBADHAHTHEIX MPOU3BOMHBIX:

V(A% +BY )=V, AY + VB (1.3.22)

V,B =

(1.3.21)

» Jlns koapHanTHOTO OuhdhepeHIMPOBAHNS TPOU3BEICHHA TeH30D-
HBIX BEMWYHH MMeeT MecTo Mpasiito JledOHuIa:
V‘,(Aﬂ.'.'.'Bg.'.'.') = (V,,Aﬁfﬁj)Bng.' + A,‘fﬁ.'.'(V,BE.'.'.’). (1.3.23)
Jlerko 1noxa3aTe, YTO 3TO CBOMCTRO BHITIOMHACTCA H IS OIICPALHE
BHYTPEHHETO NPOM3BEIeHHS.

¢ KoBapHaHTHAa® NPOU3BONHAS OT METPUYECKOTO TEH30PA PaBHa HYIO:
Va'g;w S 0w = 0. (13.24)

910 ¢BOJCTBO N03BOALT 1pH OU(DHEPEHLMPOBAHMYM BEIHOCHTh MET-
pUYECKUI TEH30p 3a 3HAK OfePatopa, T.€. PACCMATPHBATL METDH-
4ecKuii TEH30P KaK HOCTOAHHEH Koadduluenr.



48 maea 1. OcHOBHLIE NOHATUSA DUMEHOBOH FEOMBTPHM M TEOPUM FPABHTALIMM

IV. C nomouisio onepatopa KOBapHaHTHOTO IHpbEPEHIMPOBAHHS YPaB-
HEHHA Ieone3MuYeCKUX THHUH (1.3.?) MOXHO IIDEACTABHTD B CHEAYIOILESi
dopme

du?

A Dhae’ =0 = W'Vt =0. (1.3.25)

Takoil BUI TMO3BONSET 3aNKCATh YPABHEHUS TS M3OTPOTIHBIX TEOAe3H-
YecKHMX NHHUHA, BAOML XOTOPBIX MHTEPBAN paBeH Hymw. B aToM cryyae
BMECTO BEKTOpa 4-CKOPOCTH u ceyeT HCMOMb3I0BATh H30TPOITHBIA
BOJIHOBOH BCKTOD k", obnapacnmnil CeOHCTBOM

guuk“k” =0, (1.3.26)

a BMECTO YpaBHeHHWs reomeswdeckKnx mmumit (1.3.25) cnemyer mucats
YpaBHeHHe

A
kYK = 0. (1.3.27)
V. 3ametuM, 94TO KOBAPHAHTHYIO MPOH3BOLHYID MOXHO ONPEOCITHTE Je-

PE3 OnEPANUio HAPGAAERbHOZ0 NEPEHOCE TEH3O0DHBIX BENMYKH B MCKDHB-
JIEHHOM TIPOCTPAHCTBE-BpeMeHH, 910 6YyIeT cAelaHo Mo3Ke.

KoHTponsHbie 3ananma

i. Butect caMoctosTensHo dopmyan {1.3.14) u (1.3.15), nomesy-
ACh COOTHOIEHHEM (1.3.8) ¥ TEHIOPHBIM 3aKOHOM NPeoBpasoRaHUil
KOMITOHEHT METPHKH g, .

2. TIpomeMOHCTPHPOBATH, ITO MK rpeabpasosanmay (1.3.16) sce cum-
Bone! KpHerodpena B TowKe A pasHBI HYITIO.

3. HokasaTb, 9T0
_ 1 8y—g
TV 0

Iy, (1.3.28)

§ 1.4, TeH30p KPHUBN3HLI U €ro CBOWCTBA

KitoueBsie ypaBHEHUA K12CCHUECKOH (PU3HKWY, KaK NPaBiilo, AB/Is-
1071¢a pruddepeHITHATLHBIMY YPaBHEHUSMH BTOPOTO NopAaKa, Taxo xe
XapaxkTep UMeKOT H YPABHEHNS 2HHIOTeWHA , OITMCKHIBAIOIINE UCKPHBICH -
HYH0 METPHKY TIPOCTPARHCTBA-BPEMEHH, — OHH ABMTIOTCA TudpbepeHITH-
TBHBIMH YPAaBHCHUAMH BTOPOIrO MOPAIKa OTHOCHTENIBHO KOMIIOHEHT
METPHYIECKOr0 TeH3opa. YToOGHl MX 3alHCaTh, CHAaYala QIGIYET BRECTH
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BaXHYIO TEOMETPHUYECKYIO XAPAKTEPUCTHKY, COTEPXALIYIO BTOPBIE 11pO-
W3BOAHEBIE OT METPHYECKOIO TEH30pa, — TEH30D KPHBH3MBI,

1.4.1. TeH30p KPMBU3HBI

. TeH30p KPHMBHAHBL NMPENCTARTAET COBOH KOMOWHALIMIO M3 BTOPBIX
H MEPBMX [IPOM3BOLHBIX OT METPMYECKOTO TeH30pa. K TeH30pY KpH-
BU3IHBL MOXHO IPHATH PAITHYHBIMH IYyTAMH. ONHHM M3 HHX ABIAETCA
¢opMansHbiit MyTh, COCTOANIMIT B KOMMYTALIMH BTOPHIX KOBApHAHTHRIX
NPOM3BOIHEIX OT NPOM3BOALHOTO BexTOpa By (B pUMaHOBOM IPOCTpaH-
crBe-BpeMeHH). Jlerko yGeauThes, YTo

' d
Bawiy — Baw = 5;;(30:1/) -I Ep(Ba;u) -

- ng(Bu;v) = Boyyw = R-):w,.B,\, (1.4.1)

rae
Ri]up = %"— aréy
oz oxk
— meN30p Kpuau3tbl HETBEPTOTO paHra (mensop Pumana—Kpucmodgbean).
Dopmyny {1.4.1) MOXHO 060BWMTE HA Cy4ail TeH3opa B,’,‘fo npou-
BOJILHOTO PaHra.

+ 5,07, - To,T2, (1.4.2)

il. dpyroit myTh BRENEHHMS TeéH3Opa KPHBM3HBL OCHOBRH Ha PaccMOT-
peHHH OMEPAUHH [TAPAANENBHOTO MEPEHOCA CMELIEHYH (W TEH30pPOB)
TI0 3aMKHYTOMY KOHTYPY. DTOT HyTh paccMoTpeH Hinke (B § 1.6).

IH. Tenszop Pumana—KpHcroddens B pumMaHOBOM NPOCTPAHCTBE -BpE-
MeHH Obnazaer cienyon MK CBOACTBAMM:
e U3 onpenenenvs TEH30pa CNEAYET X0 AHTHCHMMETPHS 11O BTOPO
nape WHAEKCOB
A A
R.ayu = _R'Oﬂb" (1.4.3)

e Kak moxa3nBaeT HEITOCPEACTBEHHAA NPOBEPKA, B PHMAHOBOI reo-
METPHH TEH30D KPUBH3HbI AHTUCHMMETPUYEH 110 NEPROM Nape WH-
JIEKCOB

Rﬁayﬂ = —Raﬁyp, (1.4-4)

A
rae Raﬁv,u = R-,B;wg)-a- .
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¢ TeH30p KpPHUBH3HEI CHMMETPHYEH OTHOCMTEBHO MEPECTAHOBKH NBYX
TAp MHIEKCOB:

Raﬁ.uy = R#yaﬂ- (1.4.5)
] HMCCT MECTO aﬂrcﬁpal{'-lecl(oe TOXKIACCTBO P“"[q“

%,uy + R-‘:fﬁp + szﬁ =1, (146)

KOTOpOe NETKO A0Ka3aTh, BOCTIONB30BaBIIHCE JOKATEHO TE0IE3HIE~
CKO# KOOPAMHATHOI cUCTEMOM, 1€ (B paccMaTpUBaeMoit Touke A)
teH30p PuMana—Kpucrodens npeactapifeTcsa B BUIE

v

A ary, 8Ty,
(R'OU/#)(A) ~ 8z Bk

Ecau Hekuit TeH30p paBeH HYMIO B KakoH-n1160 OXHOM KOOpPIMHAT-
HOH cucTeMe, TO OH PaBeH HYITIO M BO BCEX NPYTUX NOMYCTHMBIX
KOOPAMHATHLIX CUCTEMaX.

s HMeeT MecTo mubdepeHuManbtoe ToxnecTB0 buanku
%#,,;,, + R_‘,'gm,, + R.f'g,,,;p =0 (1.4.7)

ITO TOXAECTBO NPOLUE BCErO NOKA3IATh, ONATH HCTIONb3YS JNOKATh-
HO-TEOE3HYECKYIO KOOPAHHATHYIO CHCTEMY.

IV. TNepsrie yeTsipe (AmwreGpauecKue) CBOACTBE CUMMETPHH MIPUBOAST
K TOMY, UTO B 4-MepHOM TIPOCTPAHCTBE-BPEMEHH B caMoM o0LICM CITy-
Yag He32BUCHMBIMH SBIIAIOTCH JIHIID 20 KOMITOHEHT TeH30pa PriMaHa—
Kpucroggena. Henonps3ya cBoOCTBO CHMMETPHM KOBAPUAHTHOIQ TEH-
30pa KPHUBH3HbI, 00603HAYUM €ro KOMIOHEHTH AByMS HHAeKcamu A
u B, npoGerajomumMn 6 3HaYeHHH, KOTOpbie COOTBETCTBYIOT CETYIO-
IIAM KOMOWHAISIM TIap 4-MEPHBIX MHAEKCOB:

1 = 01; i—23;
202, 231
303 312
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Takoe BbIpakeHHMEe MOXHQO MPEICTABMTh B BHAE CHUMMETPHUHOIM
6 x 6-maTpuLmL

Ry Rn Ri | R Ry Ry
Bn Bn Ry |Ry Ry, Ry
Ryy Rn Ry | Ry Ry Ry =(X Y)
Ry, R, Rj;|R; Ry Rz [T\Y 2/’

Raﬂuv = Rup=

(1.4.8)
rie cripasa BBEREHb TPH 3 X 3-MaTpuibl. BeprukanbHO# H rODU3OH-

TATbHOW THHUAMHA pa3gencHel KOMIMOHCHTDI ¢ HHACKCAMH ABYX THIIOB.

V. U3 tensopa Pumana—Kpucroddens cTpoATCA TEH3OPH KPUBHIHEL
MEHBILHX PAHTOB!

ary,  Ory,

Rgy = Rup = Ry, = —2 + T, T5 ~ Talsys  (149)

dr*  oz¥
R = Rg,¢" (1.4.10)

COOTBETCTBEHHO Men3op Puvuu v ckasnpnas Kpugusna.

1.4.2. JlononHenna K CBORCTEAM TEH30Pa KPMBM3HLI

|. BuipaxeHus 1 TEH3OPOB KPMBMIHBIL M MX CBOMCTBA CHMMETDHM
CIpapeLIvBel B MPOCTPAHCTBAX MOGOH pa3MEPHOCTH, ONHAKO NpPH pa3-
MepHOCTAX 3 M 2 MMeloT MecTo anreGpaHyecKue COOTHOLUEHHS MEeX-
Ay TEH30paMH KPWMBH3HBI pa3sHoro padra. Tak, misl IPOCTPaHCTRA Tpex
usMmepenuii Tenzop Pumana—Kpucrobdens B ofiieM cioydae umeer
6 pasaTMYHBIX KOMIIOHEHT, CTOJBKO XE€, CKONBKO ¥ 3-MepHBIH TeH30p
Puyyu. 3o nossonser u3 (1.4.9) 06paTtHo BHIPa3HTh TeH30p PuMana—
KpucToddens 4epes KOMNOHEHTH TeH3opa PHMYKM M CKAUIAPHYIO KpH-
pr3Hy. O003Hauas WHIOEKCH, npofberaloiye TpH 3HaueHus 1, 2, 3, Ma-
NbLIMH ATHHCKMMH BYKBaMM, B NPOCTPAHCTBE TPeX U3MEPEHHH nmeeM

Ry = 91 Rjx — 9k Ry + g R} — 91 Rt — 5(9:'91& —gig)R.  (1.4.11)

. B npoctpancTBe IBYX Hamepenmit Ten3op Pumana—Kpuctoddens
MOXHO MT&GD&W‘ICCKH BHIPAa3UTE 4Yepe3 KOMNOHEHTHI METPHYECKOro
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TEH30p2 M CKANAPHYIO KpuBu3HY. O603Hauas Oyksamu £, 1, (, X HH-
neKchi, npoberaoliye JBa 3Ha4eHus (Hanpumep, 1 1 2), uMeeM

R
gy = =5 (9300 — gbam)- (1.4.12)

Taxum obpasoMm, mensop Pumana— Kpucmodiern sannemes aszefpouye-
CKU He3asucumbim om menzopa Puwvu U cxaasproll KPUeUsHbl, HA4WHAA
C PAIMEPHOCIMU Yembipe U Gulile.

IIl. B npocTpancTRe-BpeMeHM pasMEPHOCTH 7 = 3 UMCAo anrebpauye-
CKM He3aBUCHUMBIX KOMIIOHEHT TeH30pa PuMana— Kpucroddens naercsa
¢opMynoi

2 2_] v
N= 1‘—(“3-2—) (1.4.13)

1.4.3. Kondopmroe cooteeTcTene 1 TeHsop Bewns

l. Cpa3sy xe nocae cosnanus obuiei TeOpUM OTHOCHTEbHOCTR [. Beii-
jeM OBUIO MPeLIOXKEHO fepBoe 0D0OIHEHHE PUMAaHOBOH IEeOMETDHH,
B OCHOBY KOTOpOIo OBIZIO MOOXEHO HOMONTHEHHE rpynnel aonyCcru-
MbIX KOOPIHHATHBIX Npeobpazoatnit (1.1.1) rpynmoit Tak HasbIBaeMBIX
Kongopmubix npeobpasoeanuti (cM. [11, c. 36]). Yx cyTh cocTosaa B cne-
AyiolieM. JIBa pUMaHOBBIX TIPOCTPAHCTBA ¢ METPHYCCKUMH TEH30PAMH
Gap(T) M Gap(2), ONpedencHHBIMU Ha OAHOM M TOM X€ MHOTO0GDA3MH
TOYEK, HA3BIBAIOTCH KOHPOPMHO COOMEEMCMEVIOWUMU, ECIH

aaﬁ(w) =é€ Gog, (1.4.[4)

rae o(z) — HeKoTOpas CKaispHas (GYHKUMS KOOpAMHAT. B Takux npo-
CTPAHCTBAX JUTMHBL BEKTOPOB ¢ OJIHHAKOBLIMH KOMAOHeHTaMu dz” pa3-
JIMYAKOTCA MHOXHTENEM, 3aBACALUMM TONBXO OT BHIGPaHHOM TOYKY:

45 = +/Gap(z) dze dzf = " ds. (1.4.15)

. B koH(pOpMHO COOTBETCTBYIOIIHX MPOCTPAHCTBAX YTITBI MEXILY NApa-
MM BEKTOPOB OAHHAKOBE. [elicTBUTENILHO, A5 YIJIOB MEXOY BEKTOpa-
MU ¢ KoMToHeHTaMu dz” ¥ §z° B ABYX KOH(GOPMHO COOTBETCTBYIOMIMX
MPOCTPAHCTB KMEEM

20(z)

Jop dzdzh?

v/ Gy GTF dT¥ - o/ grndzroTr )

cos (dz°, 8z%) =

(1.4.16)
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lll. 13 onpenenenun (1.4.14) creayioT cOOTHOLIEHMA MEXAy reOMeT-
PHYECKMMH BENUYMHAMHM KOH(OPMHO COOTBETCTBYIOUINX PUMAHOBHIX
TIPOCTPAHCTB TMPOU3BO/BHON CHIHATYPHl M PASMEPHOCTH N

=g W=d VG=¢"\/yg (14.17)

T3y = Ty + g0y + 4705 ~ gprg™o; (1.4.18)
Ry = Rpys + 950y ~ 97955+ 9% (gpy00s — 9660wy +

+ (95 96y ~ 97985) A1 73 (1.4.19)

Rgs = Rgs — (n —.2)05.5 — [A20 +{n — 2)A,0ggs; (1.4.20)

R=e? [R-2(n- DA - (n—1)(n- A0,  (1.421)

IIe MCITOTBb30BaHbl 0003HAYCHHUT!

do do 8o
e T g (1.4.22)
op 80 B0 A of o
Ao=g e 62:5' 20 = g7 Vo Vao.

IV. U3 XOMMOHEHT TeH30pa KPHBH3HbL MOXHO CKOHCTPYMPOBATh KOH-
¢dopMHO MHBAPHAHTHEEH TeH30p

. 1
Clivs = Cliys = Riprs ~ 1y (97 Ros = 95 Ry + Ryggs ~ Rigpn) -

R a (i
“th-Dn-2) (9598, — 97953), (1.4.23)

HasbIBaeMbIl menzopom Beilin.
Tenzop Beiina obnagacT clieAYIOIIHMY OCHOBHBIMH CBOHCTRAMM:

e B nycrom npoctpaHctae-Bpemenn (koraa Ry, = 0) C%,s = R,
» Tensop Beiina C.'E,,J HMeeT Te XKeé caMble CBOHCTBA CHMMETPHUM
(1.4.3)-(1.4.6), yro ¥ Tensop Pumana—Kpucrobdens.
. ,Ibm TeH3opa Beitna omyrcrnyeT aHasnior TeH3opa Puyyy, TaK xak
pcw =0.
» B mHorooGpasun tpex waMepennit Clg.s = 0.
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¢ HeoGxoauMbiM M JOCTATOYHBEIM MPHIHAKOM KOHMOPMHO IUIOCKHMX
MHoroo6pasuit mpd 1 > 3 ABIAeTCA OOPALUEHHE B HYIb TEH30pa
Beitns.

KonTponbHbie 3ananMa

1. Joka3ats cBOHCTBO aHTNCMMMETPHM TEH30pa PrMada— Kpuctoddenn
10 NepBoO nape MHIEKCOB.

2. [loka3arb, 4to ToxaecTBa Puduy (1.4.6) nakNanblBaeT NHILLL OAHO 4i1-
reSpaniecKoe yCIOBHE Ha KOMINOHEHTH TeH3opa Pumana—XKpucrod-
thena, cODTBETCTBYIOMICE PazTUYHLIM 3HAYEHWSIM HHIACKCOB,

3. HokasaTs Toxnecrsa BHanxw (1.4.7), Hcrnonsays JIOKAIEHO-TE0/IC3H-
YECKYH0 KOOPAHHATHYH CHCTEMY.

4. TToKa3aTh CNPaPeLTHBOCTL BHIPAXEHUS LT KOMIOHEHT TeH30pa PH-
maHa— Kpucroddens (1.4.11) B 3-MepHOM TIPOCTPaHCTBE,

5. Iloka3aTe, YTO B TIPOCTpaHCTBAX SHHWITEMHA, YIOBICTBOPAIUIMX
ycnoBHAM R, = 0g,,, MaTpyua U3 KOMIIOHEHT TeH30pa PUMaHa—
Kpuctroddiens (1.4.8) cBoantes K BuIy

Rup = (‘}’f _;) ‘ (1.4.24)

§ 1.5. YpaeHeHnn JiHwTeHHa,
Makcsenna u Kneiiva—®dDoka

Onupasich Ha M3T0XEHHBIE TICHATHS W MPMHIIMITEI PUMaHOBOH reo-
METPYH, BBeNEM YpaBHEHHA JWHIUTEHHA U YPABHEHUA [NABHLIX (Du3M-
YECKMX NOAEH 8 MCKPHBICHHOM MPOCTPAHCTRE-BPEMEHU,

Crenyer NOAYEPKHYTb, YTO KNIOYEBble YPABHEHHA (PHM3HKH, Takue
KaK ypasHeHHA Bifnmreina, Makcsenna, Knelina—®oxka, lupaxka n apy-
rHE He BLIBOAATCA, A OTKPLBAOTCA, [IpM YTEHUHN HEKOTOPEIX Y4eGHHKOB
MOXeT CO3MaThCH BIEYATIeHWe, YTO 3TH YPAaBHEHUA BhIBOOATCH. B Acii-
CTBHTEALHOCTH X€ PacCYXIeHMA, [IPEAIecTBYIOIHE WX 3amucH, THGo
TOJrOTARIMBAIOT YMTATEAA K MX BOCIIPUATHIO, MO0 B HUX ITOCTYAMPY-
eTCH YTO-TO IKBUBANIEHTHOE 3THM YPAaBHEHUAM M 3aTEM I10 M3BECTHBLIM
NpaBHAAM OT IMOCTYJIMPOBAHHOTO NEPEX0aST K HyHIAMEHTANBHLIM ypaB-
HEHMSAM.
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1.5.1. YparHeHus JiHwWITeWHA

l. TIpu cosnanuu obineit TeOPMH OTHOCHTENBHOCTH BAaXHO GO Hal-
TH 3aBUCHMOCTh HCKPHBIEHHOCTH MPOCTPAaHCTBAa-BPEMEHHW OT pacTipe-
IeNeHWA H CROMCTB HaXOMmAUIEHCsT B HEM MATepHH, 4To OBUIO CHENAHO
Ha pybBexe 1915 u 1916 romoB OTKpHITHEM YpPaBHeHWHt ODHHIITeliHa,
HcKoMble ypaBHEHHS HOMKHB! OpUTM CBA3ATE TEOMETPHUECKHE BEJH-
YHHH ¥ (DH3WYECKHE XapaKTepUCTHKH MaTepuu. YXe H3 HBIOTOHOBOI
TEOpHUU TPABMUTALIMMA CIIEAYET, YTO B KAYECTRE MCTOYHWKA IpaBHTALHH
chaeayeT BRIGHPATL BETHUYMHY, COACPXAIYIO TMIOTHOCTD WIH MACCY Ma-
Tepud. [locae co3gaHus CNEUHANEHON TEOPHHM OTHOCHTENEHOCTH CTAJIO
SICHO, YTO HCKOMAA XapakTepUCTHKA MATePUMM OO/DKHA CONepPXaTh CKO-
pocTe M — Oonee Toro — OHA JOKHA OBITH TEHZOPHON BEWYHMHOM.
Bektop (hakTHYECKH yXe 3AHAT B WIEKTpPOOHHaMHKKeE, LAe BO BTOPOI
nape ypasHeduit Makcpe/a cnpaba 3amMchiBaeTcs TOK. CreayiomHm
KaHAMAATOM HA POJIb MCTOMHMKA MCKPMBICHUS ObL1 TEH30p IHCPIHH-
umnyibea MaTepuu T,g. DTO IPeanONOKEHHE OKA3a10Ch IPABUIBHBIM.

Kaky1o reoMeTpHuecKylo BeJIMMHY HYXHO cOOTHECTH ¢ Tpg? Dra
BEAHYMHA NO/DKHE 001a4aTh TAKHM XK€ BaXHBIM CBOHCTBOM, 4TO H Tyhg:

T =0, (1.5.1)

ABASIOIUMCA 0b0b1UeHMeM UIBECTHOTO B TIOCKOM TIPOCTPAHCTRE -Bpe-
MEHH (B 1eXapTOBBIX KOOPTHHATAX) COOTHOIIEHUS T /Bxﬁ = 0, npu-
BOMSILIETO K 3aKOHY COXPAHEHMS IHEPTUM-UMTTYAILCA MATEDHH.

{l. Takyio reoMeTpH4ECKYIO BEAMYMHY MOXHO TTOJLySMTb CBEPTKOH TOX-
nects Buauku (1.4.7) no MHIEKCaM @, ft © yMHOXEHHEM HX Ha gﬁ":

gﬁu (R-‘;?av;ur + R?ﬁa’a:u "f“R%ua;a) =0 = R,- Rg;ﬂ ~Rza=0 -

R

. 1
-+ R%,-=2=0 - V4 (R“f‘ - i-g“ﬁR) =0. (1.5.2)

2

ll. Ilpupasuusas gpyr Opyry GU3MYECKYIO M FeOMETPUYECKYIO Xapak-
TePUCTHKH U3 coorHowenutt (1.5.1) u (I} (c HexmM pasMepHbiM KO-
3PPUUKEHTOM ), TIDUXOINM K ypasHerusm Finwmeiina

1
R - 5g‘j'ffR = 2T, (1.5.3)
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rae & — HHWMEHHOBCKAR ePasUMaUUOHHAR NOCMOSHKASA, CBA3AHHAS C HBIO-
TOHOBOH IPABHTALIOHHOMN IIOCTOAHHON G COOTHOILEHHEM

8rG

&= —.
i

VMHOKAs BHYTPEHHUM 05pasom (1.5.3) Ha g9, HAXOAMM COOTHOWICHUE

—R = =T, KoTOpoe IO3BOASET NepenucaTsh ypaBHEHHsA DiHLITElHA
B HHOM BHAE

(1.5.4)

[
R — ae(T“ﬁ - EgaﬁT). (1.5.5)

JUsi 1TycTOro MpOCTPAHCTBA-BPEMEHH YpaBHeHuA DiiHiuTeiiHa ynpoya-
IOTCS.
Ros =0 (1.5.6)

IV. Eciau 6miTh 20 KOHLA [10C/1€10BATENbHBIMH, TO HYXKHO YUUTHIBATH,
UTO KOBApWAHTHAA IJUBEpPreHuusa oOpallaeIcs B HyiAb €lle OoT OINHOHA
TEOMETPHMECKONW BEJIMYHUHBI; g;ﬁ = 0, MO3TOMY ypaBHEeHUs JitHmTeHa
MOXHO 0GOBLINTD:

1
R — Eg“ﬁR + Ag™ = =T, (1.5.7)

rie KO3hOUUNEHT A HA3LIBAIOT KOCMOA0HHECK il nocmoannoid. Panbiie
yacto nojaranu A = 0, olHako nocaegHue acTpodM3UYecKde NaH-
HEIE CBHJAETEJLCTBYIOT B NOJb3Y YY€Ta KOCMOMOTHYECKON NOCTOAHHOIMR
B YPABHeHHsAX JifHInTeitHa,

V. O6mwnit Bux TeH30pa 3HEPrHU-UMITYIBCA MATEPHATLHOW cpels 3a-
ITACHIBACTCA CHETYIOIAM obpazoM

7% = (p+ pcHu"u’ — pg®", {1.5.8)

Iie p — NaBICHWE, p — TLIOTHOCTs, ©° — 4-CKOPOCTh ABMKEHHA
CPEnBl, ¢ — CKOpOCTb CBeTa. JAna KOHKpeTHBIX MH3NIEcKyX NOACH BUJ
TEH30p2 HCPIUH-UMIYIbca Oyaer NPUBOAUTLCA IO MEPE MX BBEAEHUH.

VIi. Cnenaem HeCKONbKO 3aMeYaHuii 10 CMBICITY YPaBHEHMIA DiiuTeiiHa.

« VpapHeHWd DHIITelHA TPHOBPETAIOT CMBICH B BAKYYME JTMLUB HAYH-
Hasl C Pa3sMEPHOCTH YeThipe W BBHILIE, TaK KaK NMPW MEHBUWIHX pazMep-
HOCTAX, BCIGACTBHE airedpanueckux cootHowennit (1.4.11) n (1.4.12),
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M3 PaBEHCTBA HYJMIO TeH3opa PHuuM asTOMAaTHuUECKM caenyeT obpaie-
HMe B HyJb M TeH3zopa Pumana—Kpucroddens, T.e. npocrpaHcTBO-
BpeMA CTAHOBHTCH IUTOCKMM. ITO HBHAOCH OOHOI M3 IPHYHH Heocyule-
CTBMMOCTH Aaneko muyuux uaei Kauddopaa o reomerpusanvn dpusu-
KH BILIOTH A0 CO3AaHHs CreuyaibHOM TEOPHH OTHOCHTEIBHOCTH, T. €.
10 TOro KaK APOCTPAHCTBO X BpeMdA ObUTM OObeIMHEHHI B 4-MEpHOE
MHorooDbpasne.

¢ TlockonbKy npM nepexole X HBIOTOHOBON Teopwi TATOTCHMA
OCHOBHOM BKIAN MA€T KOMIIOHEHTA goo(Z), COOTBETCTBYIOWIAS CKANAP-
HOMY TIOTEHIHANy (&) rpaBUTALIMOHHOTO MOJs, MOXHO MOKa3aTh, YTO
M3 ypasHeHWH JHHIITe{iHa B OCHOBHOM INPUOMIXEHHH IOJYSaeTCs
ypaBHeHHe [lyaccoHna /g HBIOTOHOBA MOTEHLUHANA

1
Bog — 590sR=2Tog = Ap=47Gp, (1.5.9)

Tie p — TUIOTHOCTB DACTIpEie/IEHHSl MaTepuM, a A — obo3Hayaer
3-MepHBIft namacHaH. 3uadeHue IMHIITEHHOBCKON TPABHTAITHOHHOMH
MOCTOAHHOI (1.5.4) HAXONHTCA H3 YKa3aHHOTO TIPHHIIKA COOTBETCTBYSI.

¢ [lon KoMmaKTHO! 3amyceio ypasuenni (1.5.3) (wmn (1.5.5)) xpo-
eTCs CIIOXHAA cHeTeMa U3 10 HemWHeHHBIX MU depeHUMANLHBIX YpaB-
HEHMIt (B YaCTHBIX NPOMIBOAHLIX) BTOPOTG MOPSIAKA OTHOCHTENbHO 10
KOMTIOHEHT ¢,,, . OHaKo BCIENCTBYE YeThipeX ToXaecT Buanku (1.4.7)
13 10 ypasHeHu it DHIUTeHHA HE3ABHCHMBIMH STBIIAIOTCS TOJTBKO LIECTD.
[TosToMy ans HaxoxIeHns 10 KOMITOHEHT METPHYECKOTO TEH30pa clie-
LyeT MCTIONB3IOBATE Henmipe GOHOAHUMELHBIX Heobuexosapuanmmwix (Ko-
OPOUHAMHIX) YCAOBUR

f@(gu. ") = 0. (1.5.10)

B xayecTBe npuMepa IPUBEJEM 2apmoruecKue KoopOuamuue ycio-
aun, HasplBaeMble TAKXE KOOPAMHATAMH YCIOBMAMM Je [{oHImepa HiH
®oKa, 3a1310TCH YETHIPHMA COOTHOLIEHUSIMHA;

ov-g9") _
—5n - =0. (1.5.11)

Hx MoxHO NMPEACTABUTDL TAKKEC B IPYTOM, SKBHBAICHTHOM BHAC

i =T =0 (1.5.12)
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TapMOHHYECKKE KOODAUHATHBIE YCJIOBMS NPHMEYATEIbHEI TEM, YTO B 9THX
KOOpAMHaTaxX AanaMOepTHaH OT CKANAPHOM (hyHKLUHH CYIIECTBEHHO YTIPO-
wawres, oaHako B. A. Dok nomaran, uTo 3a HUMH Kpoercs Gonee rity-
OOKMIT CMEIC.

1.5.2. ¥Ypasnenun Makceenna

Eiiie pa3 HaTTOMHMM, UTO B paMKax 4-MepHoi o61LIei TEOpUH OTHOCHTEb-
HOCTHU TEH3OPHBIE BEIWYUHBI OIMCHIBAIOT KAK TEOMETPUYECKHME, TAK H
(dusuyeckue nouaTusi. K mocieaHUM OTHOCAT KaK BeLIECTBO (MarTepH-
QTBbHBIE YACTHLIBL), TAK ¥ TTONST, IEPEHOCAIINE HeTpaBHTAHOHHBIC B3aK-
MOJEHCcTBHA MeXIY yacThuaMu. Ocolyio 3HAUMMOCTE CPERH NMOCIEIHIX
HMEET ICKTPOMAarHMTHOE NONe, KOTopoe, — NOI00HO TPaBUTALIMOHHOMY
B3aMMOACHCTBHIO, — MeJUTEHHO YOLIBAECT ¢ PACCTOAHHEM. JTO NODYAHIO
o0CyXIeHHE JAJIEKO HIYLINX aHAIOTHI MeX Iy TpaBHTAITHEH U BIeKTpO-
MaTHETH3IMOM, XKETaHHE UX ONMACHIBATE CXOXKHM 00pazoM. OaHaKo MeXITy
HAMH HMeeTcd NPHHUWTIMAABHAA Pa3HUla: TPABHTAlTHOHHOS B3aHMO-
AeWCTBHE TEOMETPU30OBAHO, a NICKTPOMarHUTHOE — HET, YTo 0Oycao-
BWJIO ABAa HANPABJICHHMA MCCICIOBAHHIA.

INeproe HaNPARIEHUE HCXOAUT U3 MPHHIMIIHANBHOH BOZMOXHOCTH
TEOMETPH3aLUMH TaKXKe IEKTPOMATHUTHOTO MONS MOCPEACTBOM HEKO-
ro 0000UWIeHHA TEOMETPUH, UCTIONB3YEMOR B JMHINTEAHOBCKONU TEOpHU
FPAaBUTALIHM, YTO IIpUBEN0 OBl K 00BEIHHEHHIO TpaBMTaliuy. IIpu TakoM
IIOOXOAE 3AHIUTEHHOBCKYID OOLIYIO TEOPMIO OTHOCHTEIBHOCTH CAEAYeT
paccMaTpuBaTh JIMIIE KAK MNEPBRIA LIAT, TEOMETPUIALHIO IEKTPOMAr-
HUTHOTO MNONA — KakK BTOPOH 1Iar Ha AYTA TEOMeTPH3allid BeexX Nonei
TIEPEHOCYHMKOR BlauMozeiicTeul, MMeHHO Tak MoOHWMan AambHeiillee
pa3BuTHE 00NIEH TeOPUM OTHOCHTENBHOCTH caM A. DIMHNITEHH.

Jpyroe HanpapleHWe HCCIeIOBAHMI HAGNICHO Ha rmepedopMyin-
POBKY OOUICH TEOpHMM - OTHOCHTETBHOCTH TAKUM 0Opa3oM, 4roOs OHA
okazanacs Haubonee 6a13K0H TCOPHH NEKTPOMarHuTHoro noast, B ka-
KOH-TO CTENCHH 3TOT MOAXOL MOXHO WHTEPIIPETHPORATL KAK ITONBITKY
DPACCMOTPEHMA ABYX BHAOB B3aMMOLCHCTBHM HA edunoii ocrose, coom-
8EMCMBYIONEll (DUSUYECKOMY 2AKMPOMACHURTHOMY NOAIO.

BEInHILieM KLOUEBbIE TIOHATUA {HETEOMETPH3IOBAHHOMW) TEOPUM HIEK-
TPOMArHUMTHOIC MO B UCKPHBICHHOM NPOCTPAHCTBE-BPEMEHH.

I- BHE«KTpOMaTH"THOC ToNI€ OIMMMCBHIBACTCA 8EKMOPHBIM NOGMERKUIAOM
A, OTIPENENEHHBIM ¢ TOYHOCTBHIO N0 KATHOGPOBOYHEIX (TPAXMEHTHBIX)
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npecOpazosanmit

A =4+, (1.5.13)

rae f(z) — uekotopas cKangpHast QYHKLUHA KOOPRHHAT.
HHBapHaHTHBIH OTHOCHTENBHO KanuOpOBOMHEIX NpeobpazoBaHHi

MeH30p 3NeKMpoMazrimuoll Hanpaxcernocmu Fy, 3anuchiBaeTCs onMHa-

KOBO KaX B [U1I0CKOM, TaK M B HCKPHBACHHOM IIPOCTPAHCTBE-BPEMEHH

o4, _ o4,
gzt Ozv’

Fup=Ayy— Ay = (1.5.14)

Il. Hepsar napa ypasnenuii Maxcsesta TakKxe 3aMCHIBACTCS OAHHAKOBO
KaK B IUTOCKOM, TAK M B MCKPYRJIEHHOM NPOCTPAHCTBE-BPEMEHH:
dz*  Ozb i nd

[Ipu yuete onpenenenus (1.5.14) 3tu ypaBHeHMs NpeBpalIAiOTCs B TOX-
JecTBa.

=0. (1.5.15)

I\, Bmopas napa ypasuenni Maxcseara B MCKPURIIEHHOM IIPOCTpAH-
CTBe-BpeMEHY MMEET BUA

.1 B(/=GF™) 4r
v, F = = ( afv )=?gﬂ, (1.5.16)

e j* — IIOTHOCTL TOKA 3aPSAXEHHO MATePHH.

V. Tewzop IHEPSUU-UMNYALCE JACKIMPOMAZHUMHO20 HOAR, TIOMEIIAEMBIN
B MPaByl0 YacTh YpaBHeHHUI DiRIITEHA, TMeeT BUI

1 I
T(::; = —4—7; (RﬁF”a - Zg””FaﬁF“ﬂ) . (] 517)

OT1ciona cneyet, 9To ypaBHeHUA DHRIITEHHA I 29eKmpoeakyyma, 1. €.

B FIPHCYTCTBHH JIHIUb 3NEKTPOMATHHUTHOTO TIOAA, NPEACTARIAIOTCH B BHIE
2G 1

R#V = —?4- (F“aFf - ZgﬁyFaﬁFaﬁ) v (15]8)

3mech Y4TEHO, YTO ANS INEKTPOBAKYYMa B = 0.
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V. Biaumodelicmeie 3apasxeHnbix HACMuY C IFEKINPOMAZHUNHBLM NOAEM
ONMUCLIBALTCA MOCPEACTBOM 3AMEHbI YACTHERIX MIPOU3BOAHRIX HA «VATi-
HeHHble» NPOU3BOAHBIE
7 a ig
—— _} r——— —— —
ok oxk  ch’ ™

TIe ¢ — 3MEKTPHYECKHUIl 3apaM YaCTHIb.

(1.5.19)

1.5.3. YpaeHenne Kneitna—®oka

B ofuieif Teopu OTHOCUTENBHOCTU CKATIAPHEIE NOMA TAKKE ABRISIOTCH
HETEOMETPIYECKHMH, T. €. YYHTBIBAKTCA B PABOH YacTH ypaBHEHWI DitH-
wreiHa. Kparko rpuseneM OCHOBHBIE IOHATHS TEOPHH CKAIAPHOTO HOAS
B HCKPHBJICHHOM TIPOCTPAHCTBE-BPEMEHH.

l. B ofmenpuHsTO# TEOPHH TIPOCTEHIIHI BAPHAHT CKATSIPHOTO HOMS ¢
YINOBNETBOPACT ypasHenuwo Kreitha—Poka }

2
a4 (5 o=

&y dy¢ me\’
— gﬂv (B:E,uamu - Fzya?) + (a—&—) ¢=0. (1.5.20)

Il. Mpocreinii (xanonuneckuil) eud mexsopa 3uepuu-umnyasca s
HelUmpabHoZ0 CKAAAPHOS0 NOAX MMEET BUI

2
g mc
T =t + =° [(71_) ' - g“ﬂso,av,ﬁ} - (1.5.21)

TakuMm ofpasom, ypaBHEHUS DHHIITEHHA B NPUCYTCTBUH JTHUIb CKaRAD-
HOTO NIoAA 3a7TUCHBAIOTCH B BUIE

2
1 g mc
o 5w = (00 + % () €1 =5 0ars] )
(1.5.22)

VB JAWTEPATYPE 3TO YDABHCHME OOABLILE M3IBECTHO MO HA3BAHHEM YDABHEHME
Knetina—Topoona, oaHako B. A. @okom 0HO G5UI0 3anuUcaHo padbwie, yem ¥ Top-
JgoHa. Tlo 3Toi NpHuKHHE paj OTSUCCTBEHHBIX ABTOPOR 3TO YPABHEHHE Ha3bBAeT
ypaereHnem Kaeitna—®Poxa.
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HI, Caenaem neckonbko 3aMeyaHMt [0 TEOPHH CKANAPHOIO M0 B UG-
KPHBASHHOM MPOCTPAHCTBE-BPEMEHH,

¢ CkandapHoe 1ione B ¢H3HKe BBICTYMAET KaK BCTOMOTATE/IBHOE,
YOpOLUEHHOE NoNe, AyGnupyiollee B HEKOM MpyOnmkeHuy dulndeckue
nonst MHOR TeH30PHOM (WIM CIMHOPHOMH) PasMEpPHOCTH.

o [Ipu BBedeHMM CKAJMIPHOIO MOJA H3 PANIMH4HBIX (DH3IMYSCKMX
coo0paxeHUH, KaK npaBwio, nosyyaworca Oonee ofniHe ypasBHeHMA
CO claraeMblM, CONEPXKALIUM CKanApHYIO XpUBH3HY R:

2
[g“”VuVy + (%) + aR] w=0, (1.5.23)

[Ie @ — HeKkoTopas KOHCTAaHTAa. Ee¢ 3Ha4YeHWe 3aBUCHT oT criocoba mo-
JYYEHUS 3TOTO YPaBHEHMsI WIKH APYTHX coolpaxeHwit: a = —1/4 —
TIpH NONTydeHnH ypaBHeHusT Kneitma— @oka KBaapHpoBaHHeM ypaBHe-
HU#i Jlupaka B HCKPUBIEHHOM NpPOCTPRHCTBE-BPEMEHH; @ = —1/3 —
IpH BeiBoAe ypasHeHUs Kielina—®Poka Ha ocHoBe (hei{HMaHOBCKOTO
cyMmMipoBaHHa o uctopuaM B OTO; a = —1/6 — npu TpeGopanun
KOHGOPMHON WHBAPHAHTHOCTH (CM. HMXKe) YpaBHeHM Wi Gesmacco-
BOTO CKAJNIAPHOTO TIONA.

e B nuTeparype MOXHO HaiiTH Gonee croxHble, Hexenu (1.5.21),
BeIpaXEHUS 1A TEH30pa SHEPTHM-HMMITY/IbCA CKamsipHoro nonsa. Oco-
OEHHO 3TO OTHOCHTCH K CIYMasM 3apsKeHHBIX CKATAPHEIX MOJIeH,

1.5.4. O6beauHeHHe ypaBHeHUt IAHLWITeAHA,
Maxceenna u Kneiina—®Doka 8 pamkax
S5-Mepwa (NpenBapuTenbHLIG 38MEe4aHN])

Kak yxe 0TMeYanock, pAIOM aBTOpOB NPEITPUHUMANUCE TOMBITKY I'¢0-
METpH3aLIHH ANeKTPOMardWTHOrD TIONS B paMKax 4-MepHoOH 06o611eH-
Hoil TeoMeTpUM, OZHaKo Handoee eCTECTBEHHLIM OKAa3aicfl Crocob,
otkpuiTenit T. Kanyueit. OH ocHOoBaH Ha HMCIIONB3OBAHWH PUMaHOBOH
reoMeTpMi B 5-MepHoM npoctpancTee-ppeMeHd. T. Kaayua oGnapy-
KW, YTO €cM YBEIMYHTE PAa3sMepHOCTE NPOCTPAHCTBA HA ¢AMHMILY, TO
B 0600WeHHOH TakuM ofpa3oM TeopHUH JHHINTEHHA BO3HHKAKT 10-
NMOMHUTENbHBIE CTENEHU CBOGOOBI, KOTOPBE MOXHO HCIIONB30OBATh IS
OMUCAHMS 3ACKTPOMATHHTHOTO mofs, [MoscHum naeo Kamyiwr.
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l. CornacHo o61MM NPUHLIMNAM PHMAHOBO#H TEOMETPHH, B 5-MEPHOM

2
MHOrQoGpasHi BMecTO KBajpaTa 4-MepHOTQ WHTepBana d§ ciemyer
BIATL 5-MepHBIA MHTEPBAN

dI’ = G p de’dz®, (1.5.24)

rie uHpekcH A u B npuduMatot sHavenus: 0, 1, 2, 3, 5. ([Moka neaekc 4
MPOTYCTHM — OH GYIeT HCIIONB3ORAH NPH M3A0XKECHHH BapHanTa 5-Me-
pus KneitHa—®oka.) KoMnoHeHTbl 5-MEPHOTO METPHYECKOTO TEH30pa
(G 45 00pa3yIOT KBAOIPATHYIC 5 X 5-MaTpHiry, B o0HIEM CTyYag HMEIYio
15 pa3nHIHBEIX KOM[TOHEHT:

Guw Gou Gu Gp | Gos

Gon Gn Gn Gin|Gis G |Gps
Gap=| G Gu Gn Gn |Gy | = —
Gy Gy Gn Gun G Gsy|Gss

Gsy Gs;. Gz Gsz | Gss

) A
S| I 2 (15.5)
ﬂszs

3mech TpeYecKHe HHIEKChI (¢ ¥ ¥ TIO-TIPEKHEMY TIPUHMMAIOT YeThipe 3Ha-
senus: 0, 1, 2, 3. Kanyiia nokasan, 9To koMnoneHTaMu G 45 MOXHO pac-
TIOpSANTECS CIEAYIOIIMM 06Pa3oM: AeCATh KOMITOHEHT G, (TOuHEE, Ae-
CATb KOMOGHHALMA U3 HMX) CHENYET COTNOCTABUTL ¢ KOMIIOHEHTAMHU g,y
afiHurteitHorckoit OTO; yeTblpe KOMNOHEHTH (s MOXKHO CBS3ATE C Ye-
TBIPbMA KOMIOHEHTAMHA 3NEKTPOMATHUTHOTO REKTOPHOTO NIOTEHIMANA A,
1 OCTAeTCs elle OMHA, «THIIHAA», MATHAAUATASE KOMIOHEHTa G55, KOTO-
pas, B IPHHIIMIIE, MOXET OMHChIBATh KaK0e-TO HOBOE CKANAPHOE IToJIe.

Il. JlaHHaq TpaKTOBKA KOMIIOHEHT 5-MepHOW METPHKH BRI3BIBAET MHO-
XecTso BonpocoB. QHM BOJHUKIM W y JiHuTeiiHa, korga B 1919 roay
Kanyiia npuc/ian eMy Ha OT3LIB CBOKW cTaThio. B croem muceme x Ka-
ayue oT 21 anpensa 1919 roga JifHInTe#H nucan: «Mbichb, YTC 3MEK-
TPHYECKOE TIONE ABNACTCA ,, MCKATEYSHHOH“ BETWYHHOM. .. TAKKE 4acTo
M HACTOHYWBO NMpecienopana MeHA. QIHaKo MHe HHKGOTAA HE TPHXOAMIO
B TGJIOBY, YTO 3TC MOXHO NOMYYUTE B 5-MEPHOM IWTHHAPUYECKOM MUpE;
TaKas WA BBIISAWUT COBEPLIEHHO HOBOM., Bawia MBICTB ¢ MEpROTO
B3rNAAA OYeHhb MIOHpaBIUtach Mie... Ecmu pH Goee IeTambHOM YTEHWN
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¥ MEHR HE TMOABUTCA CEPLE3HBIX BO3PAXKEHMIA, s OyIy pall IpeacTaBuTb
Bamy paGoTy B 3aeltHed AKATEMHU».

310 BhICKa3biBaHye DHHLITeHa cieanyeT noscHUTh, Kak H3BeCcTHD,
B Teopun Makcrenia KOMMOHEHTH A, 06pa3yloT TEH30p HATIPSIKEHHO-
ctu Fy, cormaciio dopmyne (1.5.14). B HcKpuBiIeHHOM {PUMAHOBOM)
NPOCTPaHCTBE- BpeMeHil CBoeoBpasiLIM aHAIOTOM HAINPSXEHHOCTH SB-
JSUOTCs1 cHMBOasl Kpuctoddens:

_1{8Gas | OGsc BGAC)
Fu # Tacn = 2( 0z¢ ' dzA  8zB )

[lyctb ofmH M3 MHAEKCOB (cKaxeM, C) paBeH 5, a OCTaIbHble — IPUHH-
MaloWMMH 4-MepHble 3HAYeHUsl. KpoMe TOro, nocTyiupyeM, 4TQ KOM-
NoHEHTHl G 4p HE 33BUCAT OT 5-# KOOpAMHATH (ITO TAK Ha3blBAEMOE

yenosue LunuHapanocty o ©° ). Tpu conoctasnernw ¢ (1.5.14) umeem

1 SG,,,, 0G5 ac,,s dA, GA#
= 5+ - — - =F,,, (1.5.27)
2\ Pz Hxk dx dxe  Qzv :
TO ECTH KOMITOHEHTB! TEH30pd HAMDPAXKCHHOCTH 2JIEKTPOMATHHTHOTO HOJA
OKa3aTHCh «HCKAIEYEHHBIMH» KOMTIOHEHTAMH 3-MepHoro cuMmBona Kpu-
croddenst.

Takum 06pa3oM, TOTIONHHUTENbHOE, N9TOE H3MepeHHE IPOSBIAETCS
B BHAE CMEILAlIHbIX KOMNOHEHT S-MePHOro METPHUECKOTD TEH30pa G',us

W KOMMOHEHT 5-mepHoro cuMmbona Kpucroddens.

(1.5.26)

F,uS,ﬂ =

1. 3aberas Briepen, OTMETHM, YTO 5-MEpHas TEOPHUS IPABHTALIMM U IN1EK-
TpomarHeTMama Kanyus! o6Gnaaser psIioM HeCOMHEHHBIX NOCTOMHCTB,
B aurepaTtype WX MHOIAA HA3bIBAIOT «uynecamu» Teopuu Kanyubi. Onu
OyayT 1a3maHel B rinase 6.

KoHTponbHbie 3apanns

1. 3amucars ypasHenne Kneitna—®oka (I) p rapMoHuteckoll Koopan-
HaTHO cHcTeMe.

2. Mokadats, yto ypasHeHue Knelina—Poka (1) 115 Gesmaccosoro cxa-
NSIPHOro Nofd ARIAETC KOHGOPMHO HHBAPUAHTHLIM NPH 3HAYSHUH
KOHCTaNThl @ = —[/6, ecnn diyHKUMA ¢ 1pU Mpeobpa3nBaHHUAX
(1.4.14) wamensieTcs no 3akoHy @ = e .

3. Tloxasate, yro BTOpas mapa ypaeHenuil Maxceera (1.5.16) B BaKy-
yMe B 4-MEPHOM HPOCTPaHCTBE-BpeMeHH KOHGODMHO HHBAPHAHTHA,
€CIH npH KOHGOPMHLIX NpeofpPazoBatuAX METPHKK KOBaDHaHTHBIES
KOMIOHEHTbE BEKTOPHOTO NMOTEHLHATA He M3MEHAIOTCH.
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§ 1.6. MapannenbHulA NEPEHOC
U reomeTpmuu CxoyreHa

B3rngHeM Ha BBeOeHHbIE NMOMATHS DMMAHOBOH TEOMETPHM C MO-
3MUMEA caMblx OGIIMX IuddepeHUHManbHuIX reoMerpuif. OTMeTUM, YTO
IUGepeHUMANBHEIE FeOMETPHI OIIMPAIOTCA Ha Caenylowme tpu dak-
TOpa: Ha METPMKY, NOHATHE NAPAINENLHOIO NEPEHOCA W TOMOIOTHIO.
O MeTpuke yxe 6bLIO CKAa3aHO Bbillle. 31€Chk pacCMOTpHMM B Haubonee
obLIeM BMAE MOHATHE NAapaLIeNBHOrO NEepeHoca CMEIISHUH MAY TeH-
30PHEIX BETHUMH.

1}

1.6.1. NapannensHblit NepeHoC

l. B camom oBuem cryude MapanielbHEIi TePeHOC MATOro CMELIEHUA
AB ¢ xomnouentamn 6z" ua Toukn A B 6aM3Kylo Touky C (BoOnb
Majioro cMelenus AC ¢ KOMIOHEHTAMH dm‘“) ITPHBOOUT K HOBOMY
cMmemeHnio CD ¢ KoMnoHeHTamu {cM. puc. 1.4)

AT* = bz — Kby dz” o2’ (1.6.1)

rae K ;‘ﬂ — k020 OWHHUEHTEl CBI3HOCTH, 3aBUCANINE OT KOOPRMHAT.

D(z* + dz* + 65 %)

Alz")

Puc. 1.4. TMapanne/ibtblil NepeHOC 0OHOMO MAR0re CMEeLEHWS BAONbL APYroro
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Il. OnpemenuM NAHHY Pe3yIBTHPYIOLLETO cMelneHus CD
(d5")cp) = 9 (C)ST 45" (1.6.2)

HMcnonssyn onpenenenue (1.6,1) u paanaras g, (C) B paz Teitnopa (c Tou-
HOCTBIO IO BETHYHE EPBOTO MOPAIKA MAIOCTH BKITIOYHTEBHO), HMEEM

g
(d8")cpy = (9‘;;»(44) + 895':" dm") (62" - K he dz®62" ) x

x (02" ~ K}, de62”) ~ (ds%) um) +

i fnd
= (d5”)up) + Guls 42”62”62, (1.6.3)

FI€ §uy)e ODO3HAYAET KOBaPUAHTHYIO ITPOM3BOIHYIO METPHYCCKOTO TEH-

Ve
+ ( I - Kgygkv - ngg)\p) dz’ sx*dx” =

30pa OTHOCHTEIBHO 0000LIeHHLIX X03(hGULHEHTOB CBA3HOCTH Kﬁﬁ,
samensuotux B (1.3.20) cumsonst Kpuctotipens, Takum o6pa3oM, obob-
W{enHAs KOBAPUAHMHKAA APOU3IEO0HAR OM Mempuveckozo meniopa onpede-
ARem uaMeHeHue OAuHbl CMEWEHUA NPU NAPGAREALHOM NEPeHoce.

(d8%)cp) — (49%) 4By = Outo 427 82402" = Qe 62*65” dz”.  (1.6.4)

HI. Paccmorpum uacTHbIR cydail mapaniensHoro meperoca (1.6.3),
TIPY KOTOPOM COXPaHSeTCH MHA TIEPEHOCHMOTO CMELIEHU, T. &, TIPH
BbINOMTHEHWH YCITOBHUSA

a .
Guvle = % = Kopy — Koy =0. (1.6.5)

HoGapnsisi K 3TOMY COOTHOUIEHWIO €IN¢ IBA C COOTBETCTBYIOHIMM 00-
pasoM TIEPECTABIEHHBIMKE HHASKCAMHM M 3HAaKaMM, TIPHXOOUM X BHIpa-
XEHMIO, CBA3bIBaIOLEMY KO3 duunenTs cBa3HocTH Ky » W CHMBONLI
Kpucroddens:

l
P,uv.er = 'j‘ [(Kv,u,a +K,uv,a') + (Kw,,u - Kay,,u) + (Kp.a,v - Kap,u)] .
(1.6.6)

U3 (1.6.6) creayer, uto oBobmeHHbie K03dhUIHEHTH! CBI3HOCTH COB-
NMaganT ¢ cuMBonaMu Kpucroddens, eciri OHM CHMMETPUMHDBL IO HUX-
Heill nape HHIEKCOB.
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D(z* + da* + 85*) D'(z" + 8z* + dE)

B(z* + dz")

C(z* + de*)

dz¥

A(z")

Puc. 1.5, TeOMETPU4ECKUIA CMLICT TEHIoPA KPYYeHWs

IV. O6cymuM reoMeTpHHeCKii CMRBICT aHTHCHMMETPHYHOH 9acTH 0606-
IIeHHBX KO3hhUIIHEeHTOB cBA3HOCTH, LA 3TOro, BHECA COOTBETCTBY-
otre UaMeHeHuA B (1.6.1}, napanmensHo MepeHeceM Manoe cMellleHe
AC saponb Mamoro cMmetuenms AB cornacHo dopmyne

dE* = dz¥ — K!,6z" da. (1.6.7)

B wurore momydnM Hoeoe cmeinenie BD', rae Touka D' umeer koop-
THHATHI

D" =¥ + 6z + dZ¥ = 2* + 82¥ + da¥ — K'yiz° dz’, (16.8)

tie z¥ — koopauHatbl To4kH A (cM. puc. 1.5). Yuurteiasi, uto koopau-
HaTH TOYKH D), TIOIyYeHHON B pe3yIbraTe MEPBOrO fIepeHoca, UMEIOT
IHAYECHUS!

D* =g + da* + 6% = z* + da* + 2% — K!; dz®62’,  (1.6.9)
HaxOdHM XOMITOHEHTBI Maanoro CMeICHHA

D* - D" = (K, - Kb,) da”62" = 28%; 42”6z, (1.6.10)



§1.6. flapannensusid neperHoc 1 reomerpitn CxoyTeHa 67

rae, COrflacHO CTPOrOil TeopeMe YaCcTHOro, BeNMYKHA
5w b i
Sﬂﬂ —_ E(Kaﬁ_Kﬁa) (1.6.11)

AsAeTcs TeH30poM. QHa HaswBaeTCs menzopom Kpywerusa. Kak noxasa-
HO Ha pMC. 1.3, meH3op Kpyvenun omeemcmeeHer 34 HAPYWEHUE NPAGUAQ
napassesoepamma (BO BTODOM NPUOIILKEHUH IO MATBIM KOMIIOHEHTaM
CMeLUeHRHUit).

V. K TeH30py KDHBH3IHEL, BBCI{CHHOW paHee KOMMYTalHeH BTODBIX
KOBAPWAHTHHIX TPOH3IBOAHBIX, MOXHO TNMPUATH JAPYIMM TIYTEM, pac-
CMaTpHBas TIapaUielIbHLIR [epeHOC MPOU3BOILHOTO BEKTOpa (TeH30pa)
Mo 3aMKHYTOMY KOHTYpY. IlapannensHo nepeHocsd NpON3BOABHEIH TeH-
3op Bﬂf H3 MPOH3IBOJIBHON TOUKH 4 B TOYky D) BEONB pa’sTHIHBIX
CTOpPOH mapanjiesorpaMma (cM. puc. 1.6), MOXHO yGeHTECA B TOM, 4YTO
Tensop PuMana— Kpucroddens onpenenser pa3HOCTb KOMIIOHEHT TEH-

B0 |1 5 ooy

B,(B)

A(z")

Puc. 1.6. BeefeHvie TeH30Da KPMBW3HE! NOCPEACTROM NApanIenbHOrc
nepexoca BeKTopa (TeH30pa) No 3aMKHYTOMY KOHTYRY
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30pOB, MEPCHECCHHBIX U3 OAHOH TOYKU B APYTYKY (ban3ky0) IByM# pas-
HBIMH TTYTIMH:

ABY (D)~“Rm - d8%T — Rﬂn DdsT g,

(1.6.12)
TIe
ds”" = d2’ g - dx" 62

— TUowWans napawrenorpaMma ABCD. PaBHOCHIBHO YTBEDXIEHHE, 9TO
TEH3IOP KPUBHMIHBL ONPEAENAET PAIHOCTL KOMMOHESHT TEH3OPOB: HCXOI-
HOrO K IOAY4KBIIEIOCA B PE3YNLTATE IepeHoca N0 3aMKHYTOMY KOHTYDY.

VI. Crenyer oT™MeTHTL, UTO B 060GILEHHBIX mnpdepeHIHANTEHEIX ‘reo-
MeTpusix TeH3op Pumana—Kpucroddesns sanuceisaetes B CTAHIAPTHOM
Bufie uepe3 oGoDieHrble KO3GMDUUHEHTH! CBAHOCTH. DTO NPUBOIMT
K PRIy MHTEPECHBIX CIeacTBUA. HasopeM HecKoibKO M3 MMX,

* B reoMerpMsx ¢ cerMeHTapHOi KpHBU3HOM HAPYIIAETCA CBOICTEO
AHTUCHMMETPUM TeHsopa Pumana—Kpuctothdens no neproit nape uu-
AeKcoB. DTO 03HAYAET Ha/IMIME CHMMETPHYHOM COCTaBSIONIER Mo Tiep-
BoOil nape WHAeKcoB. [TpH CBEPTKE TeH30pa 10 3TH UHASKCAM BO3HUKAST
AHTHCUMMETPHYHBIH TeH20p BHIa

R: 5 = Fap = —Faa, (1.6.13)

npencTaBuMbiit B hopme (1.5.14), uTo no3poanno DANMHITOHY €ro Tpak-
TORATE KaK TEH30P HATIPXEeHHOCTH AJIEKTPOMArHMTHOTO MO,

¢ B muddepeHUManEHEIX TEOMETPHAX ¢ KPYYEHHEM MMEETCA KIace
TIPOCTPAHCTE ¢ a0COMIOTHLIM NApamienu3MoM. OHH NPUMEYATEIBHb
TeM, YTO B HHUX TEH3I0p KpHBM3Hbl Pumana—Kpucroddena ¢ zame-
HEHHEIMH cuMBonaMu Kpucroddens Ha obobuiernbie Ko3pHHMeHTr
CBA3HOCTH paBHel Hymo. [IpH 2TOM TEH30p KPUBMIHBI, BEIYUCACHHBIN
yepe3 cMMBOIEL Kpuctoddens, oT/iHYeH OT Hyss, T €. B HUX pHMaHo-
Ba KPUBU3HA KOMIIEHCHDYETCS KpyueHHeM, MHOIMMH aBTOPaMU, B TOM
yucie M caMuM DHiHuITeWHOM, reoMeTpuM ¢ abcomioTHBEIM Mapaane-
TU3MOM TIONPOOHO aHATHIUPOBATHCE ¢ [ENBI0 MOMCKA HX BO3MOXHBIX
(PUIHYECKHUX HPUWIOKEHHH.
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1.6.2. feomeTpyn CxoyTerHa u ux NpUMEHeHVR B GH3nKe

I. Haspausple Boiliie 0606IIEHUS PUMAHOBOI TEOMETPHH HEONHOKpAT-
HO aHaAu3upoBanuck B XX sexe. OCHOBHBIMH noﬁy.uu‘rcnbﬂbmu MOTH-
BaMM IUTA 3TOTO OBUTH CREIVIOIUHE.

o Kax DitiuTeliHy, Tak U JpyTRM HCCTeA0BaTe M, OBITO ICHO, ITO
00111as TeOPHA OTHOCUTEIBHOCTH He MONTHA B TOM CMEICTE, UTO B €¢ paM-
KaX ylanoch reoMeTpH3IORaTh M1 MPAaBUTALHOHHOE BIaUMOHAeicTBHE.
Octpo oldyllianach HeoOX0IUMOCTDE TEOMETPH3ALHY, o KpaitHeit Mepe,
elIe ORHOTO BIAUMOALHCTBUA, MEANEHHO YORIBAIOLIETO C PACCTOAHHEM, —
3NeKTpOMarHuTHoro. B paGorax Takoro poaa I1aBHoe BHUMaHHE yie-
JBUTOCh BBEJEHHIO TEOMETPHYECKOr0 BEKTOPHOIO fOJs1, KOTOPOE MOXHO
GBL10 Obl OTOXAECTBUTE C 2MEKTPOMATHHTHBIM BEKTOPHBIM NMOTEHLIMANOM.,

¢ HesapucHMO OT 33139y FCOMETPH3ALMH /EKTPOMArHETH3MA, YC-
nex B [COMETPH3aUMKY TPABATAUMHK NOOYRMS MHOMMX MCCHAeROBaHMI K
NMOMCKY u3udecknx nposereHuit fosee obuiux M depeHIIHATbHEIX
TEOMETPHHA.

¢ B teyenue scero XX Beka mpeArpUHHMAIIMCE HACTOIYWRBIE MO-
TILITKY ITPEOAONETE PAA «TPYAHOCTEH» 0BUIEH TEOPHH OTHOCUTEALHOCTH,
TaKMX KAaK HETEH3OPHBbIH XapakTep cumponor Kpucroddens, orcyr-
CTBUS 32KOHOB COXDAHEHMS, XPUTCPUEB TPRBUTAUMOHHBEIX BONH M T. 1.
IlockonbKy B pamkax cTaHaapTHOH GopMYTHPOBKH o0LIe TEODITK OT-
HOCUTENLHOCTY STOTO HE YAaBAICCh Ce1aTh, HCCNEROBANUCE 0D001IEeH-
HHI¢ TEOPWH IPABHTALIMY HA OCHOBE reoMeTpuil CxoyTeHa.

il. Jannoe nanpasaeHue uccienoBaHMit Hayanoch ¢ pador T Beis
(cM. [11]), xoTOpBIi, OHITaACH FEOMETPUIOBATD SNEKTPOMATHETHSM, OT-
KPbL1 NEPBLIA BUI HEDUMAHOBOH reOMETPUH — TaK HAIBIBAEMBIA 8bi-
poxcOennvil CIIy4ail TEOMETPHM € HEMETPHWUHOCTLIY, TAe 0000iIeHHasn
KOBApHMAaHTHAS MPOU3BOAHAA OT METPMYECKOTO TEH30DA MPENCTARNAETCA
B BHJC TIPOHIBEIEHHS OBYX TEHIOPOB

Qﬁ'wa = zg,uu A, (] 6.1 4)

Bextop A, GulIO NpeaNoXeHO OTOXAECTBUTD (UePe3 Pa3MEPHEI Koa(-
bUUMENT) C BEKTOPHBIM MOTEHLHATOM eKTPOMAarHHTHOrO 1ojst. Jlerko
BHAETb, 4TO B Teopuy Beiina xoadduuvenThi CBA3HOCTH NpeACTaBNs-
I0TCH B BUAE

Kﬂ!}.a’ = F.“y.o- + ngAa' - gua'Ay - gyg-A#- (1.6. 15)
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Ifl. Bexope A, C. anuHrroHoM [13] 6bi10 noKa3aHo, 410 B LEASX reo-
METPU3aUMY 3IEKTPOMATHETH3MA MOXHO MCTOAL3OBATL 00K cayyai
TCOMETPHH C CETMEHTAPHOW KPHBH3HOMN, KOorga Ko(MGUIMEHTH CBA3-
HOCTH MPEeICTABASIOTCA B BHIE

: 1
K,uu.z:r - F,uw.a' + E(Q.uun - Qluav - Quau)- (1616)

TeH30p HaTPXEHHOCTH AICKTPOMATHUTHOTO TIOJIsT F),,, OTCYTCTBOBAB-
ILHA B pHMAHOBOH TEOMETPUMM, OBLLTQ fPeqIcKeHO ONPeaeanTh B BUIE,

_ 0% 928 Ofa (1.6.17)

rae BBEACHA BENUYHHA, 110 3aMBICTY aBTOPd COOTBETCTBYIOLAAA SNEKTPO-
MArdMTHOMY BEKTOPIIOMY IIOTEHLIWATY,

Ao = KB, =T — Qb (1.6.18)

Jlerko BugeTh, YTO TAK ONpeleNeHlias BelnyuHa A, He ABTAETCH BEK-
TOpPOM, TOIIa Kax BeJinYNHa (1.6.17) SIBAAETCH AHTHCHUMMETPHYHBIM
TEH30pOM BTOPOFO paHTa.

OTMETHM, YTO HA3BAHHLIE BAPUAHTH! «CAMHEIX FT€OMETPH4ECKHUX TEO-
PMI TPaBUTALMM U WIEKTPOMATHETH3MA» HE BhUIEPXKAIN UCIIBITAHUA BpE-
setrem ? 110 HECKOTBKHM niprarHaM. Cpeny HIX Ha3bIBATHCE TDYNHOCTH
¢ OMpeRe/ICHUEM TEH30Pa FHCPIHH - HMITYTRCA SNEKTPOMarHUTHOTO TIONA,
3aTPYAHEHNA ¢ BBe¢AEHHEM CHAB JlopeHua B ybaBHeHnﬂ IOBIDKEHUA 3apa-
XKEHHBIX YaCTHLL M APYTHe.

IV. Teomerpusa ¢ kpyueHHeM Gbila oTkpeiTa 3. Kapranom (cM. [11]) 8 Ha-
qane 20-x rogos XX Bexa. OHa SBUIACH BTOPHIM BUAOM ([TOC/IE reoMeT-
puiu Beiuia) HepuManosoit TeoMeTpuM. YacTuble Cy4yad NpOCTPaHCTs
¢ KPYYEHUEM UCCAEN0BALMCH HE TONBKO C LEbI TEOMETPU3AUUM Jex-
TPOMArHeTH3Ma, HO M B TIOMCKe HOBbIX (D(EeKTOB reOMETPHYECKOTO
NIPOMCXOXIEHHS. B OTCYTCTBUE CeIMEHTAPHOM KpUBM3HBI 0000LIEHHan

2 B Tevenne Goee 10 neT DitHiuTeity kosicfanca, Kakoi BapHadT obobeHdi croel
TEQPMU TIPEATIONECTL: 4-MEPHYIO 0GOGIWIEHHYIO (HEPHMAHOBY) TeOMETPHIO ¢ He-
METPHYHOCTBIO HAN OCTATHCA B PAMKAX PHMAHOBOH TEOMETPHH, HO YBEIHUHTDL €¢
pPa3MepPHOCTL A0 nsTH, kax npeataran T. Kaavua.
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CBA3HOCThL CHICIVIOILUM OOpa3oM 3aMMCHIBAETCH 4epe3 cuMBOIHL Kpu-
cTo e U TEH30P KPYyueHUs::

Ky, =T4, + 85, + 5%, + S5y (1.6.19)

B cepum pabor ®urkenbinTeHA NTPELTAraiach eqMHasd TeOMeTPH-
yeckas TEOPUA 10JIA Ha OCHOBE NPOCTPAHCTB ¢ KpydeHHeM. B 4acTHOCTH,
B 9TOii TEOPUH B KAUSCTBE SMEKTPOMATHHTHOTO BEKTOPHOTO MOTEHIHANA
(c TOYHOCTBIO 10 pasMepHOIo KoXh(DHITHEH TR, TPOTIOPLMOHATHHOTO /€K~
TPHYECKOMY 3apsAAy) Mpe/Tarafoch pacCMATPUBATE BETHIHHY

2ed, = Kb, — Tk, =284 . (1.6.20)

Kak yxe orMedanochk, SHHINTEHH B TFOCHETHWE TONBI JKU3HN HCCITE-
JIOBAIL 220MEMPUIG C HECUMMEMPUMHOU MempuKol, TOC AHTHCUMMETPHY-
HYI0 YacTh METPHKM NIPEANONATANIOCE CBA3ATD C TEH30POM HATIPSKEHHO-
CTH JeKTpoMarHHuTHOro monst F,, . Takylo Teopuio MOXHO [OHHMATh
KaK CnelHaNbHBI caydail TeOMeTpUMM ¢ KPYYeHHEM, HpHMblKaIOlllCﬁ
K BapuaHTaMu Teopuii PUHKenbIITERHA,

V. Onupasice Ha HaloeHHbie 0BOBILEHHS reoMeTPUM PHMaHa, B KOHLE
20-x ronos XX pexa f. A. CxoyTeH npoaHaH3upoBal middepeHLn-
ATEHBIE TCOMETPHH, YIOBIETBOPAIOILHE PANY €CTECTBEHHBIX YCIIOBHIA,
W ToKajan, yTo B CAMOM OOILEM CIIydae TaKue TeOMeTPWH XapaKTepH-
3YIOTCH TPEMA W TOMBKO TPEMSA TEHIOPAMU — «CXOYTCHAMH»!

1) KOBapHAHTHOW TIPOM3BOHON OT METPHMYECKOTO TeH3opa u3 (1.6.3),
Ha3bIBACMOI /MEH30POM HEMEMPUHHOCTIY VTV COZMEHMAPROL KPUGUINO,

2) TEH30pOM Kpy4eHHs Sf:ﬁ, onpeaeneHHuIM B (1.6.11);

3) pasHocTeio 0GO0LEHHBIX KOMDGUIMEHTOB CBA3HOCTH Al Tepe-
HOCA KO- H KOHTpaBapHAHTHLIX BEJIHYHH

Waﬁ = K Kaﬁ, (1.6.21)

rne K f:ﬂ — K03hGUUHeHTs CBA3HOCTH TIADALIEBHOTO MepeHoca

KOBAPHAHTHLIX BelHYHH. Jleno B ToM, 4TO B 0000WEHHBIX aud-

¢eperlIHaIBHBEIX TEOMETPHAX KO- M KOHTPABADHAHTHHIE BEJIHYM-

Hbl MOTYT MEPEHOCHTBCA ¢ TFOMOTIIBIO PasTMYHEX KO3¢hdUIHEHTOB
CBAZHOCTH.
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Kaxnprif H3 Tpex CXOYTEHOB MOKET GbiTh IWOO HYNEBBIM, AMBO BLIPOX-
[NeHHbIM, T. €. IPEACTABKMMbIM B BWIE NMPOU3BeIeHMA TEH30Pa HA BEXTOD,
A60 [IPOU3BOABHBIM, — B MTOTE NPHXOAHMM K BHBOMY, YTO MOXeT GHTh

P =27

TUNOB IUPDEPCHUUABHBIX reoMeTPuil. B obuieit TeopUY OTHOCUTENB-
HOCTH HCHIOAL3YETCS CAMEIH NMPOCTOH THN — PUMAHOBOMH reOMEeTpHH, —
THE BCE TPU CXOYTeHa NPUHMMAIOT HYJIEBbIE 3HaUEHMS.

VI. Caenaem psan 3aMeuaHuit 10 MCNOIL30BAHMIO B (DHU3MKE TeOMETPHIE
CxoyteHa.

« B auteparype obcyxnamich, MEONOYMCASHHbIE KOMOMHALIMN U3 Ha-
3BaHHBIX YACTHLIX C/IydyacB 0DoBjIeHHBIX TeOMETPHM, B HACTHOCTH, Teo-
PHUM C HEMETPHMYHOCTBIO W KPY4YEHHEM, KBAIDATHYHBIC TEOPHH € Kpyue-
HHEM, C HEMETPUYHOCTBIO M T. .

¢ ABTOpDY HEH3BECTHBI HOCTATOYHO PA3BUTbLIE BapHaHThL (hHU3KKO-
T€OMETPUYECKUX TEOPHIt, B KOTOPLIX GBI MCIIONL30BANCH TPETHH CXOYTE-
HOBCKHI TeH30p. BMAKMMO, 3T0O CBA3AHO C KIIOYEBHIM XapaKTEpPOM MET-
PUYECKOTO TEH30PA B TEOPHU. [1PH €ro HANMYHK HET HYXKIbl OTAETLHO
BROIMTB pasHbic Ko3dbuuUeHTb! CBRIHOCTH A4 NepeHoca (anddeper-
QUPOBAHUA) KO- U KOHTPABAPUAHTHHIX TEH30POB,

¢ Ananm3upopaBlivecs puankamu AHGbGEpeHILMATLHBE TeoMeT-

PWH MMCIOT JENO ¢ TpeMsl THITAMH H3MEHEHHIf TEeH30PHBIX BEJINYHH
NpH TI2PaANeNLHOM TTepeHoce:

1) POBOPOTHI (BpallleHHs) OITUCHIRAIOTCS PUMAHOBOM TeoMeTpyei;

2) nedopManuu (M3MeHEHMS! JUTMH) OTTUCHIBAIOTCS TEOMETPHEH ¢ cer-
MEHTAPHON KPHEU3HOM,

3) cBocoGpasHue TPAHCAAUMA (CLBHIH), NPOABNAIOILWECH TPH Ha-
PYUIEHHK MPaBUNa MapannenorpaMMa, OMUCHIBAIOTCA TEOMETPHER
C KpyueHHeM.

¢ OcoGo noauepkhenm 10T GaxT, 4TO BCE HasBaHHble 0DOGILEHHbBIE
IEOMETPHUYECCKUE TEOPUM HEb3d PACCMATPMBATE KAK ANETEPHATUBHbLIE
TEOPHUMA PABUTALMM, KAK MHOIAA 3TC AEJAI0T, a OHY ABAAIOTCH 000bILe-
HUAMY UMEHHO 3HHIUTEHHOBCKOA TEOPHM, KOTOpas COAEPXKUTCA KAk
HEKOe YHUBEPCAILHOE HEM3MEHHOE AAPO BO BeeX 0000LIECHHBIX FeOMET-
PUUECKHX TEOPUSX,
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KOHTRONMbHWE 3anaHNA

. Tloxa3aTs, 4TO B reoMeTpit1 DIIMHITOHA CO CBA3HOCTLIO Biina (1.6.16)
AMEET MECTO COOTHOWIEHHE

Ry s =Fay = ~F,, (16.22)

e F,3 onpenenexo B {1.6.7).
. 3anycaTh CKaNApHYo KPUBW3HY B TeopuM Beilng, the cBA3HOCTS
nmeer Bua {1.6.15).

. 3anucarb CKaNAPHYIO KPUBUIHY B FEOMETPUH C KPYUCHHEM, TIE CBA3-
HOCTb MMeeT Bia (1.6.19).



fnasa 2

fIpocrparncreo-spems B6/IM3N
rpasuTHPYIOWNX HCTOYHNKOB

Haiigem dmspveckn Haubonee BaXHBIE PEUIEHKs YPABHEHHIT DiiH-
WTeHHa W abcynHM TJtABHBIE CIEACTBUS KMACCHYECKOH TEOPHH TpaBu-
TALlHK. ‘

§ 2.1. MeTtpuka LUsapuuwmnbpa

HauHeM ¢ pacCMOTpeHHs Haubonee CyIECTBEHHOTO PELIeHHS yYpaB-~
HenMil DfiHiurefiHa — ¢ METPMKM NpPOCTPAHCTBA~BPEMEHM, CO33aBae-
MOH KOMIAKTHBIM COEPUUECKM CHMMETPUYHBIM MATepHalbHbiM 00b-~
ekToM. MMeHHO 3Ta MeTpuKa, HaspiBaeMmass MeTpukoi leapumunbna,
€ JOCTATOUYHO BBICOKOH CTEICHBI) TOYHOCTH OIMHUCHIBAET MPOCTPAHCTRO-
Bpems B ConHeyHOM CHCTEME M B OKpecTHOCTH 3eMIM. Vi3 Hee B OCHOB-
HOM RPHONMKEHUM BbIBOAUTCH 33K0H BCEMUDHOIo TArotenus HelotoHa,
a B cneayoweM npulbIMXEHUHM BHMHCAKIOTCA U3BECTHBIE AdkDexThl, Noa-
TBEPAIAIOMHE OBLIYI0 TEOPHIO OTHOCHTEILHOCTH.

2.1.1. ¥YpaBHeHna AnLuTeinHa
ANnA chepuHeckn CMMMETPUIHOR MeTPUKY

byueM uckath pellieHue BHE paclpeleieHdst MaTepul, T. e. byneM nona-
raTh, 4TO B NPABOil YACTH YpaBWenuil DiiHwrrerHa (1.5.5) cTOMT Hyb.
DTO 03HAYAET, YTO YpaBHeHHA JiyiuTeiina GepyTcs B suae

Ry, = 0. (2.1.1)

KBanpat vHTepBana B MpOCTPaHCTBE-BpeMeHH MUHKOBCKOTO B ce-
PNYECKHX KOODIWHATAX WMEET BUI

ds? = & dt’ — dr’ — ¢’ (d8* + sin’ 0 de?). (2.1.2)
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[lepeoGo3HAYHM KOOPAMHATLL:
ad=z"% r=z2'; 6=z% ¢=2. (2.1.3)

Yenosue chepuecKoit CHMMETPHY B YIpOoieHHOH GopMe GyieM ITOHH-
MATh KAaK MPUCYTCTBME YDIOBLIX KOOPDIAVHAT JHILE B BUA¢ KOMOMHALNWH,
s3akmoyenHol B (2.1.2) B kpyrbix ckobkax, Torna B cryuae obuieii Teo-
pPHY OTHOCHTEILHOCTH KBajpaT MHTEPBaja CJACAYET OXHaaTh B BUIC

ds® = goo(dz")? + g1 (d2')? + 2901 dz” dz' — F(z®,r)r? (d6? +sin’ B dy”),
(2.1.4)

, 0
rIE goo, Gi1» g U f(2°, ¥) — ueTBipe hYHKUMH OT BYX KOODAMHAT T
nr=z'.
Bocnonb3yeMca BOIMOXHOCTBIO MPpeodPa3loBaHiil IByX KOOPIMHAT

=% r); =7, (2.1.5)

COXPaHAIOLIUX BUA METPHKH (2.1.4), Takum o6pa3oM, yToOEI HCKIIIOHHTD
IBe Heu3BECTHbIE MYHKIIMH, IIPHEENA MX X BUAY

gn=0; f@°r)=1 (2.1.6)

B HTOre ocTaloTcs ABE HEW3BECTHBIE KOMIIOHEHTHI METPHYECKOIO TEH-
30pa, KOTOpBIE UM yA06¢TRA NanbHEeAHX BLIKIAA0K Nepeobo3HAYUM

g0 =€ gl = —e, (2.1.7)

rae v(a:o, T} M A(:c", r) — [B¢ HOBhl¢ HEH3IBECTHbIE (DYHKLUMH OT ABYX
NepeMeHHEX, KOTOpbie [IPEACTOMT HANTH M3 ypaBHCHHH DHHUTEHHA.
(Janee wTpuxu y HOBBIX KOMIIOHEHT nMcaTh He GyneM.) IpoBeaeHHbIE
paccyxaeHus (pakTUYECKU BKIOYAIOT B cebd 3alaHHe KOOPAWHATHLIX
YCIOBMIi, KOTOpbIE BCErAa HEODXOMUMO N00ABIATh K YpaBHEHHUAM iiH-
wietida. :

g pelneans ypaBHeHH DHHIWITEHA UCNOIb3YeM OOBIMHBII TTYTh,
KOTOPBIA COCTOUT M3 CIIEIYIOUIMX [ATH 3TanOB:

1) u3 Tex wiu MHBIX COOOPaXEeHHI 3a/laeTca OXMIAEMBIT BUJ KOBa-
PUAHTHBIX KOMIIOHEHT METPHUYECKOTO TEH30pa;

2) W3 KOBAPHAHTHBIX KOMMOHEHT METPHYECKOIO TEH30Pa BHIPaXaloT-
€Sl KOHTPABADHAHTHLIE KOMITOHCHTHT;
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3) HaxonsTca KOMNOHEHTH cuMBoAOB Kpucroddens yepes Heussecr-
Hble QyHKUMH,

4) 3aNTUCEIBAIOTCS KOMTIOHEHTH TeH3opa Puyun;

5} pewaercs cucTeMa ypaBHEHHIt DHHLITEHHA.

1. Nepseiii 31an yxe ocywecTRICH Boile. KOMIIOHEHTH KOBAPHAHTHO-
[0 METPUYECKOTG TEH30pPa MILYTCH B BHAE

e 0 0 0
0 -¢* 0 0
= . 2.1.8
=10 0 -2 o0 (2.1.8)
0 0 0 -rlsin’d

1

Il. IIo dopmynam (1.2.9) U3 3THX KOMIIOHEHT HAXOATCSA KOHTPaBapH-
AHTHEIE KOMTIOHCHTE METPHYECKOTO TEH30pa B BUIE

e’ 0 0 0
0 —e* 0 0
e 2.1,
g 0 0 -1 0 (2.1.9)
2

0 0 0 -1/(*sin’ §)

1. Copox xomnoueHT cuMBO0B KpiicToddens, 3amicsBaeMbIX 4epes
KOMITOHEHTHl METPHKHM mocpeacTBoM dopmyis {1.3.8), GyaeM Bbiymc-
JIATH B YETLIPE [PHEMA,

1) Cuayana HaMIeM 4eTbIpe KOMMOHEHTH, 0ONANAI0LIHE OTMHAKO-
BREIMH HHIeXxcaMu. OHM NpeacTapmaoTes B hopMme

g ) Oguu

b= 5 (2.1.10)

(6e3 cyMMHpOBAHHS 110 ONKHAKOBBIM UHIEKCAM} H HMEIOT Creny-
IOLME 3HAYEHHUS:

v X
1—‘80=‘2‘§ P:l:'z"; T3 =T} =0, (2.1.11)

rie Toukoil 6yaem o603HAYATh MPOKABOAHYIO 1O a:o, a WTPUXOM —
MPOU3BOAHYIO TTO 7.
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2) 12 xomiioneHT cumBonos Kpuctoddenst ¢ onMHaKOBBIMY HYXHH-
MW WHAEKCAMH fpEACTABIAIOTCH B Popme

Fa& a
o __9 Gpp
Do == 52 THpFEC (2.1.12)
M HAXOIATCH B BHIE
A, Vo )
I = “2‘6)‘ YV, Ty= —Z—e” AT = —pe
Th = —rsin®@e™; I} =—sinfcosb, (2.1.13)

D = =T =T, =T =T} =T} =0

3) 12 xomnouenT cumposioB Kpucroddeas ¢ OAnHAKOBHIMH ONHUM
BEPXHUM W ONMHHM HIDKHMM HHISKCAMH NpeacTapnsiores B opMe

9% 0950

L — — .
T = T pgr PH M 0 (2.1.14)
W HAXOMATCH B BMIE
A 4 1
1 3
Loy 3 = 3 = g m=cte (2.1.15)

I =T4=Tg=11,=T=Tl;=T5=0.
4) 12 xomnoneHT cuMBosioB KprcToddens co BceMH pa3HBIMUA MH-
IeKCaMU B AAHHOW METPHKE PABHBI HYITIO:
M =0 mpug#v#EA (2.1.16)

IV. OTnuynee o1 TOXIECTREHHOTO HYAS KOMIIOHEHTEH Teli3opa Puuun,
NpHpaBHEHHbIE HyMO coriacHo (2.1.1), HaxopaTca B BHAE:

O N Y AAoaR
Roo=e”‘*(7+(”) _V_+i)+"’ 280 @

4 4 T 4 2 4
i "2 Y bY iz,'\ )t AZ

R“=’(%+(V4) *5'4—'?) 6""”(?‘5”4‘)=°;

(2.1.18)
R33 =Y )
= = - = 2.1.19
Rua= = (<14 30 -0) ) 41 2.119)
A

Ry=-=0. (2.1.20)

r
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2.1.2. BuiBop pewietns Weapuwmnsna

l. Pewum monyyubluvecs ypashenus. M3 (2.1.20) cpasy Xe Haxoaum,
970 QYHKIMA A HE 3aBUCHT OT zo, T. €.

A=0 = A=Al). (2.1.21)
Il. Ymuoxas (2.1.17) Ha €™ u cxnanpisas ¢ (2.1.18), HaxomM
N4v'=0 - Ad+v=fg") - v=-2+=" (2122

a
rae f(£') — IpOU3BONLHAA QYHKIHMH TOALKO OT KOOPAMHATSI 2" M-

TIONB3YS 3TO BRIPAXEHHE, IPOU3BEACM TTPeoOpa3oBaHHe KOOPAHHATH a:o

TaK, 4yToObl B MepBoi 4acTH MetpHkH (2.1.4) nonyaunoch

e M (g = e Nda"), (2.1.23)
TOrga, OITYCKAs LITPUX, UMEEM
A+v=0 = Mr)=—vr), (2.1.24)

T. ¢. QAKTHYCCKY 10KA3aHA TEOPEMA, UTO GaKVYMHOe CEpuHecKu ciMm-
MEMPUUHOE pelienue ypaanenuil JiHuimeina Asanemcn cCmamu4ecKum.

). Beons oBosHaveHre y = €, ypasrenue {2.1.19) MOXHO npueecTH
X BHOY

y +;—;“~=O. (2.1.25)

3Te ypaBHEHMe ¢ pasnensioliMMucs iepeMedHeMu. U3 Hero HaxonuM
¥ -A CO
n{l—-y)=mCy-Inr—oy=¢ =¢"= 1——;-— . (2.1.26)

tie Cy — XOHCTAHTa MHTETPHPOBAHUS.
B utore vimeem pewieHue

C dr?
ds’ = (1_ ,_0) (dz°)’ - _ar ~r}(d6* +sin0dy?).  (2.1.27)

e
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IV, 3aberasg Bmepen, yKaxem, 410 U3 NPUHIMNIA COOTBETCTBUA C T€O-
pueit Heotona (CM. HH)KB) HAXOOUTCA KOHCTAHTA UHTErPUPOBAHUA B

2
puge Cp = 2GM/c’, rie G — HBIOTOHOBCKAS TPABUTAIMOHHAS MMO-
CTOSIHHAsA, ¢ — CKOPOCThL cBera, M — Macca IeHTpaibHOTQ 00BEKTA.
B okoHyaTensHoM BHJIC pellienye Lpapummnnaa uMeeT BUA

WGM dr?
d32=( —g——)(d 2 - —— T r}(d8? + sin 0 dp?).

| ZGM)
( ™

2.1.3. Ananua metpukn Wsapuwnneana

(2.1.28)

O0CyIdM HEXOTOPHIE NPHMHBUMAKMATLLHDIE MOMEHTH MeTpukd Ulsapu-
LIWIBAA.

I. Buizenum nmpocTpaHeTBeHHO-TIOROGHYIO YACTh METPUKH, T. €. TONIO-
xum dx’ =0, Torma MoXHO mucats —ds® = dI’. 3aHkcupyeM panm-
ATBHYI0 KOOp/HHATY 7, nonoxue dr =0, ¥ paccMOTpUM CMeETIEHHE
N0 OKPYKHOCTH B 3KBATOPHANEHOH MIOCKOCTH, T. €. MycTs 8 = 90° 11 u3-
MEHSITBCSI MOXET JIMILIB YTON § OT Hy/iA o 27. B 9ToM cryuae u3 (2.1.28)
HMEEM BRIPAXCHHSA ISt MATIOTO CMELLEHHS H TIO/IHYIO JUTHHY OKPYKHOCTH:

dl=rdy = I =12nrr. (2.1.29)

DTo OMEBMIAHBIN pe3ynsTaT, rmacalliif, 4T0 JUTMHA OKPYXHOCTH, KaK
M B €BKJINIOBOM NPOCTPAHCTBe, BbIPAXAETcs B BHIE NPOUIBENEHUA 27
Ha papuyc. OIHAKO B JaHHOM CAyYae T SABIAETCHA JUWb PaIRaibHOM
KOOPAWHATOM, KOTOpasl Npy APYrOM BLIOOPE KOOPOMHATHOW CHCTEMBI
MOrjia Obl BXONHTH B [VIMHY OKPYXHOCTH MHBiM oOpasoM. llo asroil
IPUYKHE YACTO 1oBOpart, yro MeTpuka Llsapuimnbna 8 suge (2.1.28)
3ANMUCaHa B CIIELMANBHBIX KOODOUHEMAX KPUGUIH.

Il. Teneps Bo3LMEM cMeleHNe BAONE PAAMANLHON KOOPINHATH OT Ka-
KOro-To HaYaTBHOTO 3HAYeHUA 1 A0 KOHEuHoro £, pu 6 = 90° u npwm
MOCTOSHHOM 3HaueHMH yra . B atoMm cayvae us (2.1.28) uMeeM

d'r

]_2G /\/7

dl = —r), (2.1.30)
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Ty

Puc, 2.1, BopoHka, WIAKCTRUMPYIOWAS WCKPUBNEHWE NPOCTPAHCTSA BOKPYT
chepuyeckn CHMMETPHUYHOIO MaTepUaNLHOTO WCTOMHUKA

T. €. PACCTOSIHHE OT UCTOMHHMKA A0 OKPYKHOCTH ANMHHOR 27r; OKa-
ILIBAETCH GOMBITe 3HAYCHHA PAIHOCTH PATHANEHBIX KOOPAMHAT, Takylo
CHTYALIMIO MOKHO TFTOHMMATh TONBKO TAKWM 00pa3oM, YTO NPOCTPAHCTRO
«TIPOTHOAETCA» MO MATCPUATLHBIM UCTOUHHKOM. C MOMOUIRIO KOCTYI-
HOH HAWIEMY ROOOPAXKEHWIO 2-MEPHON aHAJIOTHH 3TY CHUTYALIMIO MOXHO
HM300pa3NTh B BHAE BOPOHKH Ha pHC. 2.1,

lll. Paccmorpum metprky HIBapilmusibaa 11pd OYeHS MATbIX 3HAYCHH-
ax napamerpa 7. W3 (2.1.28) BUOHO, 4TO NpH 3HAYEHMH PAOMANBHOM
KOOPAMHATAI

= 26

¢ e
KOMITOHEHTA METPUKH goy OOpalllacTea B HYIb, 3 KOMIOHCHTA gy CTpe-
MWTCS K BECKOHEMHOCTH, DTO 3HaYeHWe T, HA3KIBACTCH 2pagumanuon-
abim paduycosm. Insa ConHIa oH nopsiaka 3 KMIOMETPOB, a i 3eMitH —
nopanka 9 MHULIMMETPOB. T1pH ellle MEHBLIMX 3HAYEHHAX T < Ty KOM-
MOHEHTA Qo CTAHOBUTCA OTPULIATE/IBHOM, 8 KOMMOHEHTa gy — 100~
XHTETBHOM. DT0 MOXHO TPAKTOBATH TAK, YTO KOODIHHATH & W &' = r
MEHSIOT CBOH XapaKTep. KOODIMHaTa X' CTAHOBUTCH TPOCTDAHCTREH-
HO-TIONOGHO#, a KOOpAWHATA ' — BPEMEHH-NOIOOHOM.

JLnst peanbHpIX OGBEKTOR ¢ reOMETPHYECKHMHU PAIMEPAMH, JHAUM-

TEABHO NPEBHILAIOUIMMI TPABATAUKONHBIA PATUYC, Ty UMEET CUMBOMH~

(2.1.31)
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YECKOe 3HAYCHMEe — O3HAYAeT [IePEeBOA 3HAYCHMI Macce B Pa3MEPHOCTH
OAKUHBI.

IV. Ha ocnose 3anucannbix dbopMyn GbL1a BblCKa3aHa zunomesq dep-
HbiX Obip O BO3MOXHOCTH CYIECTROBAHMSA OOBEKTOB ¢ FEOMETPHYSCKHM
PanMyCOM, MEHbIIMM FPABHTALHOHHOrO. B6iu3u Takux oOBEKTOB Clie-
IyeT OXHIATh MHOXECTBO HEOOBMHBIX ABNeHKMI. Hanpumep, pacHerhl
MOKA3bIBAKT, YTO M3 MIOA TPABUTALMOHHOIO paidHyca HHYTO HE MOXET
BLIWTH, — HH ¥ CBETA, HH Y APYTHX TeI NIPOCTO HE XBATMT 3HEPTHH TIpe-

Of0JIETh TIPUTSKEHUE YCPHBIX ABIP 3. Mo srait NpMMHHE OHH JIO/KHBL
OBLITE HEBMIMMBIMH, «4€PHBIMH», — OTCIOIA M MX HA3BaHUE.

OmHako Ha YepHBIe ABIPE MOTYT aAaTh (MepecekaTh rpaBUTALUOH-
HHIH pagiyc W3BHe) ApYTHe OOBEKTHI, TIPUYEM [Nt CTOPOHHETO Habuio-
JIATeNs CKOPOCThH MANalomiMX Ha YepHYH JBIpY 06BEKTOB JIO/DKHA CTpe-
MHTBCA K CKOPOCTH CBET4, HX MAcca TIPH 3TOM JIOMKHAa OECKOHEYHO
PacTH, a caM IpouUecce NaneHHMa AOKEH IIpoA0JLKAThed (eCKOHEYHO
goaro. JIioOONBITHO OTMETHUTE, YTO B CHCTEME OTCHYETA aJalomux obb-
eKTOB BPeMST AOCTHAKCHUSA HMH TPABHTALLMOHHOTO PalHyCa OKa3biBaETCH
KOHEYHEIM.

Beayress akcnepuMeHTE N0 OOHAPYXEHWIO YepHBIX IBIp B KOC-
MOCE, KOHEYHO, He MO HX COBCTBEHHOMY H3MYYeHMIO (KOTOPOTO HET),
a no xoceeHHRIM 3ddexkTaM. Ilockoneky nagawliye 06bEKTE Pa3TOH-
IOTCH A0 OKOJIOCBETOBLIX CKOPOCTEH, TO MPU MX CTOJKHOBEHHAX MOXHO
OXHMAATb XECTKOE PEHTICHOBCKOE M3nyuyeHue, HepHble AbIDBI MOEHTH-
GMUMPYIOTCS C HEBMAMMBIMHM B ONMTUYECKOM AMANA30HE HCTOMHUKAMH
MOLIHOTO PEHTrEHOBCKOTO M3NyYeHHSA. B KocMoce 0GHAPYXKEHO 3Ha-
YUTEJIbHOE KONMWYECTBO TIPETEHICHTOB HA YePHLIE ABIPHI, B TOM YHCIE
00CYyRKA2CTC BONPOC O CYIUICCTBOBAHMY TMIaHTCKHUX UepHBIX ABIP B LIEH-
Tpe HalleH U APYIMX TANaXTHK,

3 JaMeTHM, YTO K JAHHOMY BLIBOLY MOXHO OPWIHTH B PAMKaX HBIOTOHOBOH TeopuM
TATOTEHHSA ¢ J00apJEHUEM MOCTYIaTa TIPEAEALHOH CKOpocTH, paBHON CKOpOCTH
cpeTa. MOXHO MOCTABUTE 3371349y, HA KAKOM PACCTOSHHH 1 OT ToYeuHOM Maces M
TEJIO € NPOA3BOARHON MACCOR M, ABHXKYUICECH ¢ MAKCHMANLHOH CKOPOCTLIO ¢ = C,
ofifagaet KMHETHYECKOH SHeprieil, paBHoit ero noTeHUaTbHOH 3Hepruu? HMa ane-
MEHTAPHBIX COOTHOLIEHUHN HAXOINM

me mM 20M
s = .

o= (2.1.32)
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QaHako HMEETCH W ApYrad NO3uLMA, COOTBETCTBYIOWIAA YHHMBEP-
CATILHOMY MPAaBWIY B MU3IUKE. ecqau 6 Meopui 8 KaKux-mo obracmsax
LAY REACHURX GU3HUKaIOM Deckonewho Gaabuilie 8eAusliHb, Mo Mo celde-
MERLEMEG MOZC, HMO & MAKUX O0CNIOAMEILCMEAX ¢bi6006 Meopul mepn-
wom cuay. [10 MHeHMI0, BbicKasaHHoMmy B. A. Dokom M psaom gpyrux
(DH3HKOB-TPABUTALUMOHMCTOB, OSCKOHEYHOCTH HA IPaBUTALMOHHOM pa-
JHYCE CBMIETEILCTBYHOT O ITPaHHLUE NPHMEHMMOCTH 3aKOHOMEpPHOCTEH
SMHIITETHOBCKOM Teopuu rpaBUTALMU,. OAHAKO 3TO HE MCKIIOYAET BO3-
MOXHOCTH CYLIECTBOBaHMA MACCHBHbIX 4CTPOMH3INYECKHUX 00BEKTOB 33-
rafodHoi NPUPOOEl, HEIHE TPAKTYEMBIX KAK YEPHBIE ALIPLI.

KOHTROALHLIE 3a03HUR .

1. MoxasaTh, 4TO B chepUYECKH CUMMETPHYHEIX MeTpHKAX CHMBOJH!
Kpucrohdens co BeceMH pastiyHeIMY CHMBOJIAMM PaBHEI HYITIO, T. €.
YTO CNpagelAnBel COOTHOWEHUSA (2.1.16),

2. HMcnonb3ys BbINMCAHHBIE 3HAYEHNS KOMAOHEHT cuMBONOB Kpucroh-
dend, [oKa3aTh CHIPabeAnnuBOCTb Bhipaxkenua (2.1.17) ana xoMno-
HeHT TeH3opa Puduu Ry .

3. IToxa3ats, YTO KOOPAMHATHAA CUCTEMA, B KOTOPOH 3aMMCcaHd METPH-
ka Ieapuinnibna

GM GM
2 T c? 042 ¢! 3
- ————dr -
ds GM(da:) &
74— r—-—
¢! ol

GM . .
— (r + ?) (dﬁl + sin’ ﬁdqaz), (2.1.33)

ABJISETCA TAPMOHMWYECKOMN, T. 8. YAOB/IeTBOpAET yeaosuaM (1.5.11),
4. Haitti npeofpasoBaHus KOODAMHAT, nepeBonsiuie MeTpHky (2.1.28)
(B XOOpaunaTax KpMBM3H) B METPHKY Buaa (2.1.33}.
5. Hatitn mpeobpasosanus KoopayHaT, epeboasiHe MeTpuky [Ueapi-
umabaa (2.1.28) (B KoopAMHATAX KPHBU3H) B MIOTPOTIHEIE KOOPAH-
HaThl (Fe TPH MPOCTPAHCTBEHHLIE KOOPAMHATE PaBHOPABHBI):;

(-%)
2 GM
ds® = __.ﬂ_z (dzo)l — di (1 + —) dz’ dz*. (2.1.34)

(l GM 20
+ 2c2r)
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§ 2.2. YpaBHeHua reoae3nyHecKkmx JUHUA
B MeTpuxke LUsapuwmnsaa

YTobB HpOaHATH3MPOBATb COOTHOILEHHE HBIOTOHOBOM TEOPHY rpa-
BHTAUMH MW 3HHITeHHOBCKO oblieit TeopuH OTHOCHTEIBHOCTH pac-
CMOTpUM ypaBHeHMA reogesmueckux (1.3.7) B merpuxe [LBapuiuneia
(2.1.28), nonaras koHcranty Cp 11oka HeussectHOW. ITocnaenoparte pHO
BBITTHLIEM M DEUIMM YeThIpe ypaBHeHm, VKA43hIBAS AHAJIOTH B HBIOTO-
HOBOH MexaHuKe.

2.2.1. Yrnogsie n BpeMEHU-NOAO6HAA KOMNOHEHTSI

}. HaaneM ¢ KOMMOHEHTHI g4 = 2, T.e. ¢ ypapHenus i yria 8. Bri-
Gupas u3 {2.1.11)—(2.1.16) oTIM4HEIE OT HYIS KOMIIOHEHTH! CHMBOJIOB
Kpucroddens, umeeM ypaBHeHHE

d*e , dr df dy _
pr 2[‘ud 7 +F33(ds) =40 | (2.2.1)
Hoacrapian Haidte HHbie Bbilile 3Ha4%eHus cuMBoiaoB Kpucroddens, Ha-
XOAHM
d¢ 2drdd dp\’
Rt S ={. 222
d32+rdsd schosﬂ(ds) 0 { )

IlycTh B HAYAABKELH MOMEHT paccMaTPUBaEMOe TEI0 HaXOOWIOCh B K-
BaTOPHANbHONH «AOCKOCTH» M CKOPOCTb TOXE J1ekKala B 3TOH TLIOCKO-
CTH, T.e. fycTs §y = 7/2 u (dd/ds)y = 0, Torma w3 (2.1.34) cnenyer,
YTO ¥ Aanbiife ABMKEHNE Teia GyneT NPOMCXONUTD B 3TOH «TUIOCKQCTH», T, €.

d6 de T
—— =0, ——=0 -~ #=. (2.2.3)
ds ds 2
DTOT Pe3yNAbTat COOTBETCTBYET H3BECTHOMY B HBIOTOHOBOH TeopHH
(bakTy, YTO TPAEKTOPHS TeNa, ABICKYLUIETOCS B IONE UEHTPANTBHBIX CWIT,
HAXONWTCS B ONHO TLTOCKOCTH — B IDIOCKOCTH Jlaruaca.

ll. Aanece paccmoTpuM xommoHeHTY i = 3, T.e. pelINM YpaBHEeHHe
TEeONEe3MYecKoN I YINa ¢, OTIMYHbIE OT HYIs cnaraeMbic B KOTOPOM

HME1OT BHA

d? dr dy dé dy
E;‘g R (2.2.4)
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IloacTaBnas cloNa HafneHHbIE BhIIIE KOMIIOHEHTH CUMBOIOB KpHCTOd-
thens, uMeeM
dip 2drdy de dy
at trasds TP as T
Bocroab3osasumcs (2.2.3), oT6pocM NOCTEIHEE CaraeMoe, KpoMe Toro,
YMHOXHM BCe YPaBHCHHE Ha da/dr v BBeneM obosHavenwe dp/ds = g(r),
TOrZA APUXOAUM K YPABHEHUWIO C DA3ASASIOIIUMHCS TIepeMEHHBIMH

0. (2.2.5)

2
g+ ~g=0, (2.2.6)

rie WTPRX, KaK M paHee, 03HavaeT mhddepeHunpoBaHne Mo pagHanb-
HOW XoopaMHaTte, PelIeHuWe 3TOTO ypaBHEHMA MMEET BUA
oy 2dy

== - r== 2.
4= 3 g = 00, (2.2.7)

5

TIe 0y — KOHCTaHTa WHTCTPHPOBAHUS.

B HLIOTOHOBOM MEXaHMKE 3TOI KOMNOHEHTE ypaBHeHWH reone3u-
YECKOM COOTBETCTRYET 3aKOH COXpaHeHUs mouanei (CeKTopHoit cko-
POCTH, MOMEHTA KONTMYECTBA IBHXKCHUA)

dyp
2 —
T

Onate MMeeTcs 611U3KOe COOTBETCTBUE ABYX TEOPHMit, PHYEM caenyer
[IOAOKHTH

7. (2.2.8)

Z 22
ay = —.
0= (2.2.9)
1. VpaBuenue reonesviueckoit ansi p = 0 uMeeT BUL
d*z° o dr dz®
Fra s ds 0 (2.2.10)
uan depes GyHkuuio v(r) oHO MpeacTasnseTca B hopMe
d*e” ey dr dz° 0
ds? ds ds (22.11)

Ymuoxas (2.3.11) wa ds/dr w sBons obosmauenwe dz’/ds = p(r),
NoTyvaeM MpocToe YPaBHEHUE

P+vp=0. (2.2.12)
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Ero pedieHue uMeer BuI

- = — (2.2.13)

rae By — KOHCTAHTa HHTETPHPOBAHMS.
B HLIOTOHOBOW MEXAHWKE 3TOMY COOTHOUIEHHIO COOTRETCTRYET 3a-
KOH coxpasenms 3Hepruu, [Ipu atom KoHctanTa Jy cBrzaHa co 3Ha-

YEHUEM MOMHON SHEPTHH MACTHULI (CYMMBl KHHETMYSCKOM H MOTEHIIH-
ANBHOI 9HEePTHIT).

2.2.2, PapgwansHas KOMNOHEHTa
YDaBHeHWA reofie3andeckux NUHWA

I. Panuannnas KOMIOHeHTa reone3nueckoi (= 1) MMeeT cnoxHeIH
BHA

d'r d2° dr de dy '
T
ds? +F°°( ds) + “(ds) +Pn(d3) F”(ds) =0,
(2.2.14)

OTHAKO HAM He HYXHQ €ro peuiaTth, TTOCKOAbKY W3 MetpukH LIsapii-
LHABIA JIETKO HAXOAHUTCA €r0 NepBbIH WHTErpai. JelicTBureanHo, pas-
nemws (2.1.27) Ha ds’, nmeem

(D ) @) e

r

. Noncrasnsa B (2.2.15) pemenwst (2.2.7), (2.2.13) u nepeiins, Bo-nep-
BBIX, OT X % = 1/r, ¥, BO-BTOPEIX, OT Mu(ppepeHUHPOBAHKA 10 d§
K mnddepeHIHpoBaHUIO No’di, NCAONE3YA GOPMYABL:

d dpd d d 14
e_%s _ 2l fa_ % (2.2.16)
ds ~ dsdy e’ de u? dyp

npUXonuM K aHanory 1-it Gopmynel bune B mexaHuke HreoToHa

2
du 7 Eg -1 C()
— )t = —— +C 2.2.17
(dtp) YTt o (2219
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). Mpoxnddepenumposas 370 BIPAKEHHE N0 (p, NPUXOIHM K aHANOTY
Kkaaccuueckoi 2-# popmynast Bune
dz‘ﬂf Co 3 2
— 4 tt=——+ ~Cou’. 2.2
HarmoMuuMm, 4TO B Ki1acCHYECKO# MexaHuke 2-51 hopMyna Brke onpe-
JensieT panMaNbHOe YCKOPEHHE Yepe3 NeiCTBYIONIYIO Ha TEIo Macchl m
WEHTPAIRHYK cHIY F:

> o f d*u _
mu o &—(P_z +ul=-F. (2.2.19)
Tonctasmaa cioda CHTY HBIOTOHOBA TIpHTIXeRua F, = —Gmi\:i’uz,
NPHXOAMM K BBIPAXEHHIO
d*u M
d_gaz +u= G}‘E, (2220)

rne M — macca LEHTPaIbHOTO 00neKTa.

W3 cpapHenus npasoif 4acTH (2.2.20) ¢ fiepsbiM caaraemMbiM ClipaBa
B (2.2.18) Hax0AYM KOHCTAHTY MHTETpUpoBaHus Cj, paHee BBENEHHYIO
B merpuky HlBapuimmnbaa (2.1.27):

Co= =1 (2.2.21)

IV. Boccranasnusas u3 (2.2.18) xiaccuyeckuii aHaor 2-i GopMyanb!

Buiie (YMHOXeHMEM Ha muza'z), MpUXOIMM B cayyae ODileil reopuu
OTHOCUTEJNBHOCTH K 0fGO0LIECHHON USHTPAIBHON «CHie»!
du mM mM o?
mu20‘2 - + U} = G"—?— -+ 3G—"4—'——
dy 7 rt ¢l
cnarauieicd U3 HRIOTOHOBOH CWIbl BCEMHUPHOTO TAroTeHHd Fy # O0-
NOTHUTEALHON SHHMTEHHOBCKOW «CWIkl» Fg, yOniBaowe# o0paTHO
THOTIOPIHOHANEHO YETBEPTOH CTETIEHHM OT PACCTOHHHIL.
3anuIueM OTHOIIEHHEe SWHUITEHHOBCKOW <«CHIIBI» K HBIOTOHOBOM
It HEPETTATHBMCTCKOTO ClIydad:

Feg  3ufe?r  {vr)? v\

=Fy+F5 (22.22)
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TI€E 3arMCcaHa TPaHCBEpPCabHAs KOMIOHEHTA CKOPOCTH ¥ 2~ r¢. Takum
00pa3oM, 3LHUMERHOBCK AR, OONOAHUMERbHAA «CUAA» NPEHETPedcUMO Mara
HO CPAGHEHUID C HLIOMOHOBON CUACH JR HacMul, OBUNCYUUXCA CO CKOpo~
CMbio, MAAOU RO CPABHEHUIO CO CKOPOCMBIO CEemda.

Crenyer 0OpaTHTL BHMMaHKe Ha TOT (PaKT, YTO 30eCh UCTIONL30BaHb!
TIOHATHS CHITHT B KOOPAWMHATHOM CMBIC/AE. OHH CYIIECTBEHHO 3aBHCHT
OT BHIGOpa XOOpIMHRATHON cucTemul. s KoppexTHoO# (hH3myeckoit HH-
TEPNPETAUMK HEOOXOAWMO HCTIONB3OBATE METOAN 3ATAHUA CHCTEMBI OT-
CYETa, KOTOphle TIOAPOGHO PACCMOTPEHB BO BTOPOH YacTH KHWIW.

KoHTpOonbHbIE 3anaHnA

|. HaiiT BripaxeHue AN KoHCTaHTW € B Merpuke IlBapuinmnnas-
ha u3 cpaHeHHs (2.2.13) ¢ BupaxeHHEM LIS 33KOHA COXPAHEHHA
3HEPIUM B HLIOTOHOBOH MéxaHuWKe,

2. VOenuThCSH B MAaTeMaTHYECKMX C0XKHOCTSX HAXOXICHHS M3 ypaBHe-
HEgt (2.2.17) Tounnix peweHyit 41a TPASKTOPHY IPOGHLX Te B MET--
puke llIBapumunnga, 4T0 0GOCHOBLIBAET MCNIONBLIOBAHME MPUOTH-
WEHHLIX METONOB,

§ 2.3. Knaccuveckue addextel OTO

2.3.1. Cmetnenne nepurenus Mepxypus

l. Tepenumem ypapHenHe reonesuyeckoit (2.2.18) B Gonee koMmakT-
Hol opme

v+ u = a -+ B, (2.3.1)
rme ,Bu2 Ka,n
M M
a=G; B=3G7. (2.3.2)

ByaeM pemarh ero MeToaoM MOCTENOBATENBHBIX TPHOIHKEHHIA.

l. Hyuesoe npubaumcenwe npencrapnsier coGoil pemeHye ypaBHeHMs
(2.3.1) 118 cAy4as HBIOTOHOBA 3KOHA BCEMHPHOTO TaroteHms (f = 0),
T. €. YPABHEHHS!

uy + ty = @ (2.3.3)
Ero peLcHUE COCTOMT U3 ABYX JacTeil: o61Iero peleHus OHOPOIHOTO
ypaBHeHus (KoneGanuit ¢ ETMHUIHOMN YacToTOH)

ugo = C) ¢0s (¢ + o)
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M YACTHOTO PEILEHNs HEOLHOPOILHOIO YpaBHEHUs tg == @, TaK YTO UMEEM
Uy =g + Uy = a + Cicos¢g = afl +ecosyp), (2.3.4)

I7e MONOXEHO, 4TO HavaneHas dasza py = 0. It crydas puHHTHOTO
IBUXEHHA TUIAHETH 3TO YPABHEHUE BIUIHICA C IKCUEHTPHCUTETOM
C,
«a

e <1,

KOTOpOC MOXHO 3aTTUCAThL B Doee 3HAKOMOM BHIE

p
=—) 2.3,
" l+ecosy (23.3)

roe p = l/a — dokanbHELL DapaMeTp. 1
1N, Hepeoce npubauncenue spnsercs peluerneM ypastenus (2.3.1), 8 upa-

BYIO YacTb KOTOPOTO BMECTO U IIOACTABIEHO HYNEBOE NPUOIMXEHHE
(2.3.4), T. e. peLteHUEM YPaBHEHHS

2
e
) +uy = fat(1 +ecosp) = azﬁ(l + ?) +

I
+ Eazﬁe2 cos 2¢ + 20 fe cos @, {2.3.6)

[Te XKBagparT KOCHHYCA 3AMHCAH 4Yepe3 KOCHHYC ABOHHOrO yInla Imo H3-
BECTHOH TPHIOHOMETPHYECKOR hopmyne.

IV. Tlockoneky ypasHenue (2.3.6) aBadeTcsl IMHERHBIM, €T0 PEllICHHUE
MOHO MPEACTABUTE B BUOE CYMMBI TPEX YaCTHLIX PelIEHUR ypasHEeHUS
KONIebaHUIt NOC/Ie10BATEABHO € OTASNBHEIMY CIaraéMbIMK B NPABBIX
JyacTax

U = U+ U2 + U3 (2.3.7)

1 oB1Iero pelileHusa uy (2.3.4) 0NHOPOAKOTO ypaBHeHus. g nmepsoro
caaraeMoro UMeeM

2

Bropoe cnraraemoe HaxoOWTCA W3 PeIeHWs YpaRHeHMs KonebaHuii ¢ mpa-
BOH YaCTBIO B BHUAC BHIHYXJAIOUIEH CHIBI C YiABOCHHOR YacToTod. OHO
WMEET BUTT

2
W =a2,6(1 + e—). (2.3.8)

1
U = “gazﬁez cos 2¢p. (2.3.9)



§2.3. Knacouweckmne agpexts OTO 89

TpeTbe caaraeMoe COOTBETCTRYET PE3OHAHCHOMY CiIy4alo, KOTIA 4acToTa
BBRIHYXKOAWEH CHAbl paBHa cCOOCTBEHHOI YyacToTe Konebannil. Kak u3-
BECTHO, PENIEHHE TAKOIO YpaBHEHMS MIIETCA B BUIE

u3 = Chp sin @ + Chyp cos .
Buryuciistsi KOHCTaHTbl HHTerpupoBanusa C; ¥ C3, HaxonuM
Uy = az,@ecp sin . (2.3.10)

Cobupas Bce YaCTH pPEileHHs,- UMEEM B JAHHOM TPHONHAEHHH
peleHHne :

u = ol +ecos¢p)+a2[3(l -I»;) -

1
- 6a2ﬁ82 cos 2y + a’Beyp sin . (2.3.11)

V. TlpoaHatuaupyeM BKIans! OTATBHBIX charaeMbix. Uned «,; MpyBo-
IUT X HE3HAYMTCAbHOM AedopMalmy (CKaTHIO) STHIICa, COXpaHAS 3a-
MKHYTHI XapakTep TPacKTOPHH. DTOT 3(h(HEKT Ype3BLIYaitHO Mal ¥ B Ha-
CTOAILIEE BpeMA HeOBHADYXKUM.

CiraraeMoe (3 TPHBOAWT K HANOKEHH 0 Ha 3mmHTic GUeHHH ¢ yIBo-
EHHOM YACTOTOH, HE MEHAR 3aMKHYTHI XapakTep TPacKTOPHH. DTOT
aexT TakkKe YPEe3BRbIYAHHO MAN H HEAOCTYIIEH A1 ODHApYXKeHUd cy-
LWECTBYIOMIEH annapaTypoi.

‘TpeTbe, pe30HAHCHOE CATAEMOE MPUBCIMT K HAKOIL1eHUKO 2hdexTa
¢ KaXIBIM HOBBIM BHTKOM OpOUTHL. CoGHpas BMeCTe MepBO¢ W MOCAes-
Hee cmaraeMble crpasa B (2.3.11), mMeem

u~u+uy = d(l + ecos p + afepsin @) =~
~ a[l +ecos(p — afy)], (2.3.12)

rie W3-3a MaJOCTH KOHCTAHT nosoxeHo afy ~ sinafy u cosafy ~ 1
M [IPOM3BENCH MEPEX0l K KOCHHYCY Pa3HOCTH JBYX VIJIOB.

VI. Hcxona u3 nonoxeHusa TUIaHeTH B Nepureauy (Ha KparyaiiineM
pacctostHun oT COJHIIa), OCTABMM BOTIPOC O 3HAaYEHHH YTIa, NIpH KO-
TOPOM Ha CEMyIOIIeM BUTKE OYJIET TO K¢ caMoe Kpardaifilee mojoxe-
Hue. O4eBUIHO, 9TO TIPOU3ORIET, KOTAA apIYMEHT KOCHHYCA U3MeHUTCS
Ha 27, T.e. NPH YCIOBHH

p(1 - af) =2, (2.3.13)
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OTKYId HAXOLHM

27
= :E-B' ~2r 4+ 2raff =21 + Ay, (2.3.14)
rae, uenons3ys (2.3.2), uMeeM
G*M?
Alp = 611'%2— (23]5)

Taxoe nBUXeHRE MNAHETH TIPEACTARIAET COBOI PO3ETKY, COCTABNCHHYID
M3 [I0BOPAUKBAIOILErOCd HA MANsl yron sumca (cM. puc. 2.2). Bty
PO3eTKY MOXHO HAIVBIIHO NPEACTABKATD KaK IRUKEHHE 1IaPHKa B HETY-
60oKON vallie-BOpOHKe, H306paxeHHON Ha puc. 2.1. [lonsTHo, YyTO 3TOT
WAPKK 6YNeT KPYTUTLCA N0 TIOBEPXHOCTH, OMHCHIBAS HEKYIO KPHBYIO
TPAEKTOPHIO.

Ao 6maxaitiieit x ConHily mhaHeThl Mepkypust 3T0 3HAYEHHE CO-
cTaBsier Agy ~ 43,9" 3a cronetne. [ns Benepht Ay ~ 8,6" 3a cro-
neTre. 1ot 3dhexT ann MepkKypus 65UT 0OHAPYXEH ACTPOHOMAMM yXE
B KOHile X1X Bexa, HO HEKOTOPOE BpeMd A1 HeTO He ObUI0 MOAXQMIsiLie -
10 OOBACHEHUA. OHO ObIAO OIY4EHO CPaly Xe MOC/Ie Co3aaHun obILeH
TEOPHHM OTHOCHUTENLHOCTH M SBUAOCH HEPBHIM MOLTBEMKAEHUEM SWH-
IWTeHOBCKOH TeOpUH I'PaBUTALIHH.

Puc. 2.2. Jeuxenune nnadets B meTpuke LLsBapuumnsbia no podetke
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2.3.2. S¢dexT OTKNOHEHUS Nyyei ceeTa

Apyroe noareBepxaedue obiueif TEOPUH OTHOCHTEILHOCTH OBIAO TIONY-
ueHO B 1919 roay Bo Bpemsl HABIIOAEHHS COJHEYHOTO 3aTMEHMA. Beuio
[IOKA33HO, YTQ JIyIM OT JajieKWX 3Be3, MpoXoliuue BOJIM3IH JUCKA
ConHua, HCKPHBIAIOTCA, IIPHYEM YIOJI MX OTKIOHEHHMSA 0KAa32,1CH B 1BA
pa3a 6ojblie, MeM 3TO MpeACKa3nBaoch HHIOTOHOBOH TeopMeill rpaBu-
TALIUM.

). Bror 2QdeKT ONATL MOXHO MOOCYMTAThL C MIOMOLIBIO YpaBHEHMI
reofle3H4eCKO# JTMHMM, OIHAKO B 3TOM Ciydae 370 GyZeT M30TPOIHAasn
reonesuyeckas. [Mockoneky B (1.3.7) cieBa CTOMT HYJIb, TO B HTOTOBOM
YPaBHEHHH OTCYTICTBYET BKJIAA HBIOTOHOBA CNAraéMOro, M panHanbHOeE
YPABHEHHE MPMHUMAET BUI

v+ u =g’ (2.3.16)

Onate 6yoeM pellaTs 3TO YpaBHCHHE METOAOM MOCHEN0BATEABHBIX [TPHA~
OnuxeHIH.

Il. Hyseeoe npubauxcenue MoNyyaeTcs peieHMeM ypaBHeHMs (2.3.16)
¢ HyNeBOH IIpaBoil YacThio
g + 1o = 0. (2.3.17)

ITO oOHOPOAHOE YPABHEHME KoneGaHMM ¢ eguHM4HON uacToTod. Ero

pPEeLICHHUE HMEET BMI

1
1y = Cycos (@ + @) = 4y = 7 &% . (2.3.18)

Ero MOXHO MHTEPIIPETHPOBATh KAK CBOGOQHOE ABMXEHHE JIyya CBETa
110 IIPSIMO¥ IMHMH, NapajUIeNEHOIM OCH ¥, Ha paccTodaHHM R ot Conuua
(cM. puc. 2.3).

. [epaoe npubrumncenue Haxonwrcs w3 ypasHeHHs Buia (2.3.16), kyna
B TIPAaBYIO YAcTh MOACTABIEHO HYAeBOE NPHOIIDKEHME:

, 8
uf +uy = = cos’ . (2.3.19)

YacTHOE pewreHHe 3TOTC YParHEHWS MOXHO TIPEACTABUTE B BHIAE

p

5}-z-i(cosz @ + 2sin’ ). (2.3.20)

U =
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Pue. 2.3. 3ddekT oTKNOHeHNs CBETA, npoxoaawero BBaman aucka ConHua

IV. Cobupas BMecTe HyneBoe M NepBoe MPUOTIKEHHE, HMEEM

cos
RSD + ?,L;zz(cos2 ¢ + 2sin’ ). (2.3.21)
YMHOXKUM NIEBYIO M NMpaByio 4acTi (2.3.21) Ha rR W BBeleM JeKapTOBHI

KOODAMHATBI COMTAacHO. POPMYTIaM:

U=+ U =

T=rcosp;, Yy=rsing, (2.3.22)
toraa (2.3.21) MOXHO Nepermicarh B BHIe
GM | 5 2
R=2+ 5 —=—( "+ 2y} —
T 2R '_m_—:cz-{—yz(w y°)
GM 1
- T=R- —————=—(z" + 27°). (2.3.23)

CZR . /:EI + yl
DTa TpacKTOpHs, CAMMETPHYHAA OTHOCUTETBHO FOPH30HTAABHOH OcH,
W300paxeHa Ha puc. 2.3,
YToObt HAHTH YTON (¢ MEXIY ACHMITOTOH M OCBIO ¥, YCTPEMHM ¥
K OSCKOHEUHOCTH, TOTHA UMEEM
GM
r=R- ——(22y). (2.3.24)
iR (
O1CI04a RerKo HaxOAUTCH NpUdIMKEHHOe 3IHAYCHHE YINA (!
dz 2G6M
™~ o

g =—=
g dy AT

(2.3.25)
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VIOl OTKICHEHHA JIy4a CRETd PABEH YABOEHHOMY YIIIY o

¢=2a= ﬂ ' (2.3.26)
¢!R
[Toacrasnas ciona macey Comrna M BMecTo R pammyc ConmHIta, Haxo-
UM YHCTCHHOE 3HAYeHWe YIAA OTKJIOHSHMS JIyieit CReTa, MPOXOASILIX
BGMM3K TIoBepxHocTH Conuna, ¢ = 1,75",

Jlerko moRATH, YTO 3TOT 3KCHEPHMEHT MOXHO TIPOBOJHTH JIHILb
BO BpeMsi COTHEYHOro 3aTMeHMs, Koraa Ha Hebe BOau3u CoJIHIIA BHITHBL
3pesnnl. JLg 3Toro HyxHO coTorpatdhMpoBaTh YYaCTOK 3Be3XHOrO Heba
BOan3u npukpeiToro Jlynoi aucka ConHua, a 3areM COETaTh CHHMOK
3TOTO Xe yuacTKa HeGa Gez ConHLa H HATOXUTL OBe (oTorpaduu Apyr
Ha npyra. [1o casury aByx n3oBpaxeHUit 3pe3/bl, OKa3aBIUeics BOMIM3H
JHCKA, MOXHO BRIYUCITHTE YTONI OTKAOHEHHUA cBeTa. Kak yXe OTMEUEHO
BLIlIE, AHAJIOTHYHBIN 3(M{PEeXT MMeeT MeCTO M B HBIOTOHOBOI TeopHH
TPABHTAIIHH, €CAM CBeT PACCMATPUBATE KAK MATCPHANBHYIO YacTHITY,
JBHKYILYIOCS CO CKOPOCTBIO CBETA M B3aUMOICHCTBYIONTYIO ¢ CoMHIEM
COITACHO 3aKOHY BCEMMPHOTO TATOTEHHA. ONHAKO B HBIOTOHOBOH TCO-
puH 3hdeKT oka3biBaeTca POBHO B JBA pa3a MeHbLUe. JKCIEPUMEHTSI,
BMEPBLIE TpoBedeHHbe B 1919 rogy M HEOIMOKPATHO NOBTOPABILIME-
CH IMO3Xe, YOeIUTEILHO CBUISTE/IBCTBYIOT B [IONIb3Y JHHINTEHHOBCKOTO
IHAYSHUS YIUIa OTKJIOHEHHS, 4 He HBIOTOHOBCKOID,

BriocnencTeun 3101 3dxhexT OBUT NOATBEPXKICH B APYTHX 3KCITEPH-
MCHTaX: TIPH paIuoNOKAUHH TaHeT COMHEYHOH CHCTEMEI, TIPH HatuTIO-
JNeHUAX OTKJIOHEHWH PANHOCHTHANOB OT KBa3apoR, B BHAE OTPHIIATENb-
HBIX TTAPATAAKCOB AAICKHX 3BE3I U T. 5.

2.3.3. O6cyxaenme knaccuyeckux adgexros OTO

. B nurepatype yacTo ToBOpHT O TpeX KiaccHueckHX a(dexrax 06-
uiel TEOPHH OTHOCHTENBLHOCTH B Merpuke llIBapmumibia, aobasnss
K IBYM OIIMCAHHBIM Bbille ek T rPaBUTAUMOHHOIO KpaCHOIO CMeLe-
Hust, OH COCTOMT B TOM, YTO Jiyd CBETA ¢ HEKOTOPO#H MIHHOM BONHEL A,
MOAHABUIMIACA OT MCTOYHHMKA HA HEKOTOPYID BBICOTY, BOCIIPMHHMAETCH
IPMEMHHKOM KaK CBET ¢ Oosiee JMHHON BOJTHOM, T. €. MMEET MECTO
CIBHT YACTOTHI B KPAcHYIO CTOpoHY. PacueTs! ¢ HCITOMB30BAHUEM TIOHS -
THH CUCTEMBI OTCUETA TIOKA3LIBAKIT, YTO 3TOT CHBHT YacTOT 0OYCAOBIEH
ToTepel SHEPriM CBETOM Ha HOObEM, TIPHYEM OKA3BIBAECTCSH, 4TO pe-
3VIBTAT OAMHAKOB MpPH BBIMHCIEHMAX KaK B paMkax oOuIel TeopHH
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OTHOCHTENLHOCTH, TAK H B HBIOTOHOBOI TeopHH rpaBdTauuu. Ha atoM
OCHOBAHWUM IIDABUIIBHEE HA3LIBATh 3Pdexm 2pasumayuonnos0 KpacHozo
CMelenua He ahexmonm obuwelt meopuy OMHOCUMENLHOCMU, G AUl NpO-
ABACHUEM HDUHUURNG COOMEENMCMEUR ¢ HEIOMOHOBOI meopueii.

Il. MoayepkHeM, YTO ABA PacCMOTPEHHBIX 3PMEKTA KOAMYECTBEHHO
OTAMYAIOTCS OT CJAEACTBUI HBLIOTOHOBOM Teopuu. Tak, addexra cMe-
NeHua nepirenst Mepkypust B npuHLKIIE HET B HBIOTOHOBOH TeopHM,
a 2¢QeKT OTRIIOHEHHS AyYeH ¢BeTa B 0OLLICH TeopHH OTHOCUTENILHOCTH
B IBa pa3a DObINe, YeM B HRIOTOHOBOH TEOpyH.

lll. OrMmerum, uto 3ddexT OTKIOHEHMS Ayueit CBeTa B TPABUTALMOH-
HoM none Connua, NpOXOLALMX OT HETO Ha ypoBHE OPOMTHL 3EMIIM,
akTuyeck OB OTKPHIT acTpoHoMami B KoHle XIX Beka Bume 06-
HapyXeHHs TAK HA3EIBAEMBIX OTPHLATETRHBIX Hapa/IakcoB 38e38. Jox-
TOE BpPEMA 3TO BOCHPHUHHMANOCE KAK HEKAas CHCTEMATHYECKas OUTNoKa
B 3KkcnepuMeHTax. M mums B cepeanne 60-x romop XX Beka B paGote
JI. 5. ApuicboBa u KaasipoBa GLIIO NOKa3aHO, YTO OTPULIATEIBHBIE Ta-
pamnakesl 00YCIOBIEHB 0OTIEPeNATHBUCTCKUM 3heKTOM OTKIIOHEHUA
Ayuei cpera.

B c¢Ba3u ¢ atuM oTMeTuM, uTo H. U, JloGaveBckuii, NeiTapuIyiics
B cepenute XIX Beka NyTeM acTPOHOMHUYECKMX HAOGMIONEHUI BEISCHHTD
BOMPOC, KAKOW TEOMETPHEH OIUCHIBACTCH HAlll MHD ~— eBKIMAOBOM
WK BooGpaxaemoii (rumnepbonudeckoif), — ObIX GBI BecbMa O3aja-
UeH, eciii OBl eMy TOTIA XBaTUJAO TOYHOCTH u3MepeHuil. Ero (BooGpa-
XaeMO#) TEOMETPHI JODKHEI ObLTH COOTBETCTBOBATh TONOXHTETBHEIE
napayiakcesi. OTpyLaTenbHbBEe Napaliakchl JTOIXKHBI COOTBETCTBOBATH
chepuyeckoit reomerpun Pumana. Ha caMoM ke nene navubiii addexr
HE COOTBETCTBYET HM TOMY, HM ADYIOMY, NMOCKOJBKY 3[ECH PEub UOET
HE O APOCTPAHCTBAX MOCTOSHHON MOJOXUTENbHOM KPUBHU3HLI (CMOTPH
rnasy 3), a 0 IPOTHOAHMU METPHKHU BOJIM3M TPABUTHPYIOLMX OGBEKTOB.

IV. Haxkownew, oTMETHM TEOPETMUECKH PACCYMTAHHLIE B MeTpiixe LlIBapu-
mwinna sdhdexr M. @. Hlupoxora. OH COCTOHT B CIAERYIOLIEM: ey
BHYTPH CBOOOGNHO Bpaillalolllerocs no CTporo Kpyrosoil opbHre crryT-
Huka (Ge3 cHoca) mpoGHoOl Macce COODILMTE OMEHb MANble CKOPOCTH
B PAIHAJBHOM (OTHOCHTENBHO 3eM/IH) W B NEPNEHAMKYISPHOM II0CKO-
CTH OpOMTHI HamipaBRNeHHAX, TO OTHOCHTENEHO CMYTHUKA MOXHO OyIer
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HAaGTIONATh MANLIE KOIeGaHUs npobHOH MacChl B IBYX B3aHMHO Mep-
[EHIMKYAPHLIX HANpapAeHMSX, MpUYeM ¢ Pa3HBIMH YacToTaMM. DTa
Pa3sHOCTh MMEET ODIUEPpLRTHBUCTCKHEL XapakTep M 3aBMCHT OT palHyca
KPYTOBOil OpGHMTHI M rpaBHTalMOHHOTO pamgHyca 3emn. (TToapoGHE
pacuet eM. B [1, c. 87-91]).

Anamn3 atoro 3¢h¢erTa ToKazan, 9ro YacToTa KoaebaHuit Macchl B
TIOCKQCTH, IEPICHINKYASpHOU OpOUTe CITYTHMKA, COBMAMAET ¢ 4acTo-
To¥ BpalllcHHA CHyTHHKA no op0HTe, TOrAa KaK 4acToTa B paiuanbHOM
HAaIIpaBleHHU COOTBETCTBYET 4YacTOTe NBMXKCHHA 00BEKTa II0 po3erke
B Merpuke [lIpapuinnisia. Takum oOpasoM, addexr HIupoxopa npex-
cTap/feT coboit npoisienne 3bdexTa cMelleHNa nepurenns (B JaHHOM
cydae nepures) opouMTH MPOSHOHK Maccel B OKPECTHOCTH 3EMIIH.

KoHTpoOnbHbie 3apaHns

1. Tlokasarh, 9TO B CHELMATBHON TEOPHH OTHOCHTENBHOCTH ¢ HBIOTOHO-
BbIM TPABUTALMOHHLIM [IOIEM TAKKE MMeCT MecTo 3¢ubekT cMelle-
HMS TIePUIeMs, OIHAKO OH B 6 pa3 MeHblle sHaveHus (2.3.15).
Vrasanun xk pewenuro. B Boipaxenue 111 KBaIpata IIOCKOH METPUKK
B chepryecKHX KOOPIHHATAX {B IKBATOPUANBHOM TUIOCKOCTH)

=2 (@) - (%) (%)
ds ds ds

MOJCTABHTD 1BA BUAA POH3BONHbIX [0 HHTEPBAITY, HallleHHbIE U3 3a-
KOHOB COXpaHEHNA SHEPIHH H MOMEHTA UMITYNIbCa HACTHLIBL

mﬂczvz —mal!:2 - G”:_DM =Ey; "'Z% =0y,
-z
Tie B NepBOM CjIaraéMOM CIEOYET MOTOXKUTH
1 cdi
)Y 3
c!

Hanee crmegyeT AcUCTBOBATE TaK, KaK 3TO MITOXKEHO LIS METPHKH
HIsapummnena.

2. Moka3aTk, 4T0 B HBIOTOHOBOM TEOPHM IpasuTauMH 3bEexT oTKAO-
HeHWS Ty4eil ¢BeTa, MpOXOIAImINX bOivsu gucka ConHua, B ABa pasa
MeHBIe 3HaueHun (2.3.26),
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Viazanue k pewenuo. 3aMEHUTb Ny4 CBETA HA [TPoGHOE TEIO ¢ MACCO
me’ = ki, OBHXYIIEECH CO CKOPOCTBIO CBETA ¢ ¢ MPHIENBHEIM pac-
cTosiHMeM R B HBIOTOHOBOM IPAaBUTALMOHHOM noae. Pewnatk naHHylo
3anaqy cOrJIACHO METOLAM KIACCHMecKOH TeOpeTHIECKON MEXAHMKH,

§ 2.4. MeTtpuka Keppa

)Z[pymiu MpaKTHYECKH BaXXHbIM TOYHBIM pEITEHHEM YPaBHEHMHA
JiHlTeiiHa aBasieTcA MeTpHka Keppa, onMceiBalolas HCKPHBIEHHOE
MPOCTPAHCTBO-BPEMSA BOKPYT BpaIUalOETOCH MATEPUATEHOTO HCTOYHH -
xa. Cnenyer HarOMHMWTE, YTO MPaKTHYECKH BCE acTPOMU3NYECKHE 06L-
exth (ConHue, 3Be3a51, 3eM/1d 4 ApyTHe nnaHeThl COMTHEYHOM CHCTEMDI)
BPALLAIOTCH, T. €. METPUKA BOKPYI HUX OTIM4YaeTcH or Merpuxu LliBapu-
uneisia. OYEeBHAHO, 4TO B TAKOM [HPOCTPAHCTBE UMEETCH BRIIEJIEHHOE
HampasleHHe, T. €. METPUKA ARASETCA aKCHATBHO CUMMETPHYHOI,

TogHoe pellieHHE, ONKMCHIBAIOLLIEE METPHKY BOKDPYT BpalLAKOIIErOCcs
HMCTOMHMKA, Briepsble GuU10 HaitmeHo P. Keppom B 1963 roay. Beison
3TOH METPHKM JOCTATOYHO rpomosnox (cM. [11, ¢.208-211}), nosTomy
BbINMIIEM JMILIb OKOHYATEJIBHBIA pesynsTaT. Yallue Bcero 3Ta MeTPMKA
JanucbiBaeTcs B koopauxarax P Boitepa i P JInHaxksucra:

21 12 00l
ror r‘+a‘cos’ @
dst=(1- "7 _ Ygpop_T 1o cosE 2
’ ( 'r‘+a2c0529)(dm) rital—ryr r
r.ra?sin?f \ |
- (r2+a200520) e’ — (r2+a2 + m) 31n20d(,02+
2r :
T2 in20dz° dy. (2.4.1)

rl+alcos?d

270 CTallHOHapHaAd METPUKA, 3aBHCALAA OT JBYX KOHCTAHT: T‘g na.

2.4.1. Ananua metpuku Keppa

l. PaccmoTpum, Bo uTo npeBpaliaetcs MeTpuka Keppa npu o6pawmeHun
B Hyllb OAHOA W3 NBYX BXOOALUKX B Hee KOHCTAHT.

) Mpya=0u rq # 0 meTpuka Keppa B xoopauHarax Boiepa—
JInHpkBUCcTa MepexonuT B MeTpuky IlBapuirunsaa (2.1.28) B koopavHa-
Tax KpUBH3IH, UMEHHO 3T0 06CTOATENLCTBO OBYCTOBIIO HCTIONB3OBAHHE
ee HMEHHO B TAKOM BHIE.
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) Mpua#0ur, =0 inem‘pnxa Keppa npuﬂnmaef BUIL
r? 4+ a?cos? @
ds? = (dz®)* - ———— dr? -
5 = (dz) r 4+ a?
— (2 + o cos? 9)(d6? + sin” 0 dp?) — @ sin* 8 dp’.  (2.4.2)
Tpouaseas nmpeobpaizoBaHHe KOOPAHHAT:

z = 1?4+ a’sinfcos;
y= msinﬂsinw; z=rcosé,
nerko y6equThes, uTo MeTpuxa (2.4.2) B HOBHIX KOOPAMHATAX HMEET BUJT
ds’ = (d2®y* - dz* - dy* — d2°, (2.4.4)

T. €. SIBASETCA METPUKOI ILTOCKOTO ITPOCTPAHCTBA-BPEMEHH B 3JUIMITTH-
YeCKHX KOOPAWHATAX, YIOBACTBOPAIOINX YCIOBHIO
22

(2.4.3)

z’ +
ri+a®  ?
Il. o nonyueuna Keppom TOUHOTO pellleHrs METPUKA BOKDPYT Bpaila-

I0LHXCA UCTOYHHKOB ONUCHIBAIACh NpHOIIKE HHO! Memmctm Jlenze—
Tuppunra, HaiiaenHoil B 1918 roay:

= 1. (2.4.5)

2 _ _?ﬂ{) op_ 4t
ds ‘(1 )@=y W6GM
cir

AGM
— r?(d6® + sin’ 8 d¢?) +
cr
rie M — MOMEHT KOJIMYeCTBA NBHKCHMA LEHTPAILHOIO HCTOYHHKA.
W3 cpaBHenus (2.4.1) u (2.4.6) cnemyer du3aMuecKUil cMbICA NAapaMeTpa
B MeTpHKe Keppa:

sin’ 8 dz” dyp, (2.4.6)

M
cM’
OtmernM, yto Kepp B cBOe# nepBoit pabore nonaran

2 wR?
== — 4.7
a=3 =, (2.4.7}

TAC W — YTH0Bas CKOPOCTE BpAalICHWA, R — pasuyc cpepHUUECKOTO TENa,

a =
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JIerko BUIeTh, YTO METPHKA (2.4.1) HHBAPUAHTHA OTHOCHTEBHO OHO-

BPEMEHHOTO OTPROXKEHUS BPEMEHH M M3MEHEHHS 3HAKA ', T.¢€. z° - —mo;
a — —@, YTO TAKKe MOATBEPKIAET CTIPABERINBOCTL OTOXACCTBIEHNA @
¢ duamueckoit BEMMUMHOM, APONOPLIMOHANTEHON MOMEHTY WMITYNBCA.

Ill. PaceMotpum xapaxTeprbie 115t MeTpuKy Keppa o6NacTi npocTpaH-
CTBA-BpEMEHH BOTH3M UCTOUHHKAE.

¢ KoMiloHeHTa MEeTPHMKH ¢y obpaluaercd B GECKOHEYHOCTL APH
rz-i—az—‘rgr:(),
OTKYD2 HAXOIMM pacuyc 2opu3oHma

r
1‘0=?g:i:

OrparrumMcs OONBbUIUM 3HAaYEHHEM, T. €. CIYJacM 3HAKa IUHOC.
¢ KomnoueHTa METPHKH Goo 0OpailaeTcs B HYAb TIpH

rt— rry ~ a’cos’ § = 0,

OTKYJa HaxXOOMM TaK HA3ILIBAEMBL paduyc nosepxnocmu beckoHey-
HO20 KPACHOSO CMEMWEen U

(2.4.9)

Onsrs orpannyuMcs 60abwuM KopHeM. M3 (2.4.8) u (2.4.9) Buano,
YTO [BC MOBEPXHOCTH COMPHKACAIOTCH B MOMKCAX MOBEPXHOCTH
ropu3oHTa (cM. puc, 2.4).

TToBepxHOCTE GECKOHEYHOTO
KPaCHOTO CMEIICHIA

Puc. 2.4. FlosepxHOCTYH roPU3OHTA ¥ BECKOHEYHOro
KPacHOTO CMeLLEHnA, orpaHuuuBaloiyme aprochepy



§2.4. Merpuxa Keppa 99

O61acTh, OTPaHHMYEHHAS HIBHE TIOBEPXHOCTBIO OECKOHEYHOTO Kpac-
HOTO CMEIIEHHS U M3HYTPH TIOBEPXHOCTHI0 TOPU30HTA, HA3BIBAETCH 3p-

2o0chepoll,

IV. IToscuum, novemy BHYTpeHHAA HOBEPXHOCTb 3procdepbl Ha3bi-
paeTca ropusontroM. [I1g 3TOTO HamoMHUMM CBeZeHus M3 auddepeH-
uMalbHO# reomeTpuy, Ecau runeprnioBepxHocTh 33JaHa YpaBHCHHEM
f (:::0, zl 2% :r:s) = CONst, TO KOMIIOHEHTHI HOPMANIH N, K HEW HaXonaTcsl
H3 QOpPMYTE
_ 0f(=)
p= (2.4.10)
, lijg

st Toro, 4ToGB HEKHIT CHTHAN TIPOXOMMI CXBO3b JAHHYI TMIIEpIO-
BEPXHOCTH HEOOXOIHMMO, YTOOEI HOPMAIE 65ITa BpeMeHH-TTOT00HOMH, T. €.
g 'nyn, > 0. B nanHoM Xe cyyae MeTpHKH Keppa ypaBHEHHe THTIED-
TMOBEPXHOCTH TOPM3OHTA UMCET BU/T

f(m).=?'=%g+

OTKYIA CJICOYET, YTO HA JAHHON THMeprnoBEpPXHOCTH
g nym, =0, (2.4.11)

T. €. [MTIIePIOBEPXHOCTL TOPH3OHTA sSIBNAeTCA H2oTpomHoii. Bonee Toro,
OHa ABJIAETCSA ONHOHaNpaBAeHHO. TakKUMH Xe cBoOMcTBAaMH obnamaeT
Y TOPU30OHT B MeTtpuke LBapimaneaa.

2.4.2. YpaeHeHus reoneanyeckux NWHWH 8 MmeTprke Keppa

HoncTaBmsas KOMOIOHEHTE METPHKH Keppa B YPABHEHHA TEOIE3HIECKHX
muEui (1.3.7), MOXHO MONY4UTL CUCTEMY M3 SETHIPEX YPABHEHMIT, aHa-
JOTHYHYIO 3aTTHCanHONW na MeTpvkd LHeapuunamsia B § 2.2, m 2.2.2.
B ofmeM ciyyae 3TH ypaBHCHWS B AaHHO MeTpuKe HMeloT Gormee
CIOXKHBIA BUI, HeXenmH B MeTpuke Isapuurinsaa. OrpaHUYMMCA 316Ch
0o0mee MPOCTHIMM CyYasiMi IBMKEHHS YaCTHL B SKBATOPHATBHOM MTN0C-
KOCTH, KOTOA B HaYaAbHBI MoMeHT @ = /2 u df/ds = 0.

l. HaurieM ¢ ypastenuns mist yrna 8. JIerko yGeIuThCA, YTO BCE MPOH3-
BOAHBIC OT MeTPHUYCCKOTO TeH30pa, BXOIAIIHE B 3TO YpaBHCHME, B 3KBa-
TOPHANBHOM IL10CKOCTH paBHbl Hymo. OTCI0a CIeIyeT BeIBOMA, YTO €C/TH
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TEJIO 1 €ro CKOPOCTh B HAYaNbHbI MOMEHT NEXAIM B IKBATOPHALLHOM
ILTOCKOCTH, TO 1 BCE €10 ABIKEHWE BYIeT OCTaBaThCsl B 3TOM IIOCKOCTH
(B mnockocty Jlannaca).

ll. YpaBHeHMH TeOme3MYecKMX JMHHUIL /LIS KOMIIOHEHT I’ U £ = ¢
B KBATOPMANLHOMA IUIOCKOCTH HAXOAATCHA B BUIE

2.0 2 o2y Amd 2, .2

d’z” _ ry(r*+e°) dz’dr ary(3r’ +a )drdp.

== ; 2.4.12
ds? rA, ds ds r?A, ds ds ( )

d2p ary dz®dr  (2r’ —rya’ - 2ryr?) drdy

ds? 1A, ds ds 1A, ds ds’

(2.4.13)

[Jle WCTIONBIOBAHO 0Go3HaveHne A, = #° + a’ — ToT.
YMHOxas 06a ypabHeHHa Ha A (ds/dr) u BBOAs HOBbE 06O3HA-

YeHHAL
_ da’ _dy
“ds T s
MPHUXOOMM K CHCTEME YPaBHEHMI U y M z Kak ¢hyHkuuid ot r. HUx
PEWEHHE TIPEACTABIACTCA B BHIE!

dy 1 fr—r,
A El )
ds AI ( r o+ a 0) )
. (2.4.14)
dr 1 arg )
13 -—AI(ET rO’(j‘f‘GEﬂ)

Cpapuusast 311t opmysnsl ¢ (2.2.7) u (2.2.13), yGexaaemes, YTo BBeeH-
Hbl€ 30€Ch (008 reone3vyecknx B MetTpuke Keppa) KOHCTaHTH 0o 1
COOTBETCTBYIOT TaK %€ 0DO3HAYEHHbHIM KOHCTAHTAM HHTEPUPOBAHMS
B MeTpuke lliBapuiinunsna.

IHf. VpaBueuue ans paguanbHOR KOMIOHEHTb! (4 = 1) B obiem cnyyae
MMeEET ZOBOXBHO CROXHBIA BUL

dr Alrg(d:co)z (20 = ryr) (dr\ A aw)2
ds? 2% \ ds 2ri ds r \ds

2
B () () S () (2,
2r? r? ds ré ds ds

(2.4.15)
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OIIHAKO eT0 peulaTh He obsi3areabHo. Ero nepBblil HHTEIpan nofaydaeTcs
M3 BHIpaXKeHHs [Uisl KBaapaTa MHTepsaia B MeTprke Keppa (2.4.1). Jena
ero Ha ds’ W NoJcTamIAsN B HeTO HaMJEHHEIE BBl DOPMYIHI (2.4.14)
(B SKBATOPHANBHOM TIOCKOCTH ), ITPHXOMHMM K BHIPaXEHMIO [UT KBaApaTa
paaHanbHOMi CKOpPOCTH:

(dr)2 _ B Ay +200E8 (r—ry)

2
E = Ej r2 r3 Ty (2416)

N3 31010 BHIpaXeHUs, Mepexond K nepeMeHHON

U= -
r
u 3amensis nudrbeperuuporanue no ds Ha Jubdepeniinposanue o dyp,
cormacho (2.2.16), nerko puity K 060GWEHMIO Ha CAYYAH METPHKH
Keppa nepsoit ¢popmynn bune, a, tnddepeniupya ec no dy, MOXHO
TIONYYUTE OCOGIICHHYIO «CHIY» B MeTPHKe Keppa NIpH ABMXeHNH Npo0d-
HO# YaCTHIB! B 3KBATOPHATTEHOH TUIOCKOCTH. OHAKO MPH 9TOM CIEIYET
He 3abBIBaTh, YTO TAKHM 06pa3oM BREAECHHAA «CHIIA» HMEET KOODIM-
HATHEI XapakTep. J1g KOppeKTHOH WHTepIIPeTAallMH NONoGHBIX BEIpa-
XEHUH HeoOXONUMO WCMONb30BATE METOOB 33JaHWA CHCTEM OTCYETA
(cM, BTOpPYIO 4YacTs).

2.4.3. Hexotopeie addexrul 8 meTpuke Keppa

B metpuke Keppa uMeioT MecTo Kiaccuyeckine 3GQeKTH OTKIOHEHNS
Tyyell CBETA M CMENIeHUS Mepurenus MepKypHs, B 3HaYeHUS KOTOPBIX
BHOCATCS MOMPaBKH, 3aBHCATIIME OT MapaMeTpa BpamieHUs @, DTH 1o-
NPaBKH MPE3BbNARHO MATEl M B JAHHBIA MOMEHT BPA/I JIH BOBMOXHO HX
3KCNEepPHMeHTANBHOE obHapyxkeHHe. HajoseM HeckoibKO XapaKTepHLIX
3thexTOB, NPUCYLUHX METPHKE JIMLb BOKPYT Bpallawiuerocs obwexra.

l. Ippexm noanozo yesenwenus speocpepoii. B sprocdepe Huxaxas vya-
CTHLA HE MOXET HaxoOuThesl B TIoKoe. [TpeImofoxiiM MpoTHBHOE, T. €.
mycTh

r =const, @ =const, ¢ = const,

TOrza KBazpaT MHTEpBana B 3procgepe
(r? + a? cos? @ — rry)

ds’ = — oo B (dz")* <0, (2.4.17)
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BCeACTBHE (2.4.9), CTAHOBMTCS NPOCTPAHCTBEHHO-NOA0BHBIM, T. €. KO-
OpIWHaTa £ Tepser BPEMEHU-TIONOGHBIH XapakTep, [[A CoXpaHEHMS
BPEMEHH-TIONOGHOCTH 2 HEOGXOXMMO HATMIHE TIONOKMTETLHOTO CTa-
rAeMOro CO CMEIIAHHONH KOMIIOHEHTOH METPHYECKOTO TEH30pA go3. DTO
03HAYAET, YTO B 3procdepe YACTHLEL HENIPEMEHHO JO/IKHEL BPalNATECS,
NpHYeM 00A3aTeALHO B HATIDABEHMHN BPAIEeHHUA HCTOUHMKA.

I, O¢gexm Ienpoysa naeT NpUHUMNKAIBHYIO BO3MOXHOCTb M3BiE-
KaTh 3HEPruio M3 Bpaluawoieiica YepHoi Ablpbl. MOXHO NOKA3aTh, YTO
YacTHIILL MOTYT TEpECexaTh BHEIIHIOW IpaHHUY 3procdepbi, npuuem
B 00oMx HanpasicHusx. [lockonbky B BHYTPH aprocdepsl goy < 0, TO
bopMaNLHO BEIYHCIACMAA SHEPrdsl YacTHLIbE MOXKET 0Ka3aThCd OTpULA-
tensHON, Ha 910M ocHOBaH 3hdeKT M3BACUYSHUA SHEPTHM W3 Y&pHOii
JOuipsl. [IpennonoxuM, YTo CyLlecTBYIOT TAKUe acTpoduinyeckue obb-
€KThI, YTQ BHELUHKI panuyc Mx aprocepbi 0OIbIIE ET0 [EOMETPHYEC KHMX
pasMepos. IlycTe HekoTopbiii 0ObekT (pakera) Bieraer B sprocgepy,
obnamas HexOTOPOH nonoxureAsHoM sdeprredi. Brerer B aprocdepy,
TIYCTE OOLEKT PacHalaeTCsd Ha JIB¢ "ACTM, OAIIA M3 KOTOPLIX OCTaercs
B oprocdepe, obnanas OTPULATERBHOR 3Heprueil, a Apyras BbUICTaeT
M3 3procdepsl, Teneps NpuobpeTas GoabLIYI0 DHEPIHUIO, YeM obGnanana
pakKeTa A0 BXOXACHUS B 3procoepy.

O4eBHaHO, NMPH TOM HE NMPOMCXOAUT HApYINEHHA 3aKOHA COXpa-
HCHMA IFHEPIUMM, SHEPrus YEpraeTca M3 Bpalllaloledcs YepHOH abIpEL,
KOTOpAas B NPOLECCe M3BIEYEHWA U3 Hee BHEPTHU J2HHBIM CTIOCODOM
6yneT 3aMeLiATh cBoe Bpaluckue. [Tpu 21oM ee oprocdepa GyaeT yMeHb-
lIATHCA O TeX TOp [OK& BHEWHUH paauyc aprocgepbl He COMbeTcH
¢ palIuyCoM FopM30HTA, T. €. TIOKA KEPPOBCKAA YEpHan Ablpa He IIpeBpa-
TUTCS B IIBAPLILIMABAOBCKYIO YEPHYID IBIDY.

Hi. 2pgexm Muuxesuna cocTouT B TOM, 4TO 1pA [IPOGHBIX TE/IA, BPAINA-
IOIIUXCA BOKPYT KEPPOBCKOTO HCTOYHHMKA B 9KBATOPHATEHOM TUIOCKOCTH
TIO KPYTOBHIM OpOWTAM C OMWHAKOBBIMHM 3HAYCHUSMHK pAIHATBHOM KO-
ODIMHATEI, HO B TTPOTHRONONOXHBIX HATIPABIEHHAX — B TY e CTOPOHY,
4TO M KEPPOBCKMI HCTOUAMK, W B IIPOTHBOIOIOXHYK, — JIBVKYTCH
C pasHBIMM CKOPOCTIMH, 4TO JO/DKHO TIPOABNATLCA B Apeiide TOUKH
BCTpeuM {cM, puc. 2.5).

{ToncuntaemM 3TOT hheKT, UCXOIA W3 PATHATBHOIO YDABHEHHA Teo-
Jeauyeckoit (2.4.15), KOTopoe npy 7 = const B 3KBATOPUANKHOM TUTOC-
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Touxa
BCTPEYH
o
Ap
T, )a T
e
=0

Puc. 2.5. d¢pdext Muukesnua. Jpeitd TOMKM BCTpeYK
NPOGHLIX YAETML, HA KPYrOoBbIX OpOuTax

KOCTH (6 = 7/2) npuHUMaeT BUL

Arrg (dmo)z_l_ A o rgaz) (dgo)z Ajrya (d:c”) (dga 0
2%\ ds 2r? r? ds r ds ds /)
(2.4.18)

YMHOXUE 3T0 BbIpakeHHe Ha

274 ds\}
A] d.so '
TNPHXOAMM K KBAIPAaTHOMY YPAaBHEHHIO OTHOCHTENILHO da:D/dga:

dz®\? dz® 2 3
Tg (-CE) — 2Tga£ + (Tgtl —2r ) = 0. (24.]9)

Ero pewenue naxonurcsa B Buae

0
dz _ re@ k1 2rgr
dy ry
TiE 3HAK TUTIOC COOTBETCTBYET ABIDKEHWIO TENa B HATIDABACHHUH Bpauie-

HHS HCTOYHHKA, 2 342K MYHYC — B 0GPaTHOM HanparIeHuH (c 6onpuie
YII0BOI CKOPOCTRIO).

, (2.4.20)
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HHTerpupys 9T0 BLIDAKCHME M0 ¢ OT My 10 27, [OAyvaeM
(koopnunaThbie) nepyonnl OGpAILCHUA TeA BOKPYT MCTOUMHMKA COOT-
BETCTBEHHO 1O M [POTUB HAMPABNEHHS BPalleHU MCTOYHHKA:

2 27 2 2
T+:—-1E(r —T+a); T_z—w(r —r—a). (2.4.21)
c Ty ¢ rg

O6o3nauas yepe3 ¢ yron, XapakTepH3yIolini OTKIOHEHHE TOUKH BCTPE-
YW OT /2, ¥ Yepe3 wy — COOTBETCTBYIOIUME YACTOTH oGpAIUEHUS Te,
WMEEM [ YTNa ypaBHERHE
T+op m—dp
W.  we

, (2.4.22)

OTKyJa HaxoauM

w_ — Wy T+ - T_ TG ‘I'g
=T = — - .

Wy +w_ T+ + 71 T 2r

dp=m (2.4.23)
W3 BbINMCAHHBIX BLIPAXEHWH CELYeT BHIBOA, 4YTO TEAO, ABHXYyllee-
CAl B HAMPaBICHHH, MPOTHBOMONOXKHOM YIIIOBOH CKOPOCTH BPAINCHURA
KCTOYHKKA, YTOObLl YOCPXKATECA HA AAHHOA KPYTOBOM opOure, HOLXK-
HO UMETh CKOPOCTh, BOABILYIO TOTO TENA, YIN0BAA CKOPOCTh JBHAKCHHA
KOTOPOro COBMAAAET ¢ HANpaBl¢HMEM YIJIO0BOH CKOPOCTM MCTOUHMKA.
TaxkuM 00pa3oM, TOYKA BCTPEYMH CMEIIACTCA B CTOPOHY, MPOTHBOIOIOK-
HYIO HAIPaBICHUIO BPANIEHNH UEHTPAIBHOIO UCTOMHUKA.
[ToagepxHem, uto maHHBbIH 3G HEKT BEIMUCIEH B XOOPIUHATHOM Bpe-
MeHW. TTPH HCmoM30BaHMK CTPOTHX HOHATHIA CUCTEM OTCYeTa (CM. IiaBy 4),
HaWOeHHBIA YyToN OyACT 3aBHCETE OT HCTIONML30BAHHOM CUCTEMEI OTCYETA.
OueBHOHO, 4TO B MeTpHKe IlTBapumnabaa naHHE 2 dhexT OTCYTCTBYET.

V. 3¢gexm Hlugpda cocTOUT B TOM, YTO OCh THPOCKONA, BHIBEIEH-
HOTO CIYTHHMKOM Ha KPYTOBYIO OpOMTY BOKPYT BPALIAIOLIErOCH WCTOY-
HMKa (Hanpumep, BOKPYL 3eMiu), GY/AET MPeLeccupoBaTh ¢ HEKOTOPO
YOIOBOH CKOpOCTBIO ), 3aBHCALICH OT pamwyca R kpyroBoit opGHTHI
rHpOCKaoIa, ero opbHTATEHON CKOPOCTH W M1apaMeTpod TiCHTPATBHOTO
HCTOYHWKA (Macckl M, YIIIOBOI CKOPOCTH BpallleHHMA ¥ MOMEHTA MHEp-
uum). 1ot abdexT BHYUCATETCA Ha OCHOBE ypaBHeHHIH MaTHccoHa—
MamaneTpy (cM., HampuMep, [1, c. 43—46}). OtmeTu™, 9T0 OlIEHKH NO-
KA3BIBAMOT BO3MOXHOCTE OOHapYXeHUS 3TOTO 3¢hdeKTa COBPEMEHHEIMHA
3KCMIEPHMEHTANIEHBIMH cpeacTRaMu. bosnee TOro, AaHHLIA SKCNEPHMEHT
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YX€ MPOBeIcH aMepUKAHCKMMH KOJUIEraMHU, Y B JAHHBIA MOMEHT HAeT
00paboTKa NOJIYIEeHHBIX PE3YNBTATOB.

KontponbHoe 3apaHue
Bniepsbie mMeTpuka Keppa Geina HaiiieHa e¢ aBTOPOM B CIENYIOLIEM
BUjE; ’
ds’ = (dz")? - dr’ ~ (r* + o’ cos’ 0) d8° - (r? + @¥)sin® B dp® ~
reT . 02
m(d?-{- asmedtp+dz ) .
(2.4.24)

Haity mpeoBpasoBaH s KOOPIHHAT, TIEpEBOISALIIE STy METPHKY K 00-
wenprHATOMY BHOY (2.4.1} B Koopaunatax Boitepa w JIunakeucTa.

— 2asin’ @dr dg ~ -

§ 2.5. «MacTuuenogoOHele» TOYHbIE
peweHna ypaBHEHWWA DWHWITEHHA

«YacTHLENOA06 HLIMM» YAaCTO HA3LIBAIOT PEIIEHHA COBMECTHOM CH-
CTeMbl ypaBHeHHH DiiHITeliHa, Makceesana u KneftHa—®oka ¢ uctou-
HHKOM B BHIE HEKOIOD KOMIIAKTHOIO MAaTepUANEHOro obpasopaHus {ya-
CTHLBI-HeHTpa). OGBIYHO TOBOPAT, YTO TAKME PELICHUS] MOTYT 3aBUCETh
or 8 xapakTepHuiX KoHcTaHT: M, n,a.b, Q, ¢, g, A. DT napaMeTpul
HHTEPIIpETUPYIOTCH CIEIYIOMIMM 00pa3oMm:
26M .
a2
n — napaMerp HYT (HeiomeH, Yuru, TamOypuHO) — MHuMas Macca (7);
a — napaMerp, XapaKTepH3yIoNInit BpallleHHe MCTOYHMKA;

b — yckopeHHe HCTOYHHKAE,
) — 3apsil MCTOYHMKA CKANSIPHOTO MO,

M — macca, wid yallle HCTONB3YETCH Ty =

vGq
§ — IEKTPHYCCKITH 3apsil MICTOYHUKA, HTH YaCTO HCTIONB3YETCH €4 = — ;
§ — MArHWTHBIH 3apaa (MarHWTHOLO MOHOIIONA);
A — ROCMOIOrUYecKas NnoCTORHHA,

YacTo TpM fapsl KOHCTAHT IPYIMHPYIOT CIENYIOLHM 00pa3oM:
M+in, a+ib, ¢+1ig.

Hike TipnBeneHel Gusiueckn HauGOIee HHTEPECHBIE METPHKH TAKOIO
copra (Apyrve perieHus MoXHO HaHTu 8 (6]).
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2.5.1, HekoTopble oGobuieHna metpyku lrapuwmunena

BrImuieM HecKOTbKO Haubonee BaxHbX 06001IeHIH MeTpuky [IIBapii-
ILHTBIA.

|. Mempuxa Kommaepa sinsercsa cepruecKy CUMMETPUYHBIM pellie-
HUEM YpaBHEHHH DHIITEHHA ¢ KOCMONOTHYECKUM WICHOM B «BAKyyMe»

Rpu/ = Agpv- (2.5.1)
OHO HAXOIMTCA B BUAE

ds’ = (1—2—5’;1:'1r Ar? )(d 2%)? -

dr?
2GM  Ar?
| — T+ =
cr 3

M3-33 JONONHNTENRHOTO CRATAEMOTO, TIPOTIOPITHOHATBEHOTO 1-2, B KOM-
TMOHEHTAX oo ¥ §1) 3TC pElUCHHE He ABASCTCH aCHMITTOTHMECKH TIOC-
KM, [TockonbKy L0siroe BpemMs He ObiJI0 OCHOBAHMIA FOBOPUTH O TIPOAB-
JIEHUSIX KOCMOMOTHYECKOHK OCTOAHHOM B RabIaaeMoil 4acTi oKpyXa-

0LIEro MHpa, TOJIAraTH, YT 3HAYEHHE KOCMONOrHYecKoil MOCTORHHOM
N -56 =2
ype3spbiyaiiHo Mano. A < 10 M “.

—r}(df? +sin’ 8 dy?).  (2.5.2)

{l. Mempuxa Paiiccnepa—Hopdcmpema — 31eKTpoBaKyyMHOE cTaTHYe-
ckoe cthepuyecKd CHMMETPHYHOE PEUIeHHEe CHCTEMb YpaBHeHUH DiHH-
wreiiHa H Makcgeia

2G 1
(F#J\FVA' - ZgﬂvFaﬁFaﬂ); F'.!:Jy =0 (2.5.3)

Ry =~
B KOOPJTMHATAX KPUBHMIH HMEET BHJ

¢
dszz(luza—M Gg )(d

cr Ml
ZG?; o r2(d6* + sin 6 d?); (2.5.4)
(1 - c4r2)
-

Tl § — SAEKTPHYECKUi 3apsil.
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. Mempuxa @uwepa — craTudeckoe CHEPUYECKM CHMMETDPUMHOE
COBMECTHOE pellleiue ypaBHeHMM OJitHmrreiiHa M KneitHa—®oxa mns
6€3MacCOBOTO CKANSAPHOTO TIONA

1 1
Ry - sguR=1 (99,#97,» = 50w d ‘P,a‘P,ﬂ)5 9 VaVsp = 0.

? (2.5.5)
Jlannas MeTpMKa 32nUCHIBAETCA B Boslee CIOXHOM BUIE o
— _ 2
25’ (z — 2}z — ) (dz") - r’(z) Q-
r(z) (z—=21)(z— )

—r(2)(d¢’ +sin’ 0 dp?),  (2.5.6)
FAE UCTIIONB30BaHbl O0O3HAYEHK,

r(2) = (z—2)) (2 - )" 2= pt Vi +GQE

(21 —22) | )
§ — TIOCTOSIHHAst MHTCTPHPOBAaHNS (OGBIMHO MONArAlT fi = —T¢/2);

 — cxanspHLIA 3apsa Wcroynnka. CKanspHoe noje YORBaeT 00paTHO
NPONOPUMOHATEHO T, A €ro HampSXeHHOCTh — QOpPATHO IMPONMOPUHA-
HAJTBHO KBaApatTy paaHalbHON KOOPAWHATH, KaK W JO/LKHO OBITh B ITIPO-
CTPAHCTBE TPEX MIMEPEHMIL,

IV. Mempuxa Baiidua onvchIBaeT POCTPAHCTBO-BpEMsA BOKDYT cdepu-
YECKM CUMMETPUYHOTO HCTOYHMKA, MCIIYCKAIOHIETO BEICOKOYACTOTHOE
HanyueHue. Takad CHCTEMAa OMHCHIBAETCA YPABHEHMAMM JHHUITEHHA,
B TPAaBOfl YacTH KOTOPOFO CTOMT YCpeOHEHHBIH TEH30p SHEPTHU-NUM-
My/bCa BBICOKQYACTOTHOTO N3MTy4CHHA:

Ry, - -;-g,,,,R +Agw = g‘fc:—GP'ls:},li:,,, (2.5.8)

e k¥ — M30TPOIIHBIIt BEKTOp PAaciipOCTPaHeHU MATyueHus1, P — mior-
HOCTb [TOTOKA FHEPTHH B CHCTEME OTCYETa ¢ 4-cKOpoeThio T Takoit, uto
k“‘r‘, = 1. Merpuka Baiiaba B koopauHaTaX KpUBU3H HaXOOUTCS B BUIE

2GM Ar?
FE (1 _ T(“) N _;_) (dz°)? + 2 du dr — r2(d6” + sin® 8 dy?),

(2.5.9)
e u=x"—7 — 3ana3TblEaOLIee Bpemst, M (u) — Macca, 3aBHCSIIIAs OT 4.
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HmMeercs Gonblioe 4Mcio paboT, B KOTOPbIX MCCIENAOBAaNHCh pe-
LWEHWA YPAaBRHEHHMIT DiiHuuTeliHa BHYTPY chepHuecKH CHMMETPHUHBIX
MaTepuanbHelX HCTOYHHKOB, KaKOBBIMM, HAPHUMED, ABASIOTCR 3BE3RLL.

2.5.2, 0O6obwenns meTpukn Keppa
IpuBeneM psa 4acTHLENONOOHBIX AKCHANBHO-CHMMETPHYHBIX METPUK,
00001IaI0IHXY MeTPHKY Keppa.

I. Mempuxa Keppa— Hviomena sipnserca o6o0uIeHHEM MeTpHKH Keppa
Ha CIydail 37eKTPHYECKH 3apsSKeHHOTO BPAilAloLIerocs Tena (TBigeTcs
pelneHneM CHCTEMHBI YpaBHeHHt DiHmTeliHa 1 Makcsemna):

2 2 2 2

T,F — € r° 4+ a° cos* P \

ds’ = (1- zgfgz (dzo)z_ 2 2 ] dr? ~
r+ a’cost @ FE+ac —Tr+eg

AP P
(ryr — €g)a’ sin’ @
2 +a’cos? @

-+ a’ cos® 8) d9* — (r2 +a’ + ) sin’ dgo2 +

2y ain?
2(ryr — €;)asin’ @
r? + a*cos’ @

dz’ dy. (2.5.10)

Il. Mempuxa HYT (Huionven, Yumi, TaMBypHHO) — BaKyyMHOE pellie-
HHe ypaBHeHWH DWHITeHHA:
PoT + 202 6 ?
dss={1- L —""|(dz"+ 4nsin’ = d -
( 72+ n? ) ( i
- d—rz —(r* +n))(d6* +sin’ 0dp?).  (2.5.11)
[Tl 2n? ‘
r? 4+ n?
Du3MecKas UHTEPTIPETAHA 3TOH METPHKM O KOHLA He BHISC-

HeHa. BBICKA3aHO TIPEANONOXKEHHE, YTO UCTOYHHUKOM JaHHON METPHKH
MOXHO CYMTATh TOHKMI JTyd CBETa (CBETOBYIO HUTL).

. Odotmenuem pewenun HYT, 3a6ucauum om nAmu Koucmawm, SB-
ASIerCs METPMKA (3anucana He 8 Koopauuarax Boiiepa—JIMHIKBUCTA):

ds’ = ®(r) (d:co + 4n sin’ ad )2 __drz
= T - - -
2] T3

- (r} + n’)(d#’ + sin’ 8 dy?), (2.5.12)
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e
rgr+ 202 + (8/3)An* ¢+ ¢?
i+ n? 72 + n?

A
B(r) =1- + —3—(1‘2 +507).

IV. Bunuiem B xoopausarax Boiiepa—JIMHAKBUCTA METPMKY, KOTO-
pas Tak xe obobmmaer pemrénue HYT, kak Metrpuka Keppa ofobmiaer
MeTprky [HBapuimnbaa:

gt (1- rg7+ 20’ - 2ancos (a2 -
r+n?—2ancosf+a?cos’d

r?+alcost@+n?—2ancosh

r2+a—ror—n?

sin?@(r? + a’ +n?)2 ~ (r2+ a® ~r,r — nz)(a51n29+2ncos.9)2

r2+alcos?f+n? —2ancosd dp’+
2[2051n79(rg'r/2+n2) n(r?+a —ryr —n?)cosd) PRy
r2 4 a?cos? 8 4-n? — 2an cosh
—[r* +(n - acos8)?] dé’. (2.5.13)

KoHTponbHbie 3aaaHng’

1. o ananoruu co cayyaem metpuki IBapuiunsaa (em §2.2, 1. 2.2.2)
3ANMCATh YPABHEHIS [€0ZE3UICCKIX IurKiA B MeTpuke KoTtaepa {2.5.2).

2. TTo aHanoruu co cnydaem MeTprky LI BapilUMabaa 3aMMCaTh YPaBHE-
HUA reofe3NyecKiX THHHIA B MeTpike PaiiccHepa—Hopactpema (2.5.4).

3. Mo ananoruv ¢ peBofom Metprku [papuuninia (cM. §2.2, 1. 2.2.1)
momyunTh MeTpiky Kottaepa (2.5.2).

4. Tlo ananorTWy ¢ BEIBOAOM MeTpHxu [[IBapliiMibIa TONYYUTH pe-
wenne PaiiccHepa—Hopacrpema (2.5.4) U3 cOBMECTHOH CHCTEMB
ypasHeHUH Diinmreiina 1 Makcsenna.

3ameugnue. YuecTh, uTo B cepHYECKH CUMMETPHYHOM Cyyae 3ieK-
TPOMATHUTHBLIA BEKTOPHBIH NOTCHUHAT XAPaKTEPHM3YETCA JMUIb OO-
HOH KOMIIOHEHTOH.
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BBegenune B KOCMONOruio

O61as TeOpHs OTHOCUTENBHOCTH TTO3BOMHMNA (PU3UKE BBHIATH Ha Ka-
YeCTBEHHO HOBBIIl YpOBEHE B NMOHHMAHWM (PM3MUECKOrO MUpa — B €e
paMKaX MOXHO B MPHUHUKIIC CTABMTL M pPellaTh 3afgady onucanus Bee-
NeHHoif Kak ueaore. KoHevyHo, Henb3s 3a0BIBATD, YTO NPH STOM NPOK3-
BOIWTCA IKCTPANOIALWSA HAalUlKMX NPeIcTaBACHUI 0 MUPE MAKCHMAMLHO
Iajeko 3a Npeaens! M3ydeHHoW obnactu Beenennoi. TeM He menec
obcyxaeHHe oOCOHBIX 33134 HEOOXOAUMO, NMOCKONALKY TONBLKO 3TO MD-
JKET NOMOYb OTBETHTHL HA BOIPOC, 10 KAKMX MPeAefioB KCTPANOJLH LU
MIpaBoOMEPHA, KOIa ¥ KakuM ofpa3oM HYXHO OYVAST U3MCHWTbL HALlM
NPeACTABACHUA 0 TIPHPOIE MUPOIIAHUS.

§ 3.1. OaHopoAaHbIe N30TPONHbIE NPOCTPAHCTBA

B MaTemMaTHYeCcKOM TNaHe onucadue BeencHHOM Xak UEoTo OCHO-
BAHO HA pelieHWH ypaBHeHwit DitHiuTesina (1.5.7), 8 Npasyio YyacTs KOTO-
PBHIX HYXHO NOJCTABMTh TEH30D SHEPTUU-HMIIY/IbCA BCEI MATEPHUI MUPa:
IL1AHET, 3BE3/, MEX3BE3IHOM Cpelbl H BCETO NIpoMere. fCHO, YTo TOYHO
BCE ITO YYECTh HEBO3IMOXHOQ, MO3TOMY B OCHOBY COBPEMEHHOI KOCMO-
JJOTHH NOJOXEHB YNPOLWECHHBIE OZHOPOAHLIE H30TPOIHLIC MOACIH.

3.1.1. ¥cnoBus ogHOPOAHOCTH W M30TPONMK

CdopMynupyeM [MABHBE VCIOBMA, HCNOAB3YeMEIe TIPH MOCTPOSHUH Ol -
HOPOAHLIX H3QTPOIHbLIX KOCMOIOFHYECKUX MOAETEH,

Bo-nepBriX, APERNORAracTCH, YTO BCHO MATEPHIC MHUPa MOXHO 1peI-
CTABUTb B BHle CIUIOWHOH ¢peabl Hanoao0ue MBUTH, KOrIa B KauecTre
OTAENBHEX NBIIUHOK BRICTYNAIOT HE OTAS/TBHbIC 3BE3ILI H JaXe HE Of-
JIeTbHBIE TAAKTHKH, a CKOMNEeHHsl TANaKTUK,

Bo-pTopelx, nosaraetcd, 4yto e BeelacHHol pacnpeneneHue mMare-
PHH — MBUTHHOK OTHOPONHO M U30TPOIMHO, T. €. MAaTEpUs pacrpescieHa
PaBHOMEPHO BAOAD K&XI0TO HANPABIEHUS U ONWHAKOBO MO BCEM HATIPaB-
nervaM. OueBHAHO, YTO 3TH YCOBHS He BLITTOAHSIOTCA B MacmiTabax
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ConHedHOH CUCTEMEBl, OTAENBHOI TANAKTUKH WIM JaXe KOHKPETHOTD
HMX CKOIUIEHMd, OJHAKO 110 Mepe yBelddeHus Macitaba pacnpeie/ieHue
Matepuu Bee Horee cCTaHOBATCSA GJIM3KHM K OIHOPOTHOMY X H30TPOITHOMY.

B-TpeTeHX, NpeHeOPeratOT TEKYAAPHBIMH IBWXKCHUAMH Marepu-
ATLHOH Ccpeasl, T.€, cpella paccMaTpPUBALTCH KAk Obl «BMOPOXEHHOM»
B MIPOCTPAHCTBO 9,

PeteHus ypasHeHHMil DiHIUTeHHA (63 KOCMONOTHYECKOTO YieHa)
MpY BHIMOJHEHMHM HA3BAHHBIX YCIOBMIA Brnepseie Hawen B 1921 roay
A.A. ©puaman. B nacrosniee BpeMa odnapeinsie U30MpoRKye KOCMOA0-
2uveckue pewesus OpUIMAaHa COCTABIIIOT OCHOBY KOCMOJIOTHH.

OnHOpOIHOE H H30TPOTIHOE PACTIpEleieHHE MaTepuy TMKTYET CyIIecT-
BEHHOE YITPOLLEHHE HCKOMOIO BHIA KOMITOHEHT METPHYECKOr0 TEH30DA,
KOTOpBIC NOJDKHBI 06/1a0aTh CBOHCTBOM chepudecKoit CHMMETPUH (C LIEH-
TPOM B M0G0 TOUKe ITPOCTPAHCTBE) ¥ ONMHAKOBEIM 06Pa30M 3aBHUCETD
OT BpeMEHRM-1oa00HON KoopauHATh. MeTpHKa I0/KHA UMETE BHI

ds’ = ¢’ (z)[(dz") - ((dz')* + b*(z')(a8’ +sin’ B dp?))]), (3.1.1)

rae a(mn) — GYHKUMA OT BpeMeHU-A0I06HOH KOODIMHATHE £° xa-
paKTepu3yloiel 3BONOLHIO MUPA, a b(T') — ByHKLHS OT OHOIL TpO-
CTPaHCTBEHHO-TIOA06HON KOOpIHHATHI x', XapakTepHiylonieit 3-MepHoe
npocTpancTBo. (OOpaTHM BHHMAHWE HA TO, 9T0 byHKIIHS bz(:::') nepen
VIIOBOH YACTBI) Tereph He JOJDKHA VAOB/ICTBOPSTH BIOPOMY YCIOBHIO
13 (2.1.6), wanaraBuiemyca npu suisoge pewreHus Hisapinwmnbaa, e
OHO BBIIEANO €AMHbIH UEHTP CHMMETDHU,

MoacTasuM 3Ty METPUKY B ypaBHeHuMsi DiinmrreitHa, Bynem neii-
CTBOBATH IO CTAHAAPTHOH METOOHKE: BBINMHIIEM KOMIIOHEHTRI METPHKH,
cumBonsl Kpuctoddens, TeB30p KpUBH3HHL,

l. Merpuka (3.1.1) auaroHambHa, T. €. KOMIOHEHTH KOBAPHAHTHOIO
MEeTPUYECKOro TeH30pa 00pas3yloT MaTpHily:

2’2" 0 0 0
0 -a*(z% 0 0
_ 1.2
I 0 0 —d(") (") 0 (3.12)
0 0 0 —a’(z")b’ (z')sin’6

% D10 COOTBETCTEYET HCTIONBIOBAHMIO CHCTEMBI OTCHETA, B CPEAHEM COYTCTBYIOWICH
marepuit Beenennoit (oM. §4.5).
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[TockonbKy MEeTPUKA IHATCHAJIBHA, TO KOHTPABAPHAHTHbIE KOMITOHEHTLI
METPHYECKOIO TeH30pa HaXoaaTed KakK O0paTHEIE BEMMYHHEL K KOBapH-
AHTHBIM KOMITOHEHTAM.

Ipu AaHHO#H cHeuH(pHKe METPHYECKOTO TEH30pa YA0GHO 4-MepHEIH
HHTEpBaN fIPeICTaBUTL B NPHUBBIYHOM ISl CHCIMAISHOA TEOPHH OTHO-
cuTebHOCTH (1 -+ 3)-paciiefieHHOM BUIE

ds* = ¢’ (dz")’ — di’ = a*(d2z°)’ - hy dz' dz¥, (3.1.3)

rne hgp cAeayeT TTOHHMATh KaK KOMIIOHCHTHEI 3-MepHOTO METPHUECKOTO
TeH30pa BUAa:

at 0 0
k=0 o’ 0 ; ‘
0 0 a*sin’@
(3.1.4)
. a? 0 0
RE=10 a%? 0

0 1} a6 ’sin’ 4@

37mech KOHTPABAPHAHTHBIE 3-MEPHbIE KOMTIOHEHTH BBIYMCEHBI IO 06-
wemy peuenty (1.2.9).

ll. CumBonbt Kpuctobdens (4-MepHrie) naxonsres no dopmynam (1.4.9).
OTAMYHBIE OT HYJIS KOMIIOHEHTB HMEIOT BHI:

0 0 I 2 ;4 L L
1—'00:1—‘11=I‘10=F20=F30=E, [y = pe F33:basm f;

(3.1.5)

, i
Ih="Th= 3 Iy =cwgd: T =-bb; G.L6)
Ty = ~bb sin’@; T3; = —siné cosé,

[7l¢ TOYKA O3Ha4YaeT nudrpepeHUMpOoBaHHE 110 .7:0, a mIpux — gug-
thepeHITHPOBaHHE 110 ¢'. 30ech CHELMANBHO OTHENEHbI CHMBOJIBI Kpu-
cToddens ¢ YHCTO NMPOCTPaHCTREHHBIMK KOMIIOHEHTAMH OT KOMITOHEHT,
CONEPXALMX HHICKC 0, TOCKONEKY M3-32 OIHArQHANTBHOTO BHIA METpH-
KH OHHY MMET OLWHAKOBLIA BUA K2k B 3-MEPHOM, Tak U B 4-MEpHOil
3aITHCH.
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{ll. KoMmoHeHTH TeH3opa Puuuu Haxolsrcs B BUIE:

Roo = —-;—2(&(: —a?); (3.1.7)
‘R = Eli(&a+d2)+3R”; (3.1.8)
o= (0 + i+ (3.1.9)
By = %(&a + a’)’ sin® 0 + R, (3.1.10)

r/€ BRIIETCHB! KOMITOHEHTHI 3-MePHOTo TeH30opa Piuun, BHIYKCTACMBIE TIO
obmenm dopmynam (1.4.12) gepes 3-MepHblit metpudeckuii Tensop (3.1.4),
H UMEIONIHE BUA

bﬂ
Ry = —2-5“; Ry =1-0" - (t')’; Ry =Rpsin® 6. (3.1.11)

IV. Bosbmem vpaBHeHHA BiiHiuTeliHa B Buae
\
‘!Rﬂl} '——-‘EB(T#V - EgﬂyT) - Ag“y, (3.1.12)

¢ 0BLIMM BUIOM TEHZ0PA HEPTHH- MMITYJIBCA MaTepHanLHOi cpelbl (1.5.8).
YenoBue «BMOPOXEHHOCTH» MAaTEPUANBHOI Cpebl, B POCTPAHCTBO 03HA~
YaeT, YTO OTIMYHOK OT Hyns OyeT TONbKO BpeMeHU-TIono0GHas KOMIIO~
HEHTa CKOPOCTH iy CPEABL.

TToka uMeeTcs B BUAY caMbIid OB clTydait MaTepHaTLHOM cpeabl
¢ IaBAEHHEM M C YUETOM KocMoloruueckoro wieHa. (B nanbHeiieM
AaBleHue GyNET MONOXEHO PaBHBIM HYTIO. }

V. Toscraensa @ {3.1.12) komnoseHTs! Tensopa Puyus (3.1.7)—(3.1.10)
¢ yueroM dopmya (3.1.11), HAXOIMM, YTO OTAMMHEIMH OT TOXIECTBEH-
HOI'o HYJs 6YOyT JHMILL YeThipe IMArOHANBHbLIX YPaBHeHUs DHHIUTeiHa,
KOTOpbi€ MOXHO TIPEACTaBUTb B BUAC

—%(&a—a2)= %(pcz-i-Bp)— A (3.1.13)

1. . ®
;;(aa + az)h.,-;c + Ry = 5(‘062 — P hix + Ahy. (3.1.14)
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[MpencriBieHue ypaBHeHMA DWHIUTEAHA ¢ NPOCTPAHCTBEHHO-MOR0G-
HBIMH OMIIOHeHTaMH B Buae (3.1.14) dakTuyecku 03HaYAET N0KA3ATENB-
CTBO BAKHOH TEOpeMbl: 0OHOPOOHBIE U30MponLue npocmparcmea (npo-
CHIPAHINBEHAbIE CEHERUR) KOCMOADRUHECKUX Modenelt ofinadaiom ceolicmeom

*Rix = Bhi, (3.1.13)

2
roe B } — dyHKUHMS, He 38BUCALIAS OT TPEX NPOCTPAHCTBEHHEIX KO-
OpPIMHAT.

3.1.2. MpocTpaicTBa NOCTORNHON KPUBUSHBI

TIpexs €M pelnars ypaBHeHus Jiumreitna (3.1.13)—(3.1.14), npo-
aHATHAPYEM OIHOPOIHBIE M3OTPONHBIE TIPOCTPAHCTBA (TPOCTPAHCTBEH-
HBIE CERHUS ), YEORIETBOPSIOLIHE CBOMCTBY (3.1.15). YuuTbiBas, 4ro B npo-
cTpaHeBax TpeX MamepeHHii Ten3op PrMana—Kpucroddens pripaxa-
eTca wpe3 TEHI0p PMYYM M CKANAPHYIO KPWBU3HY COIIacHo dopMyie
(1.4.1)) (¢ 3aMeHOM KOMIOHEHT @i Ha Riz), HAXOLMM, 4TO BCE KOMIIO-
HeHThTeH30pa Pumana— Kpucrtopdens airebpanyecky onpenensaiorcs

dyuxurer B(a:ﬂ) W KOMTIOHEHTaMH METPUUYECKOTO TeH30pa fig !
. B, . .
R = j(h?hjk — hihy); (3.1.16)

‘Rt = Bhy, R =—3B. (3.1.17)
B 3ap#tMMOCTH OT 3Haka B OyaeM paiivuarb [IPOCTPAHCTBA TPEX THIIOR!
1} ncmoAHKOL NOAOHCUMENbHOT KPUBU3HEL (B cMBICTIE IpOCTPAHCTBEH -
KX KOOPAMHAT), ecu B > 0; _
2) nCMOAHNOL OMpUUAMEAbHOU KPUGU3HY (B TOM Xe CMBLICE), eClu
B0, )
3) waeeoi kpususnet, ecai B = 0.
(§€BUIHO, YTO MPOCTPAHCTBA PAIHBIX THIIOB MOTYT Pa3ziMUATHCH

JTHINE BMAOM (PYHKITHH b(:r:l) B cHEepPUNECKN CHUMMETPHYHOI METPUKE
(cormeto (3.1.1)}

di = a*((dz')’ + V(' )(d6 + sin® @ d?)). (3.1.18)

BrisicstM, KakoBbl 971 (yHKInM. [Toncrasnsisa (3.1.18) B (3.1.17), noaysaem
2bﬂ

-~ =Bd; 1~)-b"=dB, (3.1.19)

b
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OTKYIa CeyeT ypaBHeH e s b(z'):
b - ()Y +1=0. (3.1.20)

Bo3MOXHEL pellieHHs 3TOrO YpaBHEHMsI TPEX BUAOB:

]

by = 5_ sin (G2’ + Cy); (3.1.21)
1

bh = C —sh (ClI +C2) (3.1.22)
1

b=z + Gy, (3.1.23)

rae C) ¥ Cy — NoCTOSHHBIE HHTerpupoBadus. C IOMOIIBIO, HATIPHMEDP,
nepBoro ypasHerus u3 (3.1.19) Haxomum, 4to

mepBOE PEelLIeHME COOTBETCTBYET NMPOCTPAHCTBAM IIONOXKHUTENLHOM
KPMBHU3HBI!

2 1 ;
B = o >0 = b= E}-sm (C,a: +Cy); (3.1.24)

BTOPO€ PElIeHHE COOTBETCTBYET TPOCTPAHCTBAM OTPHIIATENLHOM
KPHBHM3Hb!

2 ' 1
B= = <0 = b= o sh (Cyz' + Cy); (3.1.25)
1

TPEThe PEUHIEHHE — IIPOCTPAHCTBAM HY/IEBOit KpDUBM3HHI;
B=0 = bh=zxz'+0C. (3.1.26)
HceneayeM reoMeTpHYeckHe CBOMCTBA 3THX MIPOCTPaHCTB.

|. Hpocmpancmea nocmosnuoii noAowcumeoHoil Kpuguansi OTIMCHIBAIOT-
¢ METPHKOH

di* = a*((dx')” + sin® 2' (d6” + sin® 8 dy?)), (3.1.27)

rae Ge3 yuiepba s o6mHocTH nonoxero C; = 1, €y = 0. INapamerp z!
MOXET M3MEHATLCH B npenenax 0 < zh < (cM. pwc. 3.1).

JnvHa OKPYXHOCTH H IUTOMIaask Ceprl ¢ eHTPOM B HAYAIE KOOp-
JIKHAT, XapaKkTepH3yeMble MapaMeTpaMHy z'nf= /2, COOTBETCTBEHHO
paBHW | = 2ma sin:.:l, § = 4wa’sinz’. IMpu yBeTHUEHHH z' oHu
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! =7/2

)

s 1
Q=81R2
\ qu

[9)

!
1
i

o ——

! !

Puc. 3.1. MNpocTpaHCcTBo NOCTORHHON NONOXWTENLHOR \
KpMeu3Hbl (NpoCTpandcTae Pyumana)

CHayana pacTyl, HOCTMLAIOT MAaxKCHMAnbHuX 3HadeHHH {ln,, = 27a,
Sz = 41ra2), 3aTeM YMEHBIUATeAa 10 Hynd. Panwyc r(w') OKpYX-
HOCTH WK C(ephl, COOTBETCTBYIOILIMII napameTpy &, pasen az'. Ero
MAKCHMAIBHOE 3HAYEHME Tmgy = Ma. OTHOMEHUE VIHHE OKPYXHOCTU
K paguycy

! sin !

-~ =27r |
P T

Takum oOpa3oM, B JAHHOM CAy4ae MB MUMeEEeM [0 C reoMeTpueit
Ha 3-MepHOH cdepe ¢ paarycoM @ B 4-MepHOM SBKIMIOBOM NPOCTpaH-
cre. OGbeM BCETO 3-MEPHOTO NpPOCTPAHCTBA

<. (3.1.28)

mo2n
V= /f f o’ sin® &' sin 8 dz' d6 dy = 2n’a’. (3.1.29)
N

Ilo 21O NPUYMHE TaKMe NPOCTPAHCTBA O0ObIMHO HA3DIBAIOT IAMKHYMEIMU
UNH KOHCYHRBIMU.

. Ipocmpancmea noecmosnnoid ompuuamessnol Kpususww ONUCHIBA-
I0TCH METPHKOM '

i’ = a* ((dz')’ + sh® &' (d6° + sin” @ dp?)), (3.1.30)

tne onars npuHATo C) = 1, €, = 0. [Mapamerp z' TEMEPE MOXKET HIME-
HATLCA B nipeaenax 0 < z' < occ.
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JAUHA OKPYXKHOCTH M ILUIOWIANK Chepbl ¢ UEHTPOM B Hayaje KO-
OpAMHAT M C TMapaMeTpaMu :r;l, 8 = w/2 onpenensoTcsa 3HAYCHUAMH:

!=2rashg'!, §= 4ra’sh’z',

[Tpu yeenuueHHy ¢' OHUM H3MEHAIOTCA OT Hynst 1o OeckoreyHocTH. TMo-
MPEXHEMY T' = aﬂ:l U MOXET UMETE CKQJIB YTOOHO boneinoe JHaAUCHUWE,
l sh z

- =27 . 1
S = >2r (3.1.31)

Ob6nem npocTpancrsa Beckoneded. ITo 3Tolt mpHYMHe mpocTpaHcTBa
NOCTOSIHHOM OTPHUATEALHOH KPUBH3HB HA3bIBAIOT omipuembimit, OHU
ONMUCHIBAOTCA 2eomempueil Jobaueacko20, KOTOPYIO MOXHO paccMaTpu-
BaTh KaK FeOMETPHIO Ha rHnepboNonae B 4-MepHOM €BKJIMIOBOM NIPO-
CTPAHCTBE, OTYErO ee TAKXE Ha3LIBAIOT unepboalmecKoir.

N, IIpocmpancmea nyresoli xpususnbt ONUCHIBAKOTCH METPHKOI
di* = a*((dz')? + (2')? (d6* + sin’ 6 dp?)), (3.1.32)

T. €. ABJIAYOTCA TUTOCKHMH WTH eBKIMAOBLIMH TPOCTPAHCTBAMH € XOPOINO
H3BEeCTHBIMH CBOVCTBaMu. HamOMHKM, 4TO B €BKAWAOBOM ITPOCTPAHCTBE

- = 2. 3.1.33
~=or (3.1.33)

KoHTponbHbie 3anaHua

1. HenocpeacTseHHoI MOACTAHOBKOH KOMIOHEHT cMMBOIOB KpKeTod-
tenst (3.1.5)—(3.1.6} B BrIpaXeHHe LIA "Ry yBemuToes B cnpase-
JHBOCTH dopmyasr (3.1.7).

2. 3anucarh YpapHeHHs [€01e3UNECKUX NMHHE {Iyr Gonpuioro pauyca)
B cepHuecKoi reomerpuu Pymana (3.1.27).

3. 3anucaTb ypaBHEHII Fe0Ae3MUECKIX IMHUIE B runepboMUECKOH reo-
meTpuu JloBavesckoro (3.1.30).

§ 3.2. OgHopoaHbie M30TPONHLIE MOAEAH
BceneHHoM |

BepHeMcH K 4-MEPHOMY NMPOCTPAHCTBY-BPEMEHH, ONTMCHLIBAEMOMY
ypaBHenusme (3.1.13) u (3.1.14), » Haiinem pelseHHS STHX YpaBHeHMH
IS TpeX BHAOB NMPOCTPAHCTBEHMBIX CEUeHMI.
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3.2.1. 3akpuiTan U OTKPLITbIe Moaenu Ppupamana

HauHeM ¢ paccMOTPEHMA TPEX BHAOB OMHOPOMHBIX M30TPOMHEX KOCMONO-
TMYECKHX MOLENeit, monydeHHbX A. A. @puamarom (em. [11, ¢. 320-336]).

. Jaxpoimas modeas Dpudmana COOTBETCTBYET YCTOBHAM:

2
B=5>0, A=0; p=0. (3.2.1)
B stoMm cnydae ypasHenus (3.1.13) u (3.1.14) npHAHMAIOT BHI
-E(aa -a’) = —5 (l3.2.2)
L 5 2 &pd
_Ez(a+a )+;§ = —2—' (3.2.3)

BrIMMTAA OMHO YPABHEHHE M3 IPYFOro, HaxoauMm
2da—a* +a’ =0, (3.2.4)

Iponssonsa 3amMeHy @l = z{a}, nonyyaeM pewteHne

z2(a)=(Cy—a)a; e= —Cil- [1-sin(C; + mo)], (3.2.5)

roe & v Cy — TOCTOAHHBIE HHTETpHpoBaHua. Buibupas € Tak, yTobnl
ipH 2’ = 06b0 a = 0,1.e. C; = n/2, uobozuauas C|/2 = ap, UMeeM

e = ay(1 — cos z°). (3.2.6)

WnTepsan bU3MYeCKOTO BpeMEHM dT ONpeneineTCA vepe3 BpeMeHM-
NoAOBHYIO KOOPAMHATY T° BLIDAXEHHEM

dr = a dz’
OTCI0Na HAXOMNM H3MEHEHHE BPEMEHM Uepes T
0 0
t=ag(z —sinz’). (3.2.7)

YpasHenwns (3.2.6) u (3.2.7) onpenensTioT B MAOCKOCTA (@, T) IHKIOHIY
B [1[apaMETPUYECKOM BHAe. TakuM 00pa3oM, NMoaydeHHOE pelieHHe oMM~
CHIBAET MOAENB C 3aKPHITBIMM MPOCTPAHCTBEHHSIMH CEYEHHSIMH, PalTHYC
KPHBU3HE] KOTOPBIX «TTYJLCHPYET» BO BpeMEHW (CM. puc. 3.2).
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O
a(=) IIpocTpaHcTBO JTo6GadeBckoro
Mpocrpancreo EBkmuna
% IlpocrpancTeo PaMana
0 R T ( xﬂ)

Puc. 3.2. 3eonounna Tpex OOHOPOAHBIX M30TPONHLIX
KOCMONOrU4eckX maaenei dpuamana

IaoTHOCTE MaTepHu NOAyYaeM, Hapumep, u3 (3.2.2):

6
" ealc?(l — coszf)

p (3.2.8)
Tpu 2° = 0,27+ (MomenTsl BpeMeru T = 0, 2mag -+ +) MAOTHOCTH
MAaTepHH CTAHOBUTCH DSCKOHEYHOH, T. ¢, HMEIOT MECTO OCODeHHOCTH.
3TO TOBOPUT O TOM, UTO NPABOMEPHO DACCMATPHUBATL TONBKO OIHH
UMK LMKJIOMAB. (Koo oCOoDBIX TOYEK, IIOBUIMMOMY, BRIBOIR 001eit
TEOPUM OTHOCHTEBHOCTH TEPAIOT cuity, CleayeT 0XUIATh, YTO BOMHIU
HUX TP CBEPXIUVIOTHLIX COCTOAHUAX MATEPMH JOMUHUDPYIOT 3aKOHO-
MepHOCTH KBANTORONA Teopuu M GH3MKH IEMEHTAPHEIX YACTHIL

. Omxpsiman modess Dpudmana cOOTBETCTBYET YCIOBHAM:

2
B=-—=<0; A=0; p=0. (3.2.9)
13
YuutbiBast ux, ypasHerus (3.1.13) n (3.1.14) MoxHO 3amucats B Bune
" .2 331902, ‘
—F(aa—a )=—2—, (3.2.10)
1, ., 2  =mpc
. - ==, 3.2.
04(a+a) = > (3.2.11)
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W3 KMX MONYIaeM ypaBHeHHE s a(z’)

2da —a® - a = 0. (3.2.12)
Peluenyie uMeeT BHA
G i1 1
a= ,——'(— [Cg exp {z°} + =— exp {~2"}| - 1), (3.2.13)
2 \2 G

rae €y u C; — MOCTOAHMbBIE UHTErpupoBaHud. Buibupas C; = 1 u 0bo-
sHayag Ci = @g, HAXOXHM 33BUCHMOCTb a(7) B NApaMETPHYECKOM BHOE

a = ag(chz’ — 1); (3.2.14)
T = ao(shz’ — 2°). (3.2.15)

Baibrpas o0nacTe M3MEHEHHS 2% —0 <2 < (, TIpUXOIHM K CXKH-
Maloleica OTKpriToi Monenn Ppuamana. Ilpu § < @ < IOy~
yaeM PaCUIMPAIOMIYIOCS OTKPbITYI0 Mogens Ppuamana. U3 ypasHenus
(3.2.10) HaxooUM 33KOH M3MEHEHMS IJIOTHOCTH MATEPHU:
_ 6

"~ =zaic(chz? - 1)3

P (3.2.16)

Mpu 7 —+ 0 (z* — 0) rUIOTHOCTL MaTepHM, KAK ¥ B 3aKPHITOH Moze-
MM, CTPEMUTCH K GECKOHEUYHOCTH, YTO CNEAYET HHTEPNPETHPOBATD Tak,
YTO 33KOHOMEPHOCTH KJI2CCHYECKOM OBIUEH TEOPHM OTHOCHTENBHOCTH
TEPAIOT CIUIY B OKPECTHOCTH CHHIYIAPHOCTH.

. Omkpumas niockan modeas DpudmMana cOOTBETCTRYET YCIOBUSIM:

B=0;, A=0; p=0 (3.2.17)
YuuTeiBasi ux, ypaBHenus (3.1.13) v (3.1.14) MOXHO 3aITHCaTh B BUIE
3 & pc?
- {0 - %) = —f’é—; (3.2.18)
1 &pc’
S(a+d’) = —g—. (3.2.19)

V3 Hix nomydaem ypasHende ais a(z’)

2da - 6° = 0. (3.2.20)
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Pentenne umeer BUI
a=(C)2° + Gy, (3.2.21)

rae C) u C) — NOCTOSHHBIE UHTErpUpoBaHus. Bribupas € = 0 1 obo-
2
aHauaa C| = ag, HAXOOMM

1
(a = ao(:lg)z; T = ?(xof) - 7= 3\/‘1_00,3/2. (3.2.22)

3.2.2. Moaenn dinwrtenna n ge Curttepa

. Cmamuyecxui qurundpuseckcuii mup Finumerna Apuics MepBoi Koc-
MOJIOTHYECKOH MOIenblo BeeneHHO#, OCTpOeHHOH Ha OCHOBe O6LIei
TEOpMU OTHOCHTENBHOCTH (eM. [11, . 287-298]). B tor mMoMeHT JiiH-
IUTEHH NOJNArai, YTd OLHOPOIHOE H3OTPOMHOE KOCMONIOTMYECKOE pelle~
HME BO3MOXHO JIMIIb [TpY J00ABTEHHH B [0 YPaBHEHUA KOCMOJ/IoTHYe-
cKoro wieHa Agyy . [To 3roit npuunHe Benn4uHa A nony4uiia Ha3BaHue
KOCMOA0ZUMECKOU NOCMOANHOU. -
KocMOormdeckoi Mogend DHHIITHHA COOTBETCTBYIOT YCAOBHS:

=0 (crarmymocts); A#0; p=0. (3.2.23)

Noncraenss atv yeaosus B (3.1.13) w (3.1.14), naxoqum

c?

0= % — A (3.2.24)
c2

B-= % +A (3.2.25)

Or1cioga MONYY4aeM, YTO TIPOCTPAHCTBEHHOE CeveHHe (MPOCTPAHCTRO) B
3TOM MOJIEIM MMEET TIOCTOSTHHYIO TTONIOXUTETLHYIO KPHBU3HY (3aKpEiTast
MOJIENB):

2
=== epc’ >0; A>0; a=const (3.2.26)
KpOMe TOTO,
R (3,227
P zda " =d T @ o

YuureiBag, 4to o0beM MHpA KOHEYeH, JIETKO TMOACYHUTATb MACCY Beeif
MaTepuy B MOICIM DifHinTefHA:

drlg

et

M=pV= (3.2.28)
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. Modess de Cummepa npeacrapnser coboii Apyroit BApHAHT CTaTH-
yeckoit Beenennoit (cM. [11, ¢.299-319]). Ona onuckiBaer mycToil MUp
(6e3 MaTepuu), HO ¢ OTMYHOI OT HYJIA KOCMOJIOTHYECKOM IOCTOAHHOI!.
BTy METPHKY MOXHO 3aTHCATL B BHIE

2 2
ds’ = ( 1+ i\g_) (dz°) - % — r*(d6* + sin® 8 dy?), (3.2.29)
5

I[e BBIDAXEHUE ¢ KOCMOJOTMUYECKOH MOCTOAHHOM YaCTO 3alHUCHBAETCH
nHave: , ,
Al =T (3.2.30)
3 R? .
Ana cpaBHeHusa MeTpuKH Je CHTTEpa ¢ paHee JAIHCaHHEIMHA B 3TOH
INTape, yAoOHEE ¢e TIEPENHCATh B MHBIX BMAAX,

1) Tpeo6pasosaHNEM KOOPIHHATHI
r = Rsing', (3.2.31)
METPHKY (3.2.29) MOXHO TIDWBECTH K BHIY
ds® = cos’ z'(dz°)? ~ R*((dz')’ + sin® o' (d8” + sin® 8 dp?)),

(3.2.32)
HANOMHHAIIEMY METPHKY 3aKpHTOH Moaenu BeeaeHHoit,

2) Bonee pennedHO MpOSBISETCH CMBICA METPUKM Je CuTTepa npu
fepexoae K NATH HOBBIM KOOPIMHATAM:

yi=rsinfcosp; y,=rsinfsing; gy =rcosk;

zU/R 1'2 __z.o/R Tz
Yyastyp=Re - 1—'3—2; -y =Re y l“ﬁi’
(3.2.33)
No3poJAIOIKMM niepenucath (3.2.32) B Bune
ds’ = dyj ~ dy| — dy; — dy; - dy, (3:2.34)
re Ha MATH NEPEMEHHbIX HANOXEHO OXHO COOTHOINEHHE CBAIN
v~y - - -yi=—R" (3.2.35)

D70 COOTHOLIEHHE OTIPEACTAET MPOCTPAHCTBO-BPEMA KaK 4-MepHYIO
THTIEPTIOBEPXHOCTD B 5-MEPHOM MHOTOOOpazvy,
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3.2.3. BoamoxHble oaAHOpPOAHbIE
U30TPONHLIE MOASAn BecenedHoi

B camoM 0BmeM ¢aydae KOCMOAOIHYECKas TIOCTOAHHAA A MOXeT GLITH
NONOXKUTENBHOM, OTPULATENRHOH U Hynepoil. Kpome Toro, xak Gbiio
M0Ka33aHOo, BO3MOXHH NPOCTPAHCTBEHHRBIE CedeHHA TpeX THIoB. Hrtoro,
Mbl MMEEM AEBATH BOIMOXHEIX BAPUEHTOB MOjAeNeil OMHOPONHONH H30-
Tponuoit BeeneHHoit. Coaa caenyer 406aBUTh paxTHYHEIC BUALI YPaB-
HEHHIL COCTOSIHMA MaTepuy (COOTHOIWEHHS MeXy p u p). He npusons
NoNpOOHEIX BEIKJIANOK, M306pa3HM Ha puc. 3.3 3BONIOLMIO BO BpeMe-
HHY BCeX JCBATH BO3MOXHBIX BAPHAHTOB OMHOPONHBIX H3OTPOITHBIX MO-
Jemel, MpuyeM C YYETOM OO0CYyXHAEMBIX Jajlee MaHHBIX HaGMomxeHW
VKaXeM JTHIIb TE MOAENH, KOTOpPLIE XOTd OBl Ha OTAENMBHAIX 3TATIAX oM~
coiBaroT pacimpene Beenennoil. Ha seex rpahukax mo ocM opaWHaT
OTNIOXEHBI 3HaYeHHUA G, a MO OCH 360]_[HCC 3HA4YCHHUA T.

INpocTpadcTBO IMpocTpancreo IIpocTpaHcTBO
PuMana Esxminma JloGageBCcKOro
B>0 . B=0 B <0
W
A>0 Az M, M, M;
1
0N} | | )
{ 1 !
M, M
A=0 O
1 1
O \' 1 7Oy
A<O| 1 ! ! ' 1 '

Puc. 3.3. OaHOpOgHbIE U3OTPONHLIE KOCMOROTUYECKUe MOLENH
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CiaenaeM HeCKOALKO 3aMevyaHHI.

¢ CrarHJYeCKOe COCTOfHIE ONHOPOAHOM H3oTponHoil BeeneHHOI He-
BO3MOXHO (npH A < 0) wiK 0Ka3b1BaeTCA HEYCTORUMBEIM (IpH A > 0) —
B MOOENH DHHIITEHHA,

o OrpuuarenbHas KOCMOAOTHYECKAA TOCTOSHHAS COOTBETCTBYET,
€CITM MOXHO TaK BHIPA3UTBECA, YCHIEHHIO KOCMHUYECKOTO TPHTAXEHYS,
YTO NMPHWBOAKT K 3aMeHe PACITMPEHHUSA CXATHEM.

o [MonoxuTenbHas KOCMOJOTHYECKasA MOCTOAHHAS COOTBETCTBYET
HEKOMY KOCMHMYECKOMY OTTANKHBAHUIO.

e IIpn A >0, B > 0, Kak BUOHO M3 pHC. 3.3, UMEETCS HECKOILKO
BO3IMOXHOCTEH: HEYCTOWYHMBOE CTATHYECKOE COCTOSHHUE, OMMMCBIBAEMOE
MONENBI0 DHHINTEHHA;, YCKOPEHHOE DPACHIHPEHME OT HEeYCTOMYHBOTO
CTATHYECKOTO COCTOAHHKSA, 3aMeHA CXATHA paciiHpPeHHeM; 3aMelieHHOe
paCIIMpEHHE; 3AMEHA PACIIMPEHUS CKaTHeM (aHANOT 3aKPHITON MOIEAN
®puamana); uIBeuHOE PACILMPEHHE OT CUHIYISIPHOTO COCTOAHHUS CHa-
yaja C 3aMelJIEHHEM, 4 3aTEM C YCKODEHHEeM.

KodrponsHoe 3apgaxne

TMoka3zats, 4To npeobpasoraHMe KOOPIWHAT, TIpEIToXeHHoe JleMer-
poMm H PobepTcoHoM,

' r R, 0 _ 0 _ ﬁ
r ——r" e A A +Rln\}1 7 (3.2.36)

"'
NPHBOAMT METPHKY Ae Cutrepa (3.2.29) K BUIy
ds? = (dz°)? — e 2 (dr’? + r2(df +sin’ 0p?))  (3.2.37)
HITH TIOCHE eUIe OMHOIO OYEBHAHOTO NpeobpasoBaHud — K BHAY

ds’ = (d2°) — e ' R(da? + dy + d2?). (3.2.38)

§ 3.3. Kocmonorua u actpodpu3suka

PaccMOTPHM, HACKONBLKO M3NOXKEHHHE BhILIE KOCMOMOTWYECKHE
MOJEAN COOTBETCTBYIOT HAOMIGIACMON PeambHOCTH.

3.3.1. Kocmonoruyeckoe xpacHoe cMellleHne

. Ha npusenentioM Beime pUCYHKE yYTeHBl JIMIIL TAKHE CJIYYaH 9BO-
AIOUMH BeeleHHOM, KOTOpRe XOTA OB HA HEKOTOPHIX 3ITAamaX COGT-
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BETCTBYIOT PACLIMPEHHIO, YTO COOTBETCTBYET OTKPHITOMY B KoHile 20-x
rogos XX Beka 3. Xab6/10M KOCMOJOTHUYECCKOMY KPACHOMY CMEUIEHHIO
B CIIEKTpax AaNeKHx 3pe3d. ITor daxT HHTeprpeTupyercd Kak sddexr
Jlomnepa, obycnorieHHbIH pasberaHneM TalaKTHK OT JI0D0TO NON0Xe-
HUs Habmogarens.

PaceMotpuM 310T 2(@EKT HA OCHOBE KOCMOMOTHYECKHX MOMETCH
dpunmana 3, JIAst 9010 BLITMINEM KBanpaT KHTEPBANA BIOIL U3OTPOITHOM
reofe3uyeckoi TuHnM B Metprke Opuamana (3.1.1). Beibepem chepudec-
KHe KOOPJHHaThl C HAYANIOM B TOYKe HAOIIONeHHWA Tak, YTOORI 3Be3aa-
MCTOYHUK WIATYYEHMS JIEXaNa B 3KBATOPHAILHOM TUtocKocTH (8 =m/2),
npiYeM TTYCTb @ = 0 1 MyCcTb € paguanbHas KOOPAHHATA 2! =r. Tax
KaK MaTepus <BMOPOXEHAa> B IIPOCTPAHCTBO, TO B polecce SBOMIOLIMM
Beenennoit KoopauHaThl 3B€34bl MeHATHCA He OyayT. B arom cnydyae
13 XBaApaTa MHTepBajla nojydaem

a’(z%)((dz’)* - (dz")?) = 0. (3.3.1)

Orcrona HaxoouM ‘ .
dr' =+dr' - 2°Fz'=const. (3.3.2)

BrinuliiesM TakXxke YCIOBUE HIOTPOITHOCTH BOMHOBOTO BEKTOpA M3-

nyuenns k¥, KoTopslit N4 Cllydas pacnpoOCTpaHeHHs BIOTb H3OTPOITHOM
reofe3ndecxoil B BuIOPAHHON KOOPAWHATHO CHCTEME HMEET OTIMYHEIE

OT Hy/Ist IMuIb ABe KOMIOHEHTH &' u k':

K g =0 - (M) -(¢"Y) =0, = F=xk" (333)
I). YpapHeHUA M3OTPONHBIX TEOJE3MYECKMX B N2HHOH METPUKE MpH
ydeTe 3Ha4eHHii cuMBoaoB Kpucrogpdens (3.1.5)—(3.1.6) u cooTHoIE-
HVSL KOMAOHEHT (3.3.3) cBomsITCs K [ABYM COBNAafajoIlHM YPABHEHMAM
(komnoneHTH (0) U (1)):

0 i) a
K9k =0 - K| =+—]+2a°-|=0. (334
7 Adz' T gzt e (3.3.4)
Yurem, yto du3nueckoe (HaBMoORaEMOe) 3HAYEHHE FHEPTHH MATYJEHHA
onpenenseTcs BeanduHon (cM. §4.5)

€=ak’ (3.3.5)

3) OrmeTnM, yTo Gonee KOPPEKTHOE PaCCMOTPEHHE JAHHOTO 3(heKTa MPOU3BOAHTCH
Ha OCHOBE METONOB JANAHHA CHCTEM OTCYEeTA, PACCMOTPEHHbLIX B caeayioweii rase 4,
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ypaBHeHHe (3.3.4) MOXHO MPUBECTH K BUIY

0 0
PelreHHe 9TOTO ypaBHEHMs
ge = f(z’ T 2'), (3.3.7)

roe f (moq:m') — (byHKIWMSA, ONpeNenaomast hopMy CBETOBOTO CHTHANA.

HI. Tlepexons oT anepruu € = AV K 4acToTaM V' ¥ yuHThIBas, 4TO hopMa

CMTHANA OCTA€TCH HEM3MEHHOM, MPHXOIHM K COOTHOMIEHMIO YaCTOT B
0_ 0 0 _ 0

MOMEHTHI HCITYCKAHUA (& = ;) ¥ B MOMENT Habmionenus (z° = z(y):

0
Uy a(z 1 ) .
y[a(:c?,)) = vza(-"'-'?z}) - o = 0(33%2;)' (3.3.8)

TIocKoREKY H3MEHEHHE TIapaMeTpa 620 3a BpEMs pacIipOCTPaHCHHA CUT-
Ha OT 3Be3Opl 0o HADMIONATENA Monaraetcss MaibiM I10 CPaBHEHUIO

C €T abCOMOTHRIM 3HAYEHHEM T (oT Hayana 3BOMOLMM), MOXHO pa3-
JIGKHUTE a(m?l)) B PAI N0 PASHOCTH 3HAYEHMIL:

a(x(()l)) ~ a(-’—'(ozj) - a8z, (3.3.9)
TlozcTasisas 310 BhipakeHwe B (3.3.8), Haxonum

v —v Av a
R = (3.3.10)
v, v a

()
Beauuwnue dx COOTBETCTBYCT PACCTOARME OT HITYIATENA A0 NPHEMHHKA

! = acdz’.
OTciofa MONY4AeM OKOHYATEIbHYIO GopMyITy
. Av al i
—_—=—-—-=-H-, 3.3.11
v ale c { )

[Ipu paciiupennu Bcenennoi (ipn @ > () u3MeHeHME 4aCTOTHL OT-
pullaTenbHOe (KPACHOE CMELLEHHE), A NIPU CKATHU — MOMOKMUTENBHOE
(¢moneroBoe cMmemeHKe).

Kosbdunment nponopumronansiocte H B (3.3.11) HassaH nMe-
HeM OTKpHIBLIErO ero Xab6na. [To coBpeMEHHBIM OLEHKAM TTOCTOSTHHAS
XabOma uMeeT 3HaueHue H = c't/a2 ~3-107% ),
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3.3.2. Kputnueckan nnoTHOCTb M BO3pacT BeceneHHoR

|. BosHWKaeT ecTeCTBEHHBII BOMPOC, KAaKoM 13 HaIBaHHEIX TpeX Mojieseli
Qpuamana onuceBaeTcst Hart Mup? YToGbl OTBETHTE Ha 3TOT BONpPOC,
BepHEMCS K ypaBHeHMAM IJUHIMTeRHA TS OMHOPOAHBIX M3OTPOITHEIX
momeneit (3.1.13), (3.1.14) npu A = 0 u p = 0. YMuoxum (3.1.14)

na ' u croxmm ¢ (3.1.13). B pesyibrare moayyum

c2
B-= (3‘3-’-— - Hz). (3.3.12)
Or1ci0a HAXOAMM, 4TO [POCTPAHCTBO 3aMKHYTO (B > 0), ecnn
3H?
e =Py ~2-107% 3.3.1
P> oy Per ’ . ( 3)
W NpoCTPaHcTBO OTKpHITO (B > 0), ecm
3H? )
— ~2.107% 3.3.14
P< 3 (3.3.14)

(B rpamMMax Ha KyGHUYECKHI CAaHTHMETP).

B wacToaimuit MOMEHT IIOTHOCTE HabmogaeMoit vacTi BeeTeHHOI
OLICHMBACTCS 3HAYECHHEM £ r~ 5- 10"3'1"/CM3. JKCTpanoaIupys 3TH JaHHEIS
Ha BCIO BeeleHHYI0, MPUXOIMM K BRIBOAY O COOTBETCTBHM JaHHEIM Ha-
Omonennit oTKpuITOi Monenn OpuaMaKa, TIe MIPOCTPAHCTBO OMUCHIBA-
ercq reoMerpueii Jlobauesckoro. OnHako, cKOpee BCEro, IMpH OLEHKe o
YYUTEIBAETCA He BcA MaTepid. HeomHOKPaTHO BHICKA3IBIBATHCE THIOTEIH
0 CYIIECTBOBAHWM HOBLIX BUIOB MATEPHM {MEPHBIX ABIP, HEUTPHHO C He-
PaBHOI HYMIO MAacCoit MOKOA, «TeMHON MAaTepuM», «TeMHOH SHepruu»
H Ap.). Tlo Mepe OTKPBITHS HOBBIX OGBEKTOR OLIEHKa CPEIHEH IIOTHOCTH
OyreT MpUOMDKATECH K KpuTHdeckoH. OKoHYaTeAbHBIH BEIBOA IENaTh
paHo, HO pAL acTpodM3MUECKMX OAaHHBIX CBHOETENLCTBYET B TIOAB3Y
cpedHel IUIOTHOCTH, paBHOH KpUTHYECKOH, T. €. K TOMY, YTO HAIl MHDP
B LenoM (B CONMYTCTBYIOLIEH CHUCTEME OTCYETA) B CPEOHEM IUIOCKHIL.

1l. 3Haa xapakTep 2BOMOLMA MUPa, MOXHO C/IETaTh HEKOTOPHIE BHIBO-
Ikt 0 Bospacte BeenenwHoit. Ecnu 681 oHa BCerma paciuMpsiiach B Ha-
BII0IaEMOM TEMTIE, TO ATA PACIIHPEHHS O COBPEMEHHOTO COCTOSHHMSA
B COMYTCTBYIOINEH CHCTeMe oTcueTa MoHanoOmwiock 66t 1) ~ 1/H ~ 10"
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net. Ha caMOM Jene, Kak BAHO 13 rpahMKoB Ha pHC. 3.2, B paHHHE 2Tanbl
pacllKPeHne JOKHO BELT0 ObITE DoJee BLICTPEIM, NOJITOMY Ciienyer OpaTh
snavenue Ty ~ (2/3)T. D10 neGonbILoil BO3PACT, CPaBHUMBIH C OLIEH-
KaMMK BO3PACTA 3€MHOM KOpbl, JaBAEMOT0 reojioraMu. Beixon M3 3Toro
TIPOTHBOPEYMA HIUETCA HKa OCHOBE 50/€e CAONKHBIX KOCMOJNOTHYECKMX
MOZEIei M YYETa HeKHUX AOMONHUTENbHBIX O0CTOATENbCTB.

IIl. B samauy paHmoif KHATH HE BXOAMT 0GCYXKINEHMe MOCHEHHWX ACT-
pOH3UYECKHX JaHHBIX 0 dakTopax SBONIOUHH BcenenHoit. 3ametum
JHib, YTO OHM CBHACTENLCTBYIOT O psiie TPYAHOCTEW KIACCHUECKOM
TeoMeTpOGH3INYECKOlf - KapTUHEI yCTpo#icTBa MHpa B uenom. Lis mx
NPeonoJIeHNA OKa3aMuCh 3aeICTBOBAREL NNPAKTUYECKH BCE BO3MOXHBIE
NapaMeTpsl UCTIONL3yeMO# TEOPHM, B TOM YHCIE M 3HAYEHHE KOCMO-
JOTHYecKOH MOCTOAHHO#. KOHIIH © XKOHNAMH YIAeTCHA KAaK-TO CBSIATS,
JIMIllb APHBIEKas THOOTE3bl 0 HAIHYHH B KOCMOCE MATEPHH € HEW3-
BECTHEIMM 3aTalOMHBIMH CBOMCTBAMM, Ha3bIBAEMOY <«TEMHOM MaTepH-
eil» W «TeMHOi1 Hepruei». Takue runoTe3nl aKTIUeCKy (iepeKianbl-
BAIOT TPYOHOCTH M2 reoMeTpMH B Gu3HKy MyKpomupa, He uckiueHo,
470 [1OAOOHEIE 0GCTOATENBCTRA CBUICTENLCTBYIOT © Npenenax mpruMeHH-
MOCTH MOCTYAATOB 0OLICH TEOPHM OTHOCKTENLHOCTH MAM MOCTYIATOB,
MPHHATHIX [Py MOCTPOEHUH KOCMONQTHYECKHX MOJENCH.

Boaee Toro, cornacHo yHMBEPCAJIBHOMY MpPABUAY TPAKTOBKHM BO3-
HUKAOUWHX B (U3MKe OECKOHEYHOCTEH, IOABJEHHE CUHIYIAPHOCTER
B KOCMOJIOTHYECKHX DELUEHMAX B OKPECTHOCTAX «HAYana» MM ¢KOHLA»
ClleAyeT BOCMPHHHMATL KAk CBHACTENLCTBA TOIO, YTO B 3TMX 0baacTax
3MHUITEHOBCKaA 0B1IAasA TeOpHA OTHOCHTEABHOCTH TEPAET CHAY.

PexomMernyeman mTeparypa:

1. Yepernawyx A. M., Yeprun A. . BceneHHas, XW3Hb, 4ePHHIE Aripbl, OpasnHo;
Bek-2, 2003.

2. Yepnun A. J. TeMHas SHEPTHA K BCEMUPHOE aHTHTATOTEHHE // Yenexw dwu-
3udeckux Hayk. 2008. T. 178. Ne 3. C. 267-300.
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CUCTEMbI OTCHETa U UX NPUMEHEHHe

lnasa 4

Cucremss oTcyera 8 obLyeit
TEOp1M OTHOCHUTENTIbHOCTH

AHanmM3 OCHOB 001IeH TEOPMH OTHOCUTENBHOCTH MOKA3aJ, YTO K H3-
JIOXEHHOMY B MepBoit 4acTH KHHTH MaTepuany cieayer A0GaBHTE el
oK 610K nagi, BLIABNAOIIMI POTL CHCTEM OTCYETA B TEOPHH TPaBUTA-
1. Tonbko mocae atoro obuas TEOpHA OTHOCHTENEHOCTH CTAHOBATCS
B MOJTHOM Mepe OTBeUY2IOUIEH CBOEMY Ha3BaHWIO — TO3BOJISET KOPPEKTHO
OMHCHIBATE ABJMEHUA OTHOCHTENBHO MTPOU3BONLHLIX CHCTEM OTCYETA.

IIpu manoxkeHUu OCHOB oO0lLeH TEOPHM OTHOCHMTENBHOCTH TIOA-
YEPKHBANOCH, YTO HA3HAUEHME KOOPAMHAT OIPAHMMEHO HyMepallHew
TOYeK-COOHITHIl, 4 BEIOOP KOOPIMHATHOH CUCTEMEI 0OYCTOBAEH CO0O-
PaXeHUAMH YROOCTBA U, €CJIH 3TO CIICIIHANBHO HE OroBOPEHO, HE HMEET
dusndeckoro cMuicaa. OIHAKO BCe BBEJICHHEIE B TEOPHIO 0OBEKTHL: BEK-
TOPB ¥ TEH3OPH NPOUIBOIBLHOTO PAHTa, Yepe3 KOTOPhIE OMHCHIBAIDTCS
dAsrIecKie BeTMYMHBI, WMEIOT KOMITOHMEHTRI, 3aBHUCAINHE OT BHGOpa
CHCTEMBI KOOPAMHAT (Crocoba HyMepalHH TOYEK), YTO MOPOXAALT PAX
poripocoB. Kakum o0pa3oM MOXHO COTIOCTABHTE KOMIIOHEHTEI TEH30POB
€ BEMMYMHAMH, KOTOPHE M3MepsatoTea Habiionatenem (IKCIepUMeHTa-
topom)? Kakue penmumunl noamaworcs uaMepenuio? Kak 3asucsar pe-
3yNETATH M3MEPEHHH OT COCTOSHMA ABMXeHHMA Habmomarensa? OTeeTh
HA 3TH BONPOCH JAIOTCA HA OCHOBE MOHATHA CHCTEMB! OTCYETA.

Cucmenms: omewema He c800amMca K KOOPOUHAMMHBM CucmeMam, a npeod-
cmaeasion coboil GONOAHUMEALHYIO CHIPYKIYPY, 6600UMYI0 8 MAMeMamu-
weckuli annapam obuieli meopul omuocumeaviocmu. MeXIy IOHATHAMH
CHCTEM OTCYETA W TOH MM WHOH COBOKYHHOCTBIO CHCTEM KOODOWHAT
MOXHO YCTAHOBHTE COOTBETCTBHE CECHHANBHEIM COTTIAIIEHHEM, OHAKO
OHO MMEET YCTOBHBI XapakTep. '
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§4.1. ObweKoBapnaHTHbIA MOHaAHLIA METOR

MoHaaHs METOI ONIMCAHKA CUCTEM OTcHeTa B o0UIekH TeOpHH OT-
HOCHTEIbHOCTH Gl paspaboTansl B 50-x —~ 70-x ronax XX Beka B Tpyaax
TNaBHLIM 06pa30M CTEYECTBEHHBIX aBTOpoB: A. JI. 3ensmanosa, H. B. Muui-
XeBMua J NPYTUX, B TOM YHCHE ¥ aBTOpa AaHHOW kHHTRH (cm. [1, 5]).

4.1.1. MoHaTHa CUCTEMbl OTCYHETA

Mertadusnyeckuii aHaIn3 NoKa3biBaeT, 4To a100aq husnyeckand TEOPHS
HMEET 1eno ¢ WEMEHTAMHM (MaTepMBJIbHHMH obpasoBaHMAMM WIM CO-
OBITHSMH) TPEX TECHO CBA3AHHBIX MEXIY COOOH BUAOB:

— paccMaTpHBAEMEIX OGBEKTOB {COBBITHIL),

— OKDYXaWWere 5t¥ 06beKTbl MHPA

— Tena (CHCTeMbl) oTcyerTa.
B nipenbiayiieii yacTH KHHIY GbUIH pacCMOTPEHKI fiEPBbili M BTOPOi {Ha npu-
Mepe TOYHBIX pereHmii) BHAB 3neMeHTOB. [lanHas yacTh mocssiueHa
M3JIOXEHMIO TPETLEH COCTABNAIOLICH BCAKON TEOPUH HA OCHOBE MOHAA-
HOTO MeTOaa, 00001a01Lero Ha ¢l1y4aii HCKpMBAEHHOTO NPOCTPaHCTBA-
BpEeMEHH TPAAULNOHHO TOHMMAEMEIE CHCTEMb]l OTCYETA B KJIACCHYECKOH
TEOPHH {HBIOTOHOBOM MAM B CMELHANBHON TEOPHH OTHOCHTENBHOCTH).

Yke U3 coeuMaibioi TEOPKHM OTHOCUTEABHOCTH XOPOMIQ H3BECTHO,
HTO IPOMEXYTKH BPEMEHM, PACCTOAHUA MEXLY TOUKAMH-COBLITHAMMK
KOMITOHEHTHl TEH30PHbIX BEJIYMYMH B CPaBHHBAacMbIX CHCTEMAX OTCUETa
CYLIECTBEHHO 3ABMCAT OT OTHOCHUTENBHOR CKOPOCTH 3THX cucTeM. HasHa-
YEHHEM METOIOB 3allaHUA CHCTEMb] OTCYETA AB/IIETCA ONTUCAHHE 3aBUCH -
MOCTM pe3yabTaTop HaOmoAeHus OT COCTOAHKA JBMxXeHus Habnogarens.,
Tlpexse BCEro, YTOYHHM, KakoW VaMepuTensHOi armapatypoi Bon-

KeH pacrojarats HaQmogatens. AHATNW3 MOKa3blBaeT, YTo, KaK MHUHH-
MYM, OH JOJDKEH OoOMasaTh YacaMH M MMETh BOIMOXHOCTE U3MEPATH
BPEMEHHBIC COCTABNAKIIHE TEHIOPHBIX BEAHYWH, OTAENSA HUX OT HHEIX,
NPOCTPAHCTBEHHO-NMOAOGHEIX KOMIIOHEHT. [TomuepkHeM, YyTo Habnona-
Tenbt o6nagacT ITMMH BO3MOXHOCTAMM HMEHHO B MECTE CBOETO pac-
TIONOKEHUS, T. €. HAa CBOEH BpeMeHH-IT0A00HOH MupoBol auHuH. HTo
KacaeTcst APYTHX TOYEK MHOroobpa3ns, To 31e¢Ch HCNOAB3YETCA TPAIH-
UMOHHBLIA TIPHEM — MONAaracTes, 4YTO UMeeTCsi KOHTUHYYM Hadmionare-
fefl, Kaxawléit W3 KOTOpBIX NMPUHMMAaeT # 06pabaTteibacT MHbOPMaLIHIO
Ha CBOHX MHUPOBBIX THHHUAX,
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[MockonbKy KaxnoMy 1abnioaaTenI0 COOTBETCTRYET CBOSI BpPEMEHH -
nonoGHas MHPOBASI THITHA 1L X IEpeceyeliHe 03Hayano Obl, 4TO B OAHOH
TOUKe OKAKETCs ABa it 6oabiue Habawopareneli, T0 orpaHHYMBAIOTCS
JUIUE TAKNMIT CyuasiMi, KOTAa MHPOBHIE JHHMH, COOTBETCTBYIOILME
PAsHBIM HaO0MIONATENsIM, 11 nepecekaotTes. B MareMaTuke COBOKYMHOCTD
JHHUIT, KoTaa uepes KaxAayld TOUKY MPOXOIMT OAHA M TOABKO OAHA
JWHWs, NPITHATO Ha3blBATh Konzpyaxunei aunuii. B nannomM cmyyae Gynem
HCTO/TB30BATE KOHTPYIH UMD BpeMEHK-TIONO0OHBIX MADOBBIX JIMHHI,

3aZaHHE KORIpY>HDMI MMPOHBIX JHHMH Bnevyer 3a coboii BO3-
MOXHOCTE ONpENENeHHs B Kax/oii Touke BexTopa 7F, KacaTeabHOro
K COOTBCTCTBYIOWRIT MUK, Tak kak Teopust omHpacTes Ha oTipenesie-
HHME JHNIb OJHOTO BEKTOPA B KAXJOH TOUKE, NAHHBIT METOO TTOTYYUN
1ta3panme Mowadwozo . Baons BEKTOpa MOHANb! OTIpEAe/IsieTCH BpeMs
CUCTEMBl OTCHETA, 4 OPTOIONANLHO MOHAAE -— 3-MepHOE MPOCTpaH-
crBenHee ceyedite. Takin 00pa30M MOXHO CKA3ATh, YTO €C/TH B OCHOBY
MaTeMATHYCCKOTC anmnapaTa oOUICTl TCOPHH OTHOCHTEMBHOCTH NONOXKEH
NMPUHUKIT 4-MepHOIT CHMMETDHH NMPOCTPAHCTBEHHBIX H BPpEMEHHOH KO-
OPAMHAT, TO MCTOABI 33AAHHA CHCTCM OTCUETa ONMparTed Ha oOpaTHYio
npouenypy — #a (1 4+ 3)-pacuennenue 4-MepHOro POCTPAHCTBEHHO-
BPEMEHHOTO MHOT00OPA3HS Ha BPEMA H OPTOTOHANNBHOE eMY TTPOCTPaH-
CTBEHHOE ceyenle (ToKanbHO WIH TIobaTbHO).

ChenaeM HeCKOJIBKO 3aMEUaHHil.

o Monanuplit MeTOA HALENEH 1A pasdeseiiie 6peMeHHbX U Apo-
CIPAHCINGENHBIX KOMAONEHN TEH3OPHBIX BERWYMH, ONHAKO C €ro Io-
MOUILIO HeJTb3sl BReCTH HabriodaeMelie BENMYMHBI MO OTAENBHBIM TPO-
CTPEHCTBEHHO-NTOAO0HLIN HaTIpaBneHaM, Jnsa pemieHnsT TaKUX 3anad
HeoBXoANMO HAZENSTh HabmoRarens OONbIIHMIT BOIMOXKHOCTAMH, 4TO
OMUCHIBAETCA TIOCPEACTBOM .00NEE MOAHLIX — AWANHBIX H TETPAIHBIX
METOHOB.

" Mot MeTo BO3HHK B 1930-x roflax B pamkax 5-MepHOIl TCOPHE TPaBHTALMK

11 ANEKTPOMIATHETIIZMA KaK METOR BulAeneHist HI 5-MepHOTO MHOTOO0pa3ud 4-Mep-
HOTO NPOCTPAHCTEa-speMelili, B pankax 4-Mepust IUTA paciteeHuA MHOTOOOpasHs
12 BpEMA N 3-Mepiioe NPOCTPAHCTBO 3TOT MeTol (B 06beMe a1reGpL) BiCpBHIe GRUT
npiisveniel K. 9kkapToa 1940 rony. 3ateM ajieMeHThl MOHAOHOTO MeTORA DAIBH-
sanicy it Henoassosannce B pabotax b. Jlida, A. ¥apmana, @, [Tupann, [C JeHena
It Apyrux anTopop. B nofHOM BHIe MOHAQHEIL METOL B CTIEUMAILHON (XpoHO-
MCTPHYCCKOI) KAMIGpoRke Bneppbie 6601 NocTpoeH A. JI, 3eAbMAHOBBIM K 33TCM
wesasnepMo s Tpyaax . Wmyruepa u K. Karranco.
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o [lepexon o1 AUCKpPeTHOro (KOHEYHOr0) MHOXKECTBA PEaNbHO OCY-
HIeCTBUMBIX NpAGOPOB HalmoJaTens K KOHTUHYYMY HICaJIH3HPOBaH-
HBIX OpubopoB-HabmogaTenci nmpeacrasnseT coboil npoleaypy Tako-
r0 Xe poia, K4K fepexod OT AMCKPETHOTO MHOXECTBA MATePHARLHbIX
YacTUL WIM COOBITHH K KOHTHHYYMY TOYEK IIDOCTPAHCTBa-BPEMEHM,
KOTHA TONMLKQ B YaCTH W3 HUX PealH3yIoTes COOBITHS.

¢ Ocof0 NOMUCPKHEM, YTO npuliopei-Habiodameau npednoaazeiomca
npobrbiMY, T. €. HE RIMAIOIIHMH HA TEOMETPHIO TIPOCTPAHCTBA-BPEMEHT,

s MareMaTHuecKyit anmapaT MOHaAHOTO MeTOJa 3aNaHWA CUCTEM
OTCYETA UENeCOOOPAINO MPEACTABHTL B BHAE CAEAYIOUINX mipex wacmels,

1 — ayTebpm MOHAAHOTO METOHA,

.

2 — ompeneAeHUS MOHAZHBIX HHINKO-TCOMETPHYECKNX TeH30POB, TIOX
KOTOPHIMH 6YJIEM TTOHMMATh TEH3IOPHBIE BENWYHHEL, TIOCTPOESHHBIE
M3 COCTABSIONIMX METPHYECKOTO TEH30pa H WX MEPBBIX MpPOM3-
BOIOHBIX (B HCKOTOPOM CMBICIE OHH BBITIONHSIOT POTb CHMBONOB
Kpucroddens, onHako ABIMIOTCH HACTOSIUIMMH TEHIOPAMMU);

3 — onpeneneHHs MOHAIHBIN onepatopos AuddepeHunpopatns (Mo-
HagHBiA aHanu3).

MoHaaHB#i MeToA ONUMpaeTcd HAa NPEACTABAEHHE BCEX OCHOBHBIX
(0obLIEXOBAPHAHTHEIX) - COOTHOILEHHI, YPABHEHUIA M TOXAECTB OOLIeH
TEOPMY OTHOCHTENRHOCTH HCKIIIOMMTE/NLHO Yepe3 MOHAMHbIE Beidyu-
HBl ¥ onepaTopei. Huxe OyayT paccMoTpeHsl Kak oOLIEKOBapHAHTHAA
GbopMyNHPOBKA, TAK M B CIIEUHANBHBIX CIyYas (aBe KaTMbPOBKH) MO-
HAaAHOTO METOHa, KOTOphie HA3LIBAIOTCA METOAaMM XPOHOMETPHYECKHX
H KMHEMETPHYECKHX MHBAPUAHTOB.

4.1.2. Anrefpa oOuiexoBapNAHTHOIO MOHAAHOTO METOAA

HauyneM ¢ paccMoTpeHHS O0ILEeKOBApHAHTHOIO MOHAMHOTO METOAA.

. B oaHom ¥ TOM X€ MHOr00Gpa3zHn MOXHO ONPENENHTh GECKOHEYHO
MHOIO BPEMEHM-TIONOOHBIX KOHTPY3HUMA, KAXEOH M3 KOTOPBIX COOT-
BETCTBYET CBOM CHCTEMA OTCUETA.

Ilycte BRIOpaHa HeKas BpeMeHM-TIoOOoOHAs KOHIPYSHUMA, TOTIa
B KaXI0H TOYKE NPOCTPAHCTBA-BPEMEHY MOXHO OTIPEACHUTE edu AL HbIE
sexmop T" BIONB XacaTeABHON K COOTBETCTBYIONIEH MHPOBOR THHWH
{cM. puc. 4.1). Bextop 7% viMeeT BIoMHE OMPEAENEHHBIH (DUIHYECKHH
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CMBICI, — €10 CIEIyeT NOHHMATD KaK 4-CKOpPOCTD > T -
u" cootsercreylomero Habmonatesst (puGopa):
dx#
r=ut = — 1}, {4.1.1)
ds /.
e dz* u ds B3wTH BAOML BRHIGPAHHOM MUDO-
BOY AHHHM CHCTEMBI OTCUETA, UTO OTOGPAKEHO
3HauKOM «C» cHU3y. [1o ompeneneHHlo, BEKTOp
" ofnamaet ceoiicTeoM 4-cKopocTH (HOpMU-
POBKH) . Puc. 4.1. Jlokanstoe
(1 + 3)-pacwennexue
B _ vo_
T = ggw’r'u"' =1 (4.1.2) NPOCTPaHCTBa-BpeMEaHi

Il. TIponeMoHCTpUpYeM, KaK B paMKax MOHANHOTO METONA MaTeMaTH-
YeCKM OCYLUECTRITAETCSH TIEPEXOR OT NMPOU3BOJIBHBIX TEH30PHEIX BEMMINH
K HabmMIonaeMuIM gpemerii-no0olHsiM seautunam B U30pAHHOM CHCTEMe
aTcueTa. QnpexeliM BPeMEHHYIO COCTABMSIOMYIO NIPOU3BOILHOIO TEH-
30pa B;:.’ . KaK NPOeKIHI0 3TOro TeH3opa [0 BCeM MHIEKCaM HAa BEK-
TopHoe nojte 7!

B=B, n,..t™. ... (4.1.3)

I\, [na onpenenenus npocmparicmeento-nodobiox (M CMEUIAHHBIX) KOM-
MOHEHT TPSACTABHM METPHUECKHM TEH30p B BUIE

gpy = T“Ty - h”y, (4.1.4)
e hy,, — OYEBHIHO, TCH3OPHAs BeNMUMHA. Torma CNpaBeUIHBO TAKKE

cootHowmenue g* = 11" — h*, me B = hog9™¢”". Otciona u us
(4.1.2) cnenyet opToroHamLHOCTH T, M A*Y

R " L
Y =t - ¢¥) = 0. {4.1.5}
Jlerko BUOETH, YTO CMPABEUIMBBI TAKXE COOTHOILECHHSA:
hy, = t'hy = T,h =0,
v
e hy = Ruag”

HazoBeM npocmpancmeeno-cnpoeyuposanibiM men3oposm CIenyin-
MIYI0 BEJTHUHHY, COMOCTABIEHHYIO ¢ TIPOM3IBONBHEIM TEH30POM Bzfﬁi:

BE =H, 4B, (4.1.6)
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IIe BBEACH ONEpPaTop MNPOCTPAHCTREHHOTO MPOELIMPOBAIHI

HY G = (=1)""hy R 4.1.7)

-
TepMUH NPOCTPAHCTBEHHO-CTIPOSHMPOBAHHBIA OMpefedeH OTHOCHTENb-
HO CHCTEMbl OTCY4ETa M 060CHOBAH TeM, YTO CBEPTKA NO JIOGOMY MHAEKCY
TeH30pa ﬁgﬁf © € BEKTOPOM 7, (BPEMELilILIM HANPARIEIIMEM CHCTEMBI OT-
C4eTa), [0 OMPEAEJIEHUIO, PABHA YN0

Bj 1y =By laP =0,
M1 nponiponsHOTO TEH30pa B,'jﬁﬁﬁf painra m + n MOXHO 0Gpa3oBaTh
MIPOCTPAHCTBEHHO~CIIPOCUHPOBAHHRIE TEHIOPHI MEHBLLICTO PAHTA («CMe-
IIAHHEIE KOMITIOHEHTRI®), HAIIPHMEp: .
By = (—1)"+’""IB”’\“'T h$ ... hEh? {4.1.8)
ﬁ»-y...— j.iD'"'V ) L ,BT.“' i s

v

B Monadrom Memade onepupyiont UCKAOHUMEABIIO CO CKAAAPAMU U NPOCINPGH-
cméenno-cnpoeduposanHbmy menzopamy ina (4.1.3), (4.1.6) u (4.1.8).

IV. O6pasyem U3 npou3BoabHOTO cMewenssi dz” BpeMenliyio M npo-
CTPAHCTBEHHBIC CocTaBslomue: dr = 7, dz”; dZ” = —h), dz*, Torma
KBaJpaT MHTEPBANA MOXHO TPEACTABHTL B BHIE

ds* = (1,7, — hy ) dz* de” =dr’ — by, dE* d3* =dr* —dl’.  (4.1.9)

Teusop hy, cCredyeT TIOHMMATH KK METPUUECKUIt TEH30D JOKATHHOTO
IPOCTPAHCTBEHHO-NOAOOHOTO 3-MEpHOro ceueHus, OPTOrOHaNbHOrO T/
(puc. 4.1).

HecMorps Ha To, 4To 4-MepHbIit TeH3op Ry, B 00UIEM Cllyuae HMEET
10 KoMrioOHeHT, BenedcTBHE yenoBus (4.1.5) He3aBUCHMLIMH ABIAIOTCS
TOIBKO wiecTb. Kpome Toro, nockonbky g’ g, = 4, nmeem

WY hyy = (7777 = 9N mum — gu) = 3, (4.1.10)
KAaK M TONIOXEHO METPHHECKOMY 1€H30pY B 3-McpPHOM MPOCTPAHCTBE.

V. 3amerum, 4TO NOAHUMATbL M ONYCKATL LIAEKCH Y TPOCTPALICTBEH-
HO-CTTPOELIMPOBAHHEIX TEH30POB MOXKHO Kak 4-MCPHBIM MCTPHYECKMM
TEH30POM Gy, TAK M 3-MEPHBIM TEH3OPOM M, C OOGparHbiM 3HAKOM.

HMMeHHO 5THM GOBACHAETCA Hanuumne xoxpdiunerra {(~1)"t™ b one-
paTope MPOCTPAHCTBEHHOTO TNipoelposanust (4.1.7).
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4.1.3. MouxagHbie PUINKO-reOMeTPUYECKHE TEH3DPbI

Tak xe, Kak u3 g, AMddepeHEHPOBAaHUEM N0 KOOPAUHATAM ObLIM MO-
JfydeHbl cuMBoAbl Kpuctodidens, u3 nepsbix Npou3BoAHAIX OT T* U hy
MOXHO TOJIYUMTh HECKOJbKO HOBBIX BeNWYMH, TpM M3 HUX ABILAIOTCS
TeH3opaMn. OHH XapakTepH3YIOT CHCTEMEI OTCYETa W Ha3BAHLL uauKo-
2COMEMPUMECKUME MERIOPAMU.

l. BeeneM MoHamHBIe HUIHKO-TeOMETPHIECKHE TEH30PH! DOPMATLHBIM
o6pa3oM. [l 3TOTO BO3BMEM KOBAPHAHTHYIO NPOH3BOIHYIO OT T, H IPEN-
CTABUM €€ B BHIE CYMMBl CUMMETPUYHON ¥ AHTHCHMMETPHYHDBIX YacTeit:

Tur ~Top | e T Tup
2 2 '

Tak KaK Hac MHTEPECYIOT JHUIL MPOCTPAHCTBEHHO-CIIPOEUHPOBAHHEIC
TEH30pPbl M CKAAPHI, CTIPOELMPYEM 1Ba MOYYEHHBIX TeH30pa Tocpe-
ctsom 7" 1 BY BceMu BOIMOXKHBIMM crTocOBaMu:

(4.1.11)

T“;y =

(Tay —To ™" =0, (10 +1)mH" =0; (4.1.12)

Qo = —(Tyy — Ty,p)"yhg = (T + Ty p) e = 77 (Ta,0 = Tu,a);
{(4.1.13)

R T
Wag = ’”’—2—”—‘“ - hhhg; (4.1.14)
by A )
Ty + To T*h .).+hAT + hgyT
dop = —AET1E . Bl = i S e)
Taxkum 06pa3om, NOAYHIHCH TPY TEH30PHbIE BEIMYMHLL G4, Weg = —Wga,
ds = dga.

3ameTnM uTO I depeHunposanie h,g Mo KOOpAMHATAM HE TIPH-
BOAYMT K HOBRIM BEJIHYMHAM, TaK KakK

haﬁ;y = (géfﬂ + gb\fa)(w,\g - d)‘g' + aATg—); ha'ﬁ’gh‘zh‘g = O. (4.1.16)

. Toschum guauneckuit cmbics BBEIEHHBIX TEHIOPAB, [10 ONPEACTICHHIO,
CUCTEMA OTCYETE NpeacTasigeT ¢oboi HEKYIe 0e3MacCcOBYIO CILTOLIHYIO
cpeay M3 NprbopoB, a T, ABageTcd 4-CKOPOCTHIO ITHX Mpubopos. Tora
AHTHCUMMETPHIHBIH TCHIOP Wag CIENYET CYUTATD MeH30POM Yenoeoil
CKOPOCMU 6PAUEHUA, 3 CAMMETDHYNBIN TEH30D fag — MeH30poM cKopo-
cmell Gegpopmaiieli CHCTEMBL OTCYETA.
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s onpegeneHusi GUIKMIECKOTO CMbICHA @, 3AMETHM, YTO Bblpa-
xenue 774, = a” onpenensercs M3MCHeHHEM KacaTeNbHOIO BEKTOpA
NIOCTOSIHHOM JUIMHE! TP CMENIEHHH €ro BAO/db MUPOBOM JHMHUM, YTO
MOXeT GBITh JIMUIE OPTOTOHANBHBIM K 3TOMY BekTopy. M3 Teopetuue-
CKOW MexaHHKM H3BECTHO, YTO TaKas BENHYMHA MpeAcTamiseT coboi
BEKTOp YCKOpeHMA. OYEBUAKO, YTO IVIA CITyyast, KOFIa MHPOBBIC THHHH
CHCTEMbI OTCYETA SRNAIOTCA reofenyueckumy, a, = 0. Taknm obpasom,
BEKTOp @, CIIENYET WHTEPNPETHPOBATh KAK BEKTOP YCKODEHHS CHCTe-
MBI OTCYETa OTHOCHTENBHO JOKATBHO TEOAE3NYECKOM CHCTEMBI OTCYETA
C OChIO BpeMeHu Baonb T,

HaHHas 3nech QUIHMYECKad MHTICPIPETALUA MOHAIHBIX TEH30POB
HOZIKPEIVIHETCA BHIOM YPABHENHIE FEOACIMMECKMN JIMHUH M MHBIX CO-
OTHOLUEHHI B MOHAXHOM BHIE, JAMMNCAHHBIX HIKE.

4.1.4. MonapHuie oneparopsi auddepeHympoBsaHnn

AHANOTMYHO TOMY, KaK B PUMAHOBOH reoMeTpus (B O6ieH Teopuu
OTHOCHTENIBHOCTH), HMEIOILIEH NENo C TEH3OPHBIMK BEAHYMHAMMU, One-
paTopsl YacTHOrO g gepeHIIHPOBaHIA OBUTH 3aMeHeHbl Ha ONICPATOPHI
KOBapHaHTHOTO IH¢bepeHIMPOBaHNA, TAK U B MOHAJTHOM METOAE, MME-
JOIeM NeA0 JHLIb CO CKANAPAMMY M IPOCTPAHCTBEHHO-CRPOCUNPOBAH-
HbIMH TEH30PaMH, OTIEPATOPH YaCTHOIO U KOBAapHAHTHOrO AndxpepeH-
LHPOBaHNA J0JDKHB! OBITh 3aMEHEH B! Ha ONEPAaTOPhI, KOTOPLIE, ACACTBYS
Ha MPOCTPAHCTBEHHO-CNIPOELIMPOBAHHEIE TEHIOPh! (U CKA/ISPbi), Npu-
BOOAT OHATE K MPOCTPAHCTBEHHO-CIIPOCHMPOBAHHBIM TEH30PaM, T. €.
HE BbIBONST 33 mpedeNbl KNacca TexX BEJMYMH, B TEPMHMHAX KOTOPBIX
3AIHMCHIBAETCS TCODMSL.

H3 oneparopa KoBapuanTHoro sdbdepeHunposaHua V, , oneparo-
pa MIPOCTPaHCTBEHHOTO TipoeuwpoBanus H 57| u Bextopa 77 MOXKHO
00pa3oBaTh ABA XapaKTePHLIX MM MOHATHOTO METOAa ONeparopa AHg-
(depeHIMpOBaHUs, HE BBIBOMALINE 3a MPEAENsl KIMAcca POCTPAHCTBEH-
HO-CNPOELUPOBAHHEIX TEH3I0POB:

VrBg . = HY 517 (Ve Bh);
WBE = —HY 3RS (VeBE).
IMepBLlft K3 HUX CNEAYET HA3BATL OMEPAMOPOM KOBAPUAHMHOZ0 EDEMEH~

1020 Oughhepenyuposanus, a BTOPOit — onepamopom K0EapUaRMHOZ0 RPo-~
CIPAHCMEEnK0e0 Jugdepenuuposarus.

(4.1.17)
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OnHakKo, B MOHATHOM METO[E BMECTO KOBApHAHTHOIO BPEMEHHOIO
ugdepeHMPOBaHHMA MCHOMb3YETCA APYIOH ONEpaTop, HA3HRIBASMBII
onepamopom moraoKozo spemennozo dudipepenyuposanus By, cBA3AHHbIA
C [EPBEIM COOTHOIISHUEM:

OrBy = VpBE + Wy —d)By . +... — (Wwh—-dpBL — ... .

(4.1.18)
QuesyatHao, 4YTO ITOT ofeparop o0ekoBapHaHTeH. Mcnoas30BaHKe HMEHHO
3TOTO OfiepaTopa obyCAORICHO PAIOM OBCTOATEALCTE, MPEXAE BCErO TEM,
YTO HPM 3AIIMCH TE€H30PHbIX BRIPAXCHHMR OOLICH TEOpUH OTHOCHUTENh-
HOCTM B MOHaJHOM BHI€ OH OKa3blRAaeTcs B TEX MeCTax, g B CO-
OTBETCTBYIOLUMX HLIOTOHOBHIX WM CHELPeNATHBUCICKHX BbIPAXKEHUAX
obsaHO TTHIETCA nuddepeHIMPOBAHHE TIO0 BPEMEHN 2,

OnepaTop MOHAIHOIO BpeMeHHOTQ N¥hdepeHUMPOBAHUA MOXHO
3anKcath B GopmMe;

v a'a g v go--- T Py k
OrBg. =T i N;Bg. —...+NgBy +..., (4119
rae y 61.}/

N, = Y
— CBOEOOpa3Has CBAHOCTD BpeMeHHoro nrddepeHuupoBanus. B 06-
HIEM CTyyae 3TOT ONEPATOP 3aBHCHT OT PaHTa M KOBaPMAHTHOCTH dWd-
(epeHUMpYEMbBIX BETUYHH.

Onepatop KOBAPHAHTHOI'O IIPOCTPAHCTBEHHOTO AKpdepeHUKPOBA-
HUsl TIPEACTABASCTCA BUIE:

—ta, (4.1.20)

o TOBR
V\Bg... = —h; Py +{(Ljs+ho)Ba. + ...
oo+ (DhohG + 15 )BE + ., (4.1.21)
e hvl
Lgcr = _Z_(hM,a + h)«u,ﬁ - hﬁo‘,)) (4-1'22)

— «CBA3HOCTDb» KOBAPHAHTHOIO TIPOCTPAHCTBEHHOTO (e peHLIMPOBAHUA.

2 JpyruM BAKHEIM 0GCTOATEABCTBOM, 3aCTaBRNAIONIMM BHASIHTEL STOT OMEpaTop, HB-
JIAETCA TO, YTO TAK OIPEACNCHHOE BBIPAXKCHWC OKA3WBAECTCH TNPOCTPAHCTBEHHO-
CNPOEUNPOBAHHEIM OnepaTopoM JIN — BaKHEIM ONEPaTOPOM B AM(POEPEHLNATL-
Hoit reomerpau (CM. § 5.1).
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BrinmiieM pe3yAsTaT ACHCTEUA BBENEHHBIX ONEPATOPOB HA 3 -MEpHblit
METPHYECKHIL TEH30D:

Orhuy = 24, Orht = —2d4*; ﬁ,\ hyr =0, (4.1.23)

T. €. IeHcTBME OMepaTopa KOBAPHAHTHOIO TIPOCTPAHCTBEHHOTO nudde-
PEHLHMPOBaHKA Ha 3-MePHHI METPMYECKHH TeH30p, KaK M CJIeN0BaI0
OXHIATh, J2CT HYIb.

KosapHaHTHEIC NPOM3BOLHLIE OT MPON3IBONBHEIX TEH30POB BCETHA
MOXHO 3a[TMCATh Yepe3 BBEJCHHbIE 31€Ch MOHANHBIEC ONMEPaTOphl M du-
3NKO-TEOMETPHYECKHE TCH30PEI.

KOHTpOJ‘IbeIe 3JajaHna

. IToka3zaTh COpaBESIMBOCTEL CIENYIOUIHX COOTHOUIEHHH MEXIY MO-
HAIHBIMK (GH3HKO-TEOMETPHYECKMMM TEH30PAMH:

Tyw =Wpy — by + 0,75 97, =0, 175 =a" (4.124)

Tur— T 7,0, ~ 1,0
§, v v H uly v
Wy = . 4.1.25
ol 2 2 ( )
2. Tloka3sare, yto cuMBOL Kpictogdens MOXHO 3anMcaTh Yepes Bbe-

JEHHBIC MOHATHBIC RCIHYWHEBI B BUIE!
» H

R .+ h
Iy =Ly + Taf "~ Ba

TH(aaTy + asT,
> "“+d,,ﬂ+a"rarﬁ—————————( Ty 1 89T) |

2
TaTh + 5T
2 s
Tie TpexMepHuie cuMBonsl Kpucroddens L:'ﬁ Janpcany B (4.1.22).
INockoasky cumBonkl Kpuctoddens He ABISIOTCA TEH30OpaMM, TO
B MX 3aIMCH (PHUCYTCTBYIOT «IHLIHMER, T. ¢, HETCHIOPHBIE C/IaracMble.
3. ITokasatk, 4TO KOBapHaHTHAsE HPOM3BOLHAS OT NPOU3BOJILHOTO BEK-
TOpa B, (He CIpoCLMPOBAHHOIG) B MOHAIHOM BMIE 3aNMCHIBACTCS
CCAYIOUIMM o0pa3oM:

VuB, = Vu(B7, + ﬁ,,) = 7,(7,6rB —'@,B) -
~ (Wyy + 8pp — 7,8,)B + (6‘, + T,,BT)E, -
~ (n W) - &) + W) - @) + T,ne’) By (4.1.27)

+ {Tawls + Tauly) — (4.1.26)

§4.2. MeT0a XPOHOMETPUYECKMX WHBAPWAHTOB

HPH NIPAKTHYECKOM NPHMEHCHHAH MOHAQIHOTO METOIA BO3HHKAET
P44 BOMPOCOB, rMABHBIM W3 KOTOPBIX ABIACTCA 33HAHHE KOHIPYIHUHH
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MMPOBBIX JTMHUI cucTeMmbl orcyeta, MUX MOXHO onipelenfTs Npd INC-
MOWM CIIellMaNbHbIX YPAaBHEHMH, OJHAaKO MOXKHO IIOCTYINAaTh Ipolle,
KCIIONB3YA YXKE [OTOBblE KOHTDYIHUUH BPeMeHH-I10A00HbIX THHHH z°
KOOPAMHATHOM CUMCTEMDI.

4.2.1. Anrefpa MeTona XpOHOMETPHYECKUX MHBAPHUAHTOB

1. Bcerna MOXHO criedyanbHbIM 06Pa3oM Tak nouobpath KOOPAMHAT-
HYIO CUCTEMY, YTOObL KOHTPYIHIIUA JTHHMIH 3:0, 3afaBaeMasi YCJIOBHAMU

&' = const’,

COBIAAANAa ¢ KOHIPYIHUHEH MHpPOBBIX JTHHHH HMCIONB3YEMOU CUCTEMBL
oTcyera {cM. puc. 4.2).

's T, 4T, 4T
of of fof [ of
z, [z, [z, {z,
i { 1 )
' \ ' 1
1 \ \ L)
\ \ kY \
\ A \ A%
y \ \ \
Y \ \ 3
\ 1 1
] 1 t
; ' ' !
a)

PHc.4.2. B obuem cay4ae vIMBIOTCH LIB8 KOHTDY3IHLUMK BpeMeHU-NDL06HbIX
MHWA T U z° (z' = const') {@). B xpOHOMETPMYECKUX CUCTEMAX KOOPAMHAT
KOHFPYaHUMMA T 1 &° coBnagaioT (6)

Ha3oBeM KOOpIMHATHLIE CUCTEMBI, TAKAM 00Pa3oM fpHBA3aHHBIE
K CHCTEME OTCUET], XPOHOMempuseckumu. B HHX BeKTOp T* UMeeT TONbKO
O/IHY OTJIMYHYIO OT Hy/IS KOMNOHEHTY — C HHAEKCOM «D», T. €.

T'u = {TD, 0, 0, 0}

YuuteiBas ycnoBue HOPMHPOBKH (4.1.2), HaXOJHM KOHTPaBaAPHAHTHLIE
KOMITOHCHTB! MOHAIBI («KauGpyeM» MOHaLY XPOHOMETPHIECKNM O6-
pa3oM):

Q™' =gt’r’ =1 o5 r¥= . (4.2.1)
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Il. M3 anreGpaudeckux cooTHOmENMI (4.1.4) ErKo BBIPA3UTh KOMIIO-
HENTBI T, U Ry, YEPE3 KOMMOHEHTH METPHYECKOTO TEHIOPA Gy :

== w=0 =2 n =g
v goo Goo
- o (4.2.2)
_ 1 — goog

htk — __g!k; hol — __901; hOO
oo
QOobparum ocoboe BHHMAHHME HA XOBAPUAHTHbLIE KOMIIGHEHTH TEH-
sopa hyy:
JoiGok
hi, = = 0ik;  hou =0, (4.2.3)
Goo
¥ KOTOPBIX OTJIHYHEL OT HY/IA AKIIb KOMIIOHEHTHI ¢ IPOCTPAHCTBEHHBIMH
MHAgKcaMH £,k = 1, 2, 3, KaK 3TO M CI€10BA0 OXHIATh OT 3-MEPHOI0
METpHYECKOTD TeH30pa,

lIl. YenoBue coBnaneHuss KOHIPYSHUMIA T K &' BHIEAAET HE OIHY,
a IeBlii KJTacC XPOHOMETPUYECKHMX CHCTEM KOODIMHAT, CBA3AHHBIX APYT
C APYroM CIHELUHAABHEIMY XPOHOMEMPUUECKUMU NPEOOPA3GEaHURMYE KOOD-
dunam. DTH nipeobpa3oBaHnuA HAXOAATCH W3 YCAOBUA 7' = 0 Bo BCeX
XPOHOMETPHYECKHX CHCTEMaX KOOPIMHAT:

W ZZ: o= ‘;ZZ =0 %— =0, (4.2.4)

7 MMEIOT B
=202 ), (4.2.5)
" = 22! 2% 2. (4.2.6)

IV. XpoHoMeTpiyeckie NpeobpasoBaHms AONOHAIOTCH 4O MPOH3BOIIb-
Hbix gonyctuMeix (1.1.1) caenyiomuMy npeobpasoBaHHsIMUL

a' = 2" (2% 2! 2 2, (4.2.7)

KOTOpBIE PUBOAAT K pacLICIIEHHIO €MHHOW KOHTPYSHIIHH Ha [BE: HCXON-
HYI0 KOHTPY3HIIHK T, COBMIANABUIYIO ¢ KOHIPYSHUHUEH 2:", OCTaloLIYIOCS
HEM3MEHHOI, H HOBYIO BpeMeHH - NOJ00HYI0 KOHIPY3HUHIO z'® Ecu Ho-
BYH KOOPIHHATHYIO KOHTPYSHHHUIO «® obbaBuTH coprnagaoieil ¢ XoH-
Ipy3HUMEel ApYToH CHCTEMBI OTCYETA 'r', TO TOTAA MOXHO CKa3arh, 4To
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npeoGpazoBaHUAMH KOOpauHaT (4.2.7) OnMCHIBAETCH NMEPEXOl OT OAHON
CHCTeMbI oTCYETa K OpYroil. QOAHAKO IPK 3TOM He CCOYeT 3a0blBATh, YTO
camu no cefe npecdpa3OeaHuUs KOOpouHam asmoMamURecKy Ne 03Ha%aiom
Hepexoda K HOB0H cicmeMe omciemad, — 0 NePexede MONCHO 2060pUMs Al
nocae omoxoecmesenus sMopoii KoopOUHAMHOl KOHEDYIRUUU C KOHZPYIH-
Lueli noeoii cucmembi omcwemd. Ho nocnenHero MOXHO H He AenaTh.

TakuM 06pa3oM, Hapany ¢ XpPOHOMETPHYECKAMH CHCTEMAMH KOOp-
JHHAT, TIPHBA3AHHLIMH K KaKQU-TO HCXOOHOH KOHTPYSHIMHM CHCTEMEI
OTCYETa, MOXHO TOBODHTE M O XPOHOMEMPUHecKOll cucmeme omciema
OMpeNERAEMOH KOHTPY3HIMEN JTHHMH BpeMenn (z' = const') 3anman-
HOM cHCTeMB] KOOpIHWHAT. Toraa MOXRO CKa3aTh, 4TO MpeoOpa’oBaHusd
(4.2.7) onyucHBaIOT Mepexonbl MEXAY XPOHOMETPAYECKUMH CHCTEMaMH
otcueta, a (4.2.5) n (4.2.6) oCTaBAAIOT B paMKax OXHONH W TOMH Xe Xpo-
HOMETPHYECKOI CHCTEMbI OTCHETA.

V. B XpOHOMETPHYECKUX CHCTEMAX KOOPAMHAT NPOCLMPOBAHUE MPOM3-
BOJILHOTO TeH3opa BA . paswra m + n Ha HanpapieHMe 7, BCJCICTBHE
Km6poBKH (4.2.1), COCTOMT B CEXYIOLIEM:

. By. ..
B=Blr,..1t"..= %0 0 (4.2.8)

- g(()g-f-m)/z ;

Bce KOHTPaBapHAHTHBIE «IIPOCTPAHCTBEHHBIE> KOMIIOHEHTHl B * npo-
M3BOJILHOTO TEH30Pa ARIAIOTCA NPOCTPAHCTBEHHO-CNPOSUMPOBAHHBIMM:

B.‘...k _ B,u---y(_l)ﬂh:‘ . hf: - B’."'k’ (4.2.9)

TaK Kak, coractio (4.2.2), ki = 0, ki = —gk. Bce kopapuanTHEe KOM-
TIOHEHTHI TIPOCTPAHCTBEHHO-CTIPOEIIMPOBAHHLIX TEHIOPOB HMEIOT TONBKO
3-MepHBIE KOMITOHEHTB! M 00pasyloTcs ONMYCKaHWEM HHIEKCOB Y KOM-
TiokeHT (4.2.9) mocpencTBOM 3-MEPHOFO METPHYECKOro TeH3opa hx:

Bi gy =(=1)"B" *hji ... hy. (4.2.10)

AHAIOTHYHO W3 MPOMIBOABHOTO TCH30pa Bf;::_‘; pPAHTA 7 MOXHO
06pa30BaTh KOMITOHEHTBI TPOCTPAHCTBEHHO-CIPOEHMPOBAHHBIX TEHIO-
POB MEHBIIETO PAHTA M, HATIPHMEP:

Sik _ ompred s g pk_ _ Bolb
B =(-1)"B. . b,k

A= (o) 72" (4.2.11)
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M3 paccMOTPEHHOTO CHENYET, YTO B XPOHOMETPHUECKHX CHUCTE-
MaX KOOPAMHAT NPOCTPaHCTBEHHO-CMPOCLMPOBAHHEIE TEH3ODHE COOT-
BETCTBYIOLUCIO PAHTA OTIPEACISIIOTCH BETHYNHAMH TONLKO € 3-MEPHBIMHK
KOMIOHeHTaMu (3, k... = 1, 2, 3) 370TO Xe paHra, COTAACHO (QOPMYTaM
(4.2.9)—(4.2.10), a BpeMeHH-CIIPOEIAPOBAHHbIE KOMITOHEHTbE — KOBa-
PHAHTHHIMM KOMIIOHEHTaMH C MHAEKCOM 0, cornacho (4.2.8).

VI. YxazaHHBEe Bbill€ CrpOELUPOBAHHBIE BETHYHHEL B XPOHOMETpPH-
YECKHX CHCTEMAX KOOpAMHAT 00/NanaioT 3aMeyaTebHEIMH CBOKCTBAMU:
OHH MHBAPMAHTHLI NPH [POU3BQJABHKIX NpeoGpa3’oBagHMsaX KOOPIMHA-
TH £° (4.2.5) H XOBapUAHTHBI OTHOCHTENLHO YHCTO MPOCTPAHCTBEHHBIX
npeo6pasosanuii KoopauHar (4.2.6). Iepsoe Ha3BIBAKOT CBOHCTBOM XpO-
HOMETPUYECKOH HHBADHAHTHOCTH, @ CaMH Beiuuhsl (4.2.8)—(4.2.11) —
XpoHoMempuuecku uHeapuanmubmu (X. u.) 3-menzopamu wiu, KHa4e, Xpo-
HOMEMPUYECKUMU UHBAPUGHMAMU .

DTO CBOMCTBO YKA3AHHBIX BEJIMYNH NPOXEMOHCTPHPYEM Ha NPHMe-
pe TpPOM3IBOJIBHOTO BexTopa BY. PacCMOTPHM M3MEHEHHS PalTUYHBIX
€ro KOMIIOHEHT MpH Npeobpazopausix (4.2.5) u (4.2.6):

ox# 9z ozt oz’ dxt
' . r — —_ e
By = P R P By = ok P fzk Bo+ Sz* Bs;
dx'* oz* . 8z oz dz't
% _ o i, 0 _ g ] i
= —B' = —— B = -— = —B ~-B".
Oxk oz B dz# B ox® + ozt

VuuthiBas, ¥To gog = gool@2”/82"°)?, ybexmaeMcs B MHBApHAHTHOCTH
Bo/+/goa. OueBHIHO, 4TO BF xoBapMaHTHO OTHOCHTETBHO 3-MEpHBIX
npeobpajosannii. KoMIoneHTR! M3 2-i 1 3-it cTPOK He 06nagaloT CBOW-
CTBOM XPOHOMETPHYECKOI MHBAPMAHTHOCTH.

B XpoHoMeTpHuecKoli HHBApDHAHTHOCTH Mx YOEIHTLCS HETPYAHO.
JIerko ToKa3aTh TAKXe, YTO MPOM3BEIEHNE XPOHOMETPHYESCKH HHBAPH-
AHTHBIX BETHYHH TAKKE XPOHOMETPMUECKM HHBAPHAHTHO,

4.2.2. Duankae-reomeTpuyecKMe TEH30PLl U ONepaTopbl
anddepeHunpoBaHMA B XPOHOMETPUYECKOA KannGpoake

l. 3amuizeM MOH3AHBIE (PNIMKO-TEOMETPHYECKME TEH3OPHI B XPOHO-
MCETPUYECKHX CHCTEMaX KOOPAMHAT (B XPOHOMETPUUYECKO KaubposKe).
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Ou4eBHIHD, YTO OHM XPOHOMETPHHECKW MHBAPHAHTHBI M MMEIOT BUA;

0 )
Ya; =T (Tip - T04);
oo = Tik T Tkd | TORT = T0iTy
ik 2 2 ’ (4.2.12)

*

TR0

7
3aech M B JaNbHEUIeM IICCTUKOHEYHOM 3BE3N04KOI CAeBa BEEpXY By-
JeM 0603HA4YaTh MOHAOHKIE BEMHYMHEL M ONEPATOPLI B XPOHOMETpHYE-
CKOH KanuOpoOBKeE.

*
dix =

M. B xpoHOMeTpMuecKOH KanuGpoBKe BCAeacTBME Toro, uto *Nf = 0,

CYUIECTBEHHO YIPOLIACTCH OTICPATOp MOHATHOTO BPEMEHHOTO avpde-

pexunposadus (4.1.19):

UBB};_',', _ 1 35}5
dz’ O 0x°

OH He 3aBUCHT OT PaHra W KOBAPHAHTHOCTH nuddepeHUMpyeMolt Be-
THYHHBI.

‘B =7 (4.2.13)

IN. [dna 3anucy MOHAZHOIO IPOCTPAHCTBEHHOIO KOBAPUAHTHOIO KU de-
PEHLMPOBaHMSE YYTEM, YTO B popMyne (4.1.21) Teneps h}w =0, a 3-mep-
HBIE CBA3HOCTH MOXHO MpPeNCTABHTh B BUIE

L]

hk! * * *
—RIRYLE, = AF = T(a.-h,ﬁ- Bshui — *Biis) (4.2.14)

rae Af,, — OONCAHMTENAbHAS K MOHAIHBIM (PU3HKO-TeOMeTPHYECKAS
BEAMYMHA, 3HAYKOM ' O; 3hech OGO3HAYEH HOBLIM XPOHOMETPHYECKH
MHB3DHAHTHLIA OREPATOp MIPOCTPAHCTBEHHOrC Aupdepe HIMPOBAHMS:

o IS L (4.2.15)

TAKXe He 3ABUCAIIMA OT paHTa M KOBADMAHTHOCTH UM depeHUMpyeMO
BeJTHYHNBLL. B pesynstare ans onepatopa “V, (4.1.21) Haxomum
‘U,BF . =*0,Bf +ALBl I+ —ALBY .=V, B,
(4.2.16)
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YTO COBIAZACT ¢ OOLUENPHHATBHIM OMNMpele]eHUEM KOBapMaHTHOM TMpo-
M3BOIHOH AUILE ¢ TOM pasHMLEii, YTO Bee YACTHHIE IPOM3BOIHEIE 3aMe-
HEHBI Ha OTIEPaTop NPOCTpaHCTBEHHOro JHdbdeperunpopanms (4.2,15).

KoHTponbHbie 3agaHna

1. HenocpencrBeHHBIM BEIYUCIEHHEM yOSAUTBCA B XPOHOMETPHYECKOH
MHBAPHWAHTHOCTH OTIEPATOPa TPOCTPaHCTBeHHOro Andkbepenumpo-
saHus (4.2.15).

2. 3anwucars MeTpuky LlBapuununhia (2.1.28) B HOBRIX KOOPIHHATaX,
CBS3AHHBIX ¢ KOOPAMHATAMY KPMBUIH T1peofpasoBaHAMU;

=2% r=r =0 ¢=p-0" (4.2.17)

Haiiti ¢hH3IMKO-reoMeTpHUCCKME TEHIOPE! B XPOHOMETPHYCCKH OIpe-

JeNeHHOX cUCTEME OTcueTa T MeTpukd lHBapLuiwibia B HOBRIX
KOOpIOMHATaX.

3. TlokaszaTh, YTC MEPEXOn OT QEHOM XPOHOMETPHYECKOI CHCTEMEI OT-

cueTa K ApYTOH XpOHOMETPUMECKOH, nBnylheﬂcn OTHOCHTENILHO

NepBOA CO CKOPOCTLIO vk, ONUCHIBACTCHA TIPeobpa3zoBaHMEM KOOP-

JAMHAT;
az" /90 Oz"
EF = —m-&-—z—;, nny, oﬁpa'n-[blM
v 4.2.18
3 k i} ( - )
Bi __ vow fz
Az 1=~ Joj Uj dzr’
oo

3amevanue. DTa 3a8a9a MonpobHO paccMoTpena B [1,.¢. 71-74].

§4.3. MeTOA KMHEMETPHHECKMX WHBAPNAHTOB

HMeercsa nHol cIOCO0 NpUBA3KH KOOPIMHATHBIX CHCTEM K KOHTDY-
JHUMH CHCTEMEl OTCYETA, TAKXKE CBA3AHHLIH C BRIAENEHNEM TPYITIEI KO-
OpAMHATHBIX ipeobpa3oBanuii, OMHAKO 3TOT cMocod, B OTAHYHE OT CIY-
yafd XPOHOMETPUMECKOH KATHMOpPOBKH, HE SBNACTCH YHHUBEDCANBHBIM,
a TIPHI'CNEH JIMIIL AJIA NMPHUBHIETHPOBAHHOIO KJIacca CUCTEM OTCYeTa,
B KaKOH-TO MEpe 3aMEeHAILIEro OHATHE HHePUHATBHEX CHCTEM OTCYE-
Ta B MexaHUKe HBIOTOHA MM B CMELHANBEHOM TEOPHH OTHOCUTENBHOCTY.
DTOT NPMBHWICTHPOBAHHEIN KITace CHCTEM OTCUYeTa OVIAeM Ha3kIBaTh HOp-
MATLHBIMU CUCEMAMU OMIMCYEIRA.
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4.3.1. Anrefpa MeTOAa KNHEMETPHYECKUX NHBAPUAHTOB

l. Jlna HopManbHBIX CHCTEM OTCYETA XapaKTEPHO HE JOKATBHOE, KaK B
METONE XPOHOMETPHYECKMX HHBApPHAHTOB, a MMOOATBHOE pacllienyicHHe
4-MEPHOIO NPOCTPAHCTBEHHO-BPEMEHHOTO MHOrooOpasHs Ha Hanpan-
JIEHHMs BpeMeHH U Ha COBOKYNHOCTH OPTOrOHAIbHBIX BPEMEHH 3-MepHBIX
TIPOCTPAaHCTBEHHBIX THIEPIIOBEPXHOCTENH, KOTOPHIE B OOLIEM Cy4ae 3a-
[AlOTCS ONHHM YpaBHEHMEM

fn(e) =0, (4.3.1)

The A — Hexkuil napaMerp, HYMEPYIOIIWA FUIIEPTIOBEPXHOCTH JAHHOM
COBOKYITHOCTH. M3 ypashenws (4.3.1) nerko naiity Hopmanu K. rmpo-
CTPaHCTBEHHBIM THMITEPIIOBEPXHOCTAM, KOTODBIE MPOMOPIHOHATLHBL Bpe-
MEHH-NOA0GHOM! MOHAE JAHHOI CHCTEMBI OTcyeTa (pHc. 4.3):

8 (")

b(x)rﬂ = 3.@" »

(4.3.2)

roe 5(z) — ckarapHas GYHKUNA KOODAMHAT.

BocnonbayeMca TeM, YTO MPHM TAK HAM MHAJe 330aHHOM KOOpAM-
HaTHOH cuCTEME BCErIa MOXHO QMPEACANTh COBOKYNHOCTh NPOCTPAH-
CTBEHHO-MONOOHAIX THIEPIIOBEPXHOCTEH, AN KOTOPOH HYMEPYIOUIHM
napamerpoM A SBAACTCA KOOpZMHATA :n", TOraa MMeeM

' fnE) =0 = z°=const. (4.3.3)
T

foy(a) =0

fon(a*) =0

f(h)(””) =0

L

Puc. 4.3. MobanbHoe {1+ 3)-pacwennente npocTPaHCTBa-BpeMent
B HOPMANIBHEIX CHCTEMAX OTCHETA HA NMMHUK BPEMEHN W COBOKYNHOCTD
3-MEPHBIX NPOCTPAHCTBEHHO-NOAOBHLIX IMNEPNOBEPXHOCTEN
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IMoacraBass 310 ypaBuenune rumeprnoBepxHocTeil B (4.3.2), naxoaum,
4yTO B TaKOM cayuae 7; = (. KoopauHaTHbE CHCTeMbi, IPHBA3IaHHbIE
K HOPMAaNbHOM KOHIPY3HUMM MHPOBHIX JMHUH CHCTEMB OTCYETA NO-
CPEICTBOM YPaBHEHHH NPOCTPAHCTBCHHEIX THIIEPIIOBEPXHOCTEH ¢ HOp-
MATAMK BROMG T, HA3OBEM KUHEMEMPUHECKUMU.

. YuwTeiBag ycioBMs HOPMHPOBKK
i
Tty =1,

HaXO/IMM KOBapHAHTHBIE KOMIIOHEHTH T, («KaqmbpyeMs MOHALY KMHe-

METPHUECKHM 06pa3oM):

9

/P
N3 anrebparmgeckix cooTHOIIEHMit (4.1.4) 0fHO3IHAYHO BHIPAXAKOTCH

BCE KOMIIOHEHTH! 7' ¥ TeH30pa Ay, “epe3 KOMNOHEHTHl METPHIECKOro
TEH30pa §,up:

Ty = (4.34)

gﬂy i 04
=S by =0; h3=37.3; hi = —gf;
g y (4.3.5)
1 — goog
Rir = —gix;  hoi = 90 hoo = _;%0'""

OTACABLHO BHITTHILEM KOMIICHEHTE KOHTPaBapHAHTHOTO 3-MEpHOTO
METPHYECKOTD TeH3opa

) 0§ ;0K o
k=TI g =0, (4.3.6)
g

UMEIOILETO OTIHYHBIMH OT HYJIS JIMIIbL KOMITOHEHTHI ¢ MPOCTPaHCTBEH-
HEIMM MHIEKcaMH. JIerko BHIeTh, aTo hopmynsl (4.3.4)—(4.3.6) anano-
THYHB! COOTBETCTBYIONMM (dopMynam (4.2.1)—(4.2.3) B MeTome XpOHO-
METPHUECKHUX HHBAPUAHTOR, OTIIHMAACH OT HUX 3aMeHOH KOBapHAHTHBIX
MHIEKCOB Ha KOHTPaBapHAHTHBIE.

Il. Kuuemerpudeckas cUCTeMa KOOpPIHHAT ONpeeieHa HEOXHOIHAY-

HO; JUIA QOHOM W TOH K¢ HOPMATLHOM KOHTPYIHLUMU T MMeeTca Habop

KUHEMETPHYECKUX KOOPAMHATHBIX CHCTEM, OTpENeAcMBIX H3 YCIOBHS:
,  0z° z° oz
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O1CI08a CREOYET, YTO KOOPAMHATHLIE CUCTEMEBI, KHHEMETPMYECKUM 00-
pa3oM IIPUBA3AHHbIE K OLHOM M TOH Xe HOPMANEHOM CHUCTEME OTCUETA,
CBH3aHbI NpeodpaloBaHHaMu;

2 =z, (4.3.8)
g =" 2! 22 &), (4.3.9)
Ha3oBeM 3TH NPeoGpPaIOBaHUS KuHEMEMPULECKUMY.

IV. Jlerxo BUIETD, 4TO B 3THX HOPMYJIaX KOOPAUHATHI £’ 1 npoctpar-
CTBEHHbBIE ' MEPECTARNEHb! MECTAMH C COOTBETCTBYIOLLINMI KOODIHHA-
TAMH B XPOHOMETPHYECKHX ITpeobpasoBaHusx (4.2.5)—(4.2.6). [1peobpa-
3oBatns (4.3.9) OKazaTHCh AOMOAHUTE/NBHBIMU K XPOHOMETPHYECKUM;
paHee OHM ONMCHIBAIM MEPEXOIbLl MEXIY XPOHOMETPHYECKHMH CHCTE-
MamM OTCYETa, @ TENePb OHM COOTBETCTBYIOT 11PeOOpa30BaHMAM BHYTPH
OIHOH M TOH Xe HOpMajlbHOH CUCTeMBI OTcYeTa. JJONOAHMTENLHBIMH
K KUHEMETPHYECKHM ABASIOTCA Ipeodpa3oBaHms

2’ = z'o(zo, £z x3), (4.3.10)
TI€ B KayecTBE apTyMeHTa oDS3aTelbHO NPUCYTCTBYIOT KOODIWHATHI
€ MpPOCTPAaHCTBEHHBIM HHAeKcoM. Takoe mpeobpas’oBaHMe HCXOOHOH
KHHEMETPHYECKOH CHCTEMEBI KOOPIHMHAT NPUBOZUT K HOBOH COBOKYTI-
HOCTH [POCTPAHCTBCHHO-TIONOGHEX THIEPTIOBEPXHOCTEH z° = const,
B Kotopoit MOXHO ompeleints mo dopmysam {4.3.5) HOByIO opro-

TOHANBHYI0O K HMM KOHTPYSHIIMIO BPEMEHH-TIONOBHBIX JMHMHA 7, TOe

1',: = g;?/\/ g'®. C sToil BpemeHu-110106HOH KOHIPYIHLMENR MOXHO

CBA3aTh BTOPYK HOPMAJIbHYIO CHCTEMY OTCUETA, TOTZAA NMpeofpa3oRaHue
koopauHar (4.3.10) onuchIBaeT nepexol Mexiy HOPMAIbHBIMH CHCTE-
MaMH OTCHETa, HO TOJbKO NPH COTMALLEHHH, YTO ¢ MCXOAHOH M pe3ynsb-
THPYIOWEH CUCTEMAMU KOOPAMHAT CBH3aHbl CHCTEMB] OTCYETa COMMACHO
Kanubposke (4.3.4). Cucremy OTCUYETa, ACCOLMUPOBAHHYIO CO B3ATOM
KOOpPIMHATHOM CHUCTEMOI coracHo dopmynaM (4.3.4)—(4.3.6), Hazo-
BEM KUHEMEMPUHECKOl CUCIEMOL omcuema.

CnenoeatensHo, npeobpazosanna KoopauHaT (4.3.8), (4.3.9) coot-
BETCTBYIOT OIHO# H TOMH e KHHEMETPUUECKOH cHcTeMe oTcyera, a (4.3.10)
OTTHCBHIBAIOT NEPEXOILl MEXAY PasNIMYHBIMH KHHEMETDHIECKUMH CHCTE-
MaMH oTcyeTa. Pasmiiue mexay rnpeobpasosanvsMu (4.2.7) u (4.3.10)
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ellle pa3 CBMAETENMLCTBYET O TOM, YTO Nepexodvi MeXCOy CUCmeMamy oni-
CHeMa ceA3ANY C NPeoBpazoeanusMU KOOPOUHAM MOALKO NPU HAAUYUY 00-
NOAHUMEALHBIX CORAGUIEH U, npuvem nociednue moeym Obimb paznutHbimis,

V. B KMHeMETPHMUECKMX CUCTEMaX KOOPIMHAT TIPOSLMPOBAHHE Mpo-
W3BONBHOTO TeH3opa BL | panra m + n Ha HanmpaBREHWE T COCTOMT
B OTIpEOCNCHHH BETHYHHEL

BO0--0

— gt v

B=B, 1,...7

Bce koBapHMaHTHBIE <«TIPOCTPAHCTBEHHbIE» KOMMOHEHTH Bj;... NMpoH3-

BOJILHOFO TEH30pa ABTOMATHYECKH SBAIOTCA IPOCTPARHCTBEHHO-CIpPO-
€HHPOBAHHBIMU:

Bik=Bu (- .. R, =B, .9 g =B (43.12)

TAK KaK, coracho (4.3.5), b = 0, hY = ~¢. Bce KouTpaBapuanTHBbic
KOMTIOHEHTH!  NMPOCTPAHCTBCHHO-CNIPOELMPOBAHHEIX TEH3OPOB UMEKOT
TOABKO WHIEKCH |, 2, 3 1 o6pasyroTes NONHATHEM WHIEKCOR Y KOMIIO-
HeHT (4.3.12) nocpeacTBoM 3-MepHOTO METPUMECKOTO TEHIOPA A
W3 npoussoabHoro Tewsopa BY. paHra # MOXHO ITOCTPOMTGH
KOMITOHEHTEI IIPOCTPAHCTBEHHO-CTIPOEIMPOBAHHBIX TEH30POB MEHbLLE-
10 PAHTA 17, HANPHMED:
- B?f

Bg...k = W_m—)/i (4313)

VI. IIpocTpancTBeHHO-COPOSUHPOBAHHEIE TEH30PH B KMHEMETpHYE-
CKHX CHCTEMAX KOOPAMHAT 00/131aK0T CBOHCTBOM KMHEMETPHYECKOH HH-
BAPHAHTHOCTH: OHM HHBapUAHTHKI IPY [ipecbpasosannsix (4.3.8) u upo-
CTPaHCTBEHHO-KOBAPHAHTHH OTHOCHTENEHO TipeoGpa3oBaHuil Koopau-
Hat (4.3.9). D1 BenuuMHbL OylieM HA3LIBATH KUHeMEeMPU4eckU UHEAPU-
anmuoimMu (K. u.) mensopamu.

Kak M B cnyude MeTOOa XPOHOMETPHISCKUX WHBAPHAHTOB, NpoJIe-
MOHCTPHUPYEM CBOIMCTBA KWHEMETPHYECKOH HHBAPDUAHTHOCTH Ha IpUMe-
pe MpOH3BONbHOTO BekTopa BY. PaccMOTPHM MIMCHEHHMS PazTHYHLIX
€r0 XOMMOHeHT mpu npeobpasoBaHusx (4.3.8) v (4.3.9):

azh ac! oz* Az oz

B, = —:;-B,, = ——B;: B,=—B B

ar* Fz0 F " Gz o+ 9z By
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) 3$!k 8:8”‘ B:B'k )
BfF=_—"_B . B'L — B* = 0 -
T dxh dz° B+ Ot B

00 ] il 0\2
Vupreisas, wto ¢ = g*(8z"/03°)’, yOexaaemcs B nupapHaHTHOCTY

0
B"/+/g"®. Oyesuano, yto B; KOBAPMANTHO OTHOCHTENLHO 3-MEPHBIX
npeoGpasopanuii. KoMmooHeHTw 1-H W 4-# CTpOK He 001a1a0T cBOI-
CTBOM KHHEMETPHYECKOH MHBApHAHTHOCTMU.

Puc. 4.4. CODTHOWEHWE KOHTPYIHUMA NMHWIA T
0
U T B METOOE KUHEMETPUHECKUX MHBAPUAaHTOB

VI). OrMmerum Tarcke, 4TO ¢ OAHOM K TOH Xe KOOPIWHATHON CHCTeMO
MOXHO CBAI3aTh HECKONbKO CHCTEM OTCYETA, B YACTHOCTH XPOHOMET-
PYYECKYI0 H KMHEMETPUUECKYIO, NIpHyeM B ODLUeM cryuae oMy ByayT
OTIMYATBECA JPYT OT ApYyra (CM. puc. 4.4).

4.3.2, Duanko-reoMeTpryeckve TeH30Pbl U ONepaTopbl
AvddepeHLMPOBaHUA B KHHEMETPUYECKOM xanuBpoBKe

I MCIIOJ'II:Byﬂ 3HAYEeHHA COCTABJAAIOIIHNX MBTDMHBCKOI'D TEH30Pa B KM-
HeMeTpU4ecKoit KanubpoBke, w3 onpeaencHuii (4.1.13}—(4.1.15) naxo-
KM BbipaXeHHA A ¢H3HKO-TCOM€TDH‘-IGCKHX TEH30POB!

“a; = 1Ty *wip = 0; (4.3.14)
R are ore

*

d‘k:—( S -I-haka i +hiaﬁ . (4315)

3nech M B AaNBHeIIeM GyIeM MOMeuaTh MATHKOHEYHOH 3Be3mOuKOi
CJIeBa CBEPXY BENMYHHE M OTIEPATOPH B KWHEMETPHYECKOH KamubpoBke,
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B OLIUYME OT LICCTUKOHEYHO! 3BE3J04YKM, MPUHATON B METOLE XPOHO-
METPHYECKUX HHBAPHAHTOB, M3 (4.3.14) creayer Ype3BalNailHO BAXHOE
CBOHCTBO HOpMATBHBIX CHCTEM OTCHETA, — B HHUX TOXICCTBEHHO pPaBCH
HYJTIO TEH30D YII0BOI CKOPOCTH BPALICHWS CHCTEMBI OTCUETA, DTO 1103~
BOJASET CYMTAaTh HOPMATbHBIC CHCTEMBI OTCYETA MPEUMYIIECTBEHHEIMH
(BBIZENIEHHBIMY) B MCKPUBIEHHOM MPOCTPAHCTBE~BPEMEHM, T. €. B He-
KOTOpOM CMBICIIC Ha3BaTh UX AHAI020M UREDLUGABHBIX CUCMEM omcHema
8 RAOCKOM RPOCMPAHCMGE-BDEMEHY.

. B xuneMerpnueckoii Ka1ubpoBKe MOHANHMLI ONEPATOP BPEMEHHOIO
IUddbepeHUMPOBAHMA 3JABUCHT OT PaHra H KOBAPHAHTHOCTH ouddhepeH-
HMPYEMBIX BEIIHMIHH:

*9rBL —\/_63‘ o~ aaBs —NIBS - +NLBE
\/_— {4.3.16)
TAe
N = —hi7l =1 — ',
By x0BapWaHTHOM MpPOCTPAHCTBEHHOW NPOH3BOIHON OT TIPOCTPaHCT-

BEHHO-CITPOCITMPOBAHHBIX TCH30POB MOMHOCTBIO HACHTHYCH 3-MEpHOMH
KOBApHaHTHOMH MpOH3BOAHOW OT 3-MepHOro TeH30pa:

i aB’ i 8 i
ViBLL= SRR A LGB S LRBLI . (4307)
rae .
h ah:k ahﬂ 8hk[
L - 4.3.18
M= (3:.-:’ T Bk 3,6:) (4.3.18)

— 3-MepHhe cHMBob Kpucroddens.

KoHTponbHbie 3ananus

1. Tloxasats, YTO CKOPOCTL ABHKEHHA KNHEMETPHYECKON CHCTEMB] OT-
CYETa OTHOCHTENBHO XPOHOMETPHYECKOH, OmpeicfieHHBIX B OXHOM
M TOH X¢ KOOPAHHATHOW CHCTeMe, UMEET KOMIIOHEHTEL:

00
—1
‘U‘D _ 9008 . k

NI = ao ™. {4.3.19)
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2. TlokasaTk, uTO NEpexo, oT OJHOH KHHEMETPHYCCKCH CHCTEMBL OT-
cYeTa K Apyroi KHHeMeTpHUeCKOM, NBIKYILEHCa CO CKOPOCThIO Uy
OTHOCHTENBHO MTePBOeii, ONUCHIBAETCA NpPeobpaloBaHeM KOOPRHHAT:

8z" vea/ g» Ha’?

9 = 1= (g /g0, ba
bz° v/ g% ik

0% ~ T (g%/+/g); O

Jameuanye. ITa 331393 NOIPOOHO PACCMOTPEHA B [1, c. 71-75].

MM, 0OpaTHBIM

(4.3.20)

§4.4. MoHagHbI BUA, KIOYEBbLIX YPABHEHUA

Bee BeencHUEIe B TpenpiaymiMx naparpagax ofIIeKOBAPHAHTHBIC
BRIPAXEHWA MOXHO NpeacTaBUTh B MOHATHOM BHIE, T. €. JAITMCATH HX
HCKTIOUUTENBHO Yepe3 NMPOCTPAHCTBEHHO-CPOSLIMPOBAHHEIE TCH30DH
(u cxansipel), HUIMKO-TCOMETPHYECKHE TEH3OPH W ONEPaTopsl MOHA-
HoTO IHddepeHUMPORAHUA, TIPHUIEM 3TO BCErHa MOXHO CAeAaTk Kak
B ODILIEKOBAPDHAHTHOM BHAE, TaK M B CIOCUMaABHBIX TIPYIIOBLIX Ka-
anbpoBkax. OTACNTBHO PACCMOTPHM BaXKHEHIME W3 BBEJACHHBIX BBIMIC
YpaBHEHHIA.

4.4.1. YpasHeHusa reoae3vveckux AMHWA

I. Jinsa sanucu ypaBHEHMIt TeOZE3NUECKUX IMHUMK, TIPEXKAE BCETO, YuTeM
Bia cuMBonoB Kprcrodxhens depes MOHAZHEIE BeTMYMHEI (4.1.26). Kpome
TOTD, BBENEM PAIN 3-MepHEIX 0DD3HaueHHH:

—ht dz* dx
= =~ (4.4.1)
T, dT% dr
— TIPOCTPZHCTBEHHBIE KOMITOHEHTBI CKODOCTH 4aCTHLIBI;
Tq dz® my
ds =drv 11— m=mg = 4.4.2
ds V1—w? ( )
— JMHAMMWYecKas Macca YacTHLb (Mg — Macca f0Kos);
dz?
P’ = -—mohﬁd— = mv” {4.4.3)
5 :

— KOMIOHEHTH! 3-HMITy/IbCa.
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IMocne HecKoXKHBIX BBIKIIAJLOK [I0Y49aeM BhIpaXeHNE ANt 4-MepHOH
CKOPOCTH Yepe3 3-MepHBIE CKOPOCTH:
dx* ¢ +p#
= — = . {4.4.4)
ds NIy
il. YpasHenus reome3udecKMx JMHKII B MOHAJHOM BMIE MPEACTABIS-
loTCA CAeayiouiuM obpasoMm:

Dm

s (drm + "V, m) = a,p" — d,p'v”; (4.4.5)
Dpu v Jh e v v v "
5 = Orp" + "V p') = ~ma” - 2pM(wy, - dy). (4.4.6)

B neBBIX YacTAX 3TUX YPABHEHUH CTOMT ONEpaTop, MMEIOLKii cMBICh cyB-
CTAHUMAMBHOK BpEMEHHOW NMPOU3IBOOHOU B MEXAHMKE CIIOIIHBIX cped.

TlepBoe 113 3TUX BRIPaXeHHIH ONMUCHIBAET MIMEHEHHME KUHETHYECKOH
3HEPTHU (mcz} Te/Ia B HEWHEPLUMANEHON cucTeMe oTeueTa. Kak BuaHo
13 (4.4.5), OHO OMpeAeNseTCH YCKOPEHUEM CHCTEMBI OTCYETA @y, M TeH-
30pOM CKOpOCTe aedopMannii dy, .

Bropoe ypaBHEHHE ONMCHIBAET M3MEHEHHE 3-MEpHOro UMITYJIhCA
B HCHHEPIMAMBHOMH CHCTEME OTCUETa. CpaBHUM 3TO BRIPDAXCHHE ¢ ypan-
HEHUEM JIBIDKCHMST MaTepuanbHOH TOYKU B HEMHCpUMANbLHOW CHCTeME
OTCYETA B HEHTOHOROH MeXaHHKe

dap, -
p(;TH =F - mﬁnep - m&l(op, (4.4.7)

[1I¢, HATIOMHHMM, KOPHOTHCOBO YCKOPEHHE dgop = 2[@Toru) (vnv B 3-mep-

HBIX TEH3OPHBIX 0003HAYEHHAX a;;(,p = 2w.'jvj ), ONpeaensAeTCsA Yepes yr-
JIOBYIO CKOPOCTh BPAIIEHUSA KIACCHYECKON CHCTEMBI OTCHETA & M OTHO-
CHTEILHOM CKOPOCTBIO MATEPUATLHONK TOYXH Tory. B dopmyre (4.4.7)
TAKXKE CONEPNUTCH TNEePeHOCHAsd CUld WHEPUHM M pealbHas CHiaa F
neicrsyiomias Ha Toyky. [TOHATHO, YTO B YPaBHEHHMSX NeoAc3HYeCKoit
OTCYTCTBYIOT peaibHbie CWibl. M3 cpaBieHMs npashix yacteil (4.4.6)
1 {4.4.7) HaxonMM MOOTBEPXICHUE pasee MpPOM3seNEHHOH WHTEpnpe-
TannK (hHU3MKO-TCOMETPHUECCKUX TEHIOPOB: &~ ~— YCKODEHWE; w.’}g —
TEH30p YITOBON CKOPOCTH BpauieHns cHeTeMBl oTcyeTa. TpeTu# TeH-
30p — cKopocred Aedopmaunit d,,, Bxonaumit B (4.4.6), B HIBECTHBIX
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YPaBHEHHAX HBLIOTOHOBOU MEXaHMKM OTCYTCTBYET, NOCKONLKY TaM MC-
[IO/Ib3YETCA TBEPAOTENRHOE ONpEIeieHHE K1aCCHYECKNX CUCTEM OTCUE-
T4, HEBOIMOXHOE B OOIUCH TEODMH OTHOCHTEMLHOCTH.

Ill. Yro6hl 3anucaTh ypaBHEHHS M3OTPOIHBIX TeOIE3UMMECKHX THHMIL
(1.3.27), BBeseM NpoeXUKMM BOIHOBOIO BEKTOpA: € = k‘“r,, — DHEPTHA
H3OTPOIMHOTO Matydenus; k&~ = —k* k), — IPOCTPABCTBEHHO-NONOGHAS
yacTh (MMMyNLe) BONHOBOTO BekTopa; I = k*/¢ — HanpaBreHue pac-
[POCTPARHEHWA HM3OTPOIIHOIO MINYYEHHs (l"ru = 0). Ucnoap3yst aru

0603RAaYECHHS, HAXOOMM, 4TO [Be NpoeKuuu ypabHenus (1.3.27) 3amm-
ChHIBAIOTCA CHREAYIOTITHM 00pasoM:

lde dre + 14V, e

cdr . ‘:‘,u":Iu — d T, (4.4.8)
dEy Y e T v v Tt

4.4.2. YpaBHeHus JiiHIITEAHA U TOXAECTBA
l. Tipexme Beero, 3amuuieM NPOEKUMH KOMIIOHEHT TeH3opa Puuuu
Ha HapasiACHHA T W TIPOCTPAHCTBCHHOC CEYEHUE!

Ryum1” = (8rd = dopd™) + wapw™ + (Vha* — apa®); (4.4.10)
"‘;Ruvhgfﬂ = Ved - ¥y (wé- + dz\r) - Za)\w,’}l; (4.4.11)

]

600.5 + E’ﬁaa - 20465
+
2
+ (dar + WaA)(d§ + wh) + (dard} — 3warwh) + Reg, (44.12)

R hihy = —(9r — d)dop +

3pA "
the Ry = R4ng — 3-MepHblit TeH30p Puvuu; d = —dgﬁh"ﬂ :

W3 atix BBIpaXeHHH cKandpHas KPUBH3HA B MOHAIHOM BUJe 3a-
MHCHIBACTCS CNCAYIOLIAM 00Pa3oM:

‘R=120rd — (@ + dogd™®) — wagw™ +2(Vya* — 0,6") +°R,
(4.4.13)
e ‘R = —h*? 3Raﬁ. HanoMHUM, YTO BO Beex (hopMy/Iax HHAeKCh! To1-
HUMAIOTCA U OITyCKAKTCs focpeacTsoM ¢* (MM, YTO PABHOCWIBHO 11
NPOCTPaHCTBEHHO-CHPOCLHPOBaHHBIX BEIWYKWH, TocpenctBoM —h*”),
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Il. TIpoekuuu ypapHenuit DHHIUTEHAHA HA MOHAAHBIE COCTABIAIOLINE
METPHYECKOTO TEH30pa HAXOASTCH B BUIE!

(4Rp,, - lgrm,“R) r’ = M +
2 2
M - %R =&, "’ (4.4.14)
- (4R,,,, —~ % g#;,“R) PR =V od -y (W) +dd) -
- 205w’y = —®T,, T RY; (4.4.15)

1

+ (dax + wa.\)(dﬁ)';‘ + wé) + (dﬂkdg - 3“’“'\“’3') -
_ h’dﬂ (d2 + d#yd'uy + w#yw#u) + 6005 + 6.3(1& - zaaaﬁ
2 2

- hos'R
+ hop(Vra* —aya’) + ('*‘Raﬁ + —"g—) = &T),hhh.  (4.4.16)

CKUBIpHAst YaCThb CMPOSLMPOBAHHBIX YpaBHeHUH DitHiuTeiiHa (4.4.15)
IOTIYCKAeT TPOCTYIO (hH3HMECKYIO MHTepIpeTalnio. Tak kak clipasa CTOUT
TUIOTHOCTh SHEPTHH CUCTEMBI B PU3MIECKHX TepMuHax Ty, 77", 10 1e-
BYIO YacTh CJIEAYET MIOHMMATh KaK MpeacTaBAeHNe . GpU3NUecKoll NioT-
HOCTH SHEpPTMM Yepe3 FeOMETPUYECKUe TIOHATHA. TTockoneKy dy, ecTh
BPEMEHHAA TIPOM3BOKHAS OT 3-MepHOTO METPHUECKOTO TEH30pa, TO Cfla-
raeMble, CONEPXAIMC KBAAPATIMHO dy,, CCTCCTBEHHO MHTEPPETHPO-
BATh KAaK TEOMETPHYECKYIO KHHETMYECKYIO 3HEpTHio cHcTembl. Crara-
eMBEIE C KBAPATHYHOI KOMOGMHALMI TEH30pa YINOBOIt CKOPOCTM Bpa-
LIEHHS Wy, CJCAYET TPAKTOBATH KK IHEPTHIO CUCTeMbl, OBYCIOBIEH-
HYIO BpalllcHMEM, a OCTaBIIEecs CIaraeMoe, NMpONOpUHOHANBHOE CKa-
JIPHOH TPEXMEPHOI KPUBHMAHE, HE CO/EPXKAllice BPEMEHHBIX POU3BO/I-
HEIX, TOTAA CJEOyeT NIOBMMATh KAK TEOMETPUYECKYIO MOTEHUMATBHYIO
JHEPIUK) CHCTEMBI.

4
HI. M3 tensopa Pumara—Kpucroddpenst "R, BCEMH BO3MOXHBIMI
cnocobaMM MPOELMPOBAHMSL MOXHO TONYIHTL TPH TIPOCTPAHCTBEHHO-
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CHAPOELIMPOBAHHbBIX TEH30PA:

A — prApva ipA A
Zlie = Hoght "R = Ry — 2hwyy + (d) + wh)(dys + wyg) ~

~(d) + @) )(dys + Wps); (4.4.17)
Yiro = Rippurab ity =2a500y0 + Vo(dys +wy5) =V, (dos+o,);
(4.4.18)
Xoy = R maT™ WoHY = Opdyy + (@) + w0 )dyp + wip) +
Voay + V0, — 20
4 Yeh T Vals 7 2800y (4.4.19)

2

W. Wcnoabsys npenpuiyiume GopMynbl, 3alMILEM TOXIECTBA Puyyu:

Vpay_vl;a#.

Orwpyy = — 5 ; (4.4.20)
(VU +a)ws + (Vo + aghwnu + (Va +au)up =0; (44.21)
Zuvor + Zpywe + Zygrw = 0. (4.4.22)

ToxaecTsa BuaHkv B MOHAjHOM BH/IE BBIIJIAAAT FPOMO3IKO.

V. Bce BrInNCaHHbIE BbILIE COOTHOIICHHS B 06GLUEKOBAPHAHTHOM BHIC
JIETKO 3aMKCaTh B XPoHOMempuecKoi Kaaubposke, [T 3T10ro 10cTaTouHo
Be3Ne 3aMEHHTH 4-MCPHBIE {TPeyccKue) MILIEKCH Ha 3-MepHbie (naThH-
cKue), a B 0603HaAYEHHAX PUIHKO-TEOMETPHYECKHX TEH30POB H MOHA/ -
HBIX OTICPATOPOB CJ/IEBA CBEPXY NMOCTABUTH 3BE3NOYKY, O3HAYAIOIYIO, UTO
3TH BEJTWYWHE B3ATH B XPOHOMETPHYCCKON KamuOGpoBKe.

Vi. B Kuxemempuweckoll Kaaiubpoaice Bee (HOPMYITH YUPOIIAKIOTCS, MO-
CKOJIBKY B HEit TeH30p YTNOBOH CKOPOCTH BpallIeHWs o6palllaeTcs B HY b,
Kpome Toro, HeoOXoOUMO cHenaTth itepeobO3HaYeHUs, KaK M B cliydyac
11epexona K XpoHOMETPHYECKOH KaTHOPOBKe.

OTMETHM, YTO B KHHEMETPUYECKOIH KATTMOPOBKE, IFOCKONBKY 3-Mep-
HAsl CBA3SHOCTE IEPEXOAUT B 3-MepHBle CHMBOMLE Kpuctodbdensn, 3-mep-
HBIA TeH30p PryyuM 3anUChLIBAETCA B ODIENTPHHATOM BUIE

oLy, 8Ly

i
o~ 3t T LigLj, — Ly Li,. (4.4.23)

3
R =




156 [nasa 4. Cucremss orcvera 8 OTO

Meron KMHEMETPMUYSCKHX WHBADHAHTOB MOXHO NOHMMATb Kak
cnocod BBLAGIEHHS B 4-MEPHOM PUMAHOBOM ITPOCTPAHCTBE-BPEMEHH
3-MepHBIX NPOCTPAHCTBEHHO-IIOLOGHbIX [UIIEPICBEPXHOCTEL.

4.4.3. YpasHeHna MakcBenna B MOHAZHOM BUAE

MaTepuan 1aHHOTO pa3lIe/ia BaKEH HE TOILbKO B CBA3U ¢ 0OCYXKOEHKEM
TEOPHM TPABUTALIMU — OH CYIIECTBEH VISl PEWICHUsE DONBIIOIO Kpyra
IPAKTHYECKMX 33134, B KOTOPLIX pacCMaTPHBAKOTCS SIBJICHHA 3/eKTPOLN-
HaMHKH B HEHHEPIHHANBHBIX CUCTEMAX OTCYeTa KaK B HCKPHBJIIEHHOM,
TaK U B TUIOCKOM NPOCTPAHCTBE-BPEMEHH. BRINMCAHHBIE HIGKE YpaBHE-
HHA CIIpaBCIIMBLl H B OTCYTCTBHE TpaBUTALIMH.

|. Bexmopnuii nomenyuas saexmpomaznumuozo noas A, B MOHANHOM

BUIE [IPEACTAB/AETCA CeayouuM obpasom: 4, = 7, A+ A, rae sbese-

HBI CKAJLIPHEI ( A) 1 MPOCTPaHCTBEHHO-CIIPOELMPOBAHHbIE (.Zl-u) KOM-
MOHEHTHI NOTEHIIHAa: )
— W, T __ _p¥

A=Ay, A, =-hA,. (4.4.24)

Il. Tenmsop ssexmpomaznumnoco noan F,, 3anuceiBacTcs yepe3 BBENEH-
HBIC BEJTUMHHB! B BUIE:

_ (04, oA, pA 84
fu= (G5 ) * (P vt ) + 40000 om0
(4.4.25)

M3 31010 BBIpaXKEHMH MOXHO MOCTPOMTDb MPOCTPAHCTBEHHO-CTIPOSLIH-
POBAHHLIH BEKTOP HANPSXKEHHOCTH EKTPHYECKOro MoAs W TEH30p
HANPIXEHHOCTH MarHHTHOTO MO

E, = —1°hFop = 874, — (V, — a,)4; (4.4.26)
Hyy = Wl Fog = (V, 4, — V, 4,) + 24wy, (4.4.27)

NpyHYCM UMEET MECTO COOTHOLIEHHE
Fy = Hy +7,E, - 1,E,. (4.4.28)

XapakTepHo, YTO B ONPEACTICHHS NPOCTPAHCTBEHHO-CIIPOCLHPOBAHHbIX
KOMITOHEHT HanpsKeHHOCTEH BXOMAT QHUIUKO-TEOMETPHYECKHE TCH30-
DBl YCKOPEHHA Gy M BPALIEHHS Wy, HEHHEPLMATBHOH CHCTEMbI OTCYETA.
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3aech NCNOAB30BAHA TEH30PHadA 3allMCh HANPSXKEHHOCTU MATHHUT-
HOTO NOMSA. B rpyInoBbiX KanuGpOBKaX OT HEe MOXHO NIEPeHTH K Bosee
IPHBBLIMHONA B MpaKTHYECKHX 3a134aX BEKTOpHOM 3amucu. Hampumep,
B XpOHOMETPHYECKON KannOpoBKe HMeeM

H =¥ Hy,, (4.4.29)
rae €% — 3-mepuptit cuMmBon Jlesu-Uueure,

W, IZepsyio napy ypaeunenuii Maxcaeaaa (1.5.15) B MOHATTHOM BHIE MOX-
HO TIPEACTABHTL B (popMe

drHy = (V, — 0,)E, — (V, - a,)E}; (4.4.30)
ViHyo + Vo Hyy + Vo Hy = B ys + Bywyy + Bowyy). (44.31)

TlogyepkHeM, 4TO B 3TH BBIPAKEHHA BXOAAT XapaKTEPUCTUKH HEMHEp-
IHATBHOM CHCTEMBI OTCYETA.

IV. Bmopyio napy ypasnenuii Maxceeana (1.5.16) MOXHMO PEACTABUTH
B BHAE;

- 4
VB~ H",, = ?"J; (4.4.32)
- 4T
(Or — A)E* + (Y, — a,)H" = -CEJ“, (4.4.33)

[fie MCHONB30BAHEI 0G03HAYEHHS! TSt TVIOTHOCTH 3apANA M BEKTOPA TOKA:
J=nj4", J¥=-hnij".

Jlerko BHACTD CXOACTBO YPABHEHUH MaKCBeNNa B MOHAKHOM BHIEC
¢ OBLUENPUHATON 3-MCPHOI 3aMUCEI0 3THX YPABHEHHWIH, OMHAKO B JaH-
HOM CJTy4ae 3TH YPAaBHEHHS 3aIlTHCAHBl He B HHEPUHATBHLIX, a B TIPOM3-
BOJNBHBIX CHCTEMAX OTCYETA, TIPHYEM HE TONBKO B MPHHATHIX B HLIOTO-
HOBOH TEODUH «TBEPAOTENBHEBIX» CUCTEMaxX OTCYETA, HO W JeOopMUpy-
EMbIX.

V. Tensop suepeuun-umnysvca snexmpomazuimnozo noan (1.5.17) umeer
CEAYIOUHE MPOSKLMH:

1 HogH
T17y = == (EAE" - —"‘52—) (4.4.34)
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1

~T"h3T, = —EH""Eﬁ; (4.4.35)
1 haﬂ 2 A Ao
T hoh] = i [E“Eﬂ + HEHP 4 £ :” By #7) ]

T
' (4.4.36)
VI. 3amernm, uto nepsas napa ypasHenuii Maxcseina (4.4,31)-(4.4.32)

OuYeHb TIOX0Xa Ha MOHaxHbie ToxXaecTra (4.4.21) u (4.4.22), ecamn coot-
HECTH IPYT € APYTOM BE/IMYHHbL:

roe Cy — HeKas pasMepHas KOHCTaHTa, KOTOpas SydeT onpeaeneHa
HIXe,

KoHTponbHbie 3aganns

1. Tokasath, uTo ypasHeHue KieiiHa—®oka (1) B MOHagHOM Buig
JANUCHIBAETCH CICAYIOMINM 0DpaloM

2
(Or — DE + (V, - a,)p" + (%) ¥ =0, (4.4.38)

. TAe
, 0¥ , 0¥
E=r1 @; Dy =— #5;;'.

2. 3anucarb B MOHaIHOM BHIE BHIPAKEHUE MIA 3aKOHA COXpPAHEHUS
sapana V,j* = 0, rae j* — pexrtop 4-Toka.

3. 3anucarb B MOHATHOM BHIC BhIpaXeHHE UM «1aKOHA COXpaHEHMA»
anepruM-umitynsca 8 OTO V,T* = 0, rae T* — Ten3sop sxepruu-
HMITY/1bCa MATEPUM.

§ 4.5. MoHagHLIW MeToA, B TOYHBIX
pelueHnsax ypaBHeHWi JiHWTeRHa

TpumeHyM MORAIHBIH METOR IS MHTEpApeTalMH 3¢ $eKTOB b pac-
CMOTPEHHBIX BBILIE TOUHBIX PelilEHMSX YPaBHeH) Dithnireitda. OTMETHM,
910 TpH hu3Kueckn HanboAee BAKHBIX peleHMS YpaBHeHKA DiHIITeHHA:
[IIpapummiwena, Keppa u @punMana — OKa3anuck TECHO CBA3AHHBIMA
C MPOABNCHUAMH TPEX KTIOYEBBIX XapaKTEpHCTUK MCTIONBIYEMBIX CH-
CTEM OTCYCTA, COOTBCTCTBCHHO, BEKTODA YCKOPEHUA @f, TEH3ODA YIVIO-
BOW CKOpPOCTH BpAlLICHMA Wi H TEH30pa cKopocTeil geopManuit dig.
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4.5.1. MonapHblii MeTon B MeTpukax dpugmaHa

I. HauneMm ¢ paccmotpenmsi MeTpuk ®PpuamMana, e, ¢Tporo roBopsi,
yKe TIpH MOCTAHOBKE 321349y X HaX0XAeHHs OKa3aN0Ch HEOOXOMMMBIM
MOHATUE CHCTEMBI OTcYeTa. JdecTBUTENEHO, MOCTYIMPYEMbBIE CBOMCTBa
ONHOPOAHOCTH M HW3OTPONMK {OOMHAKOBOCTH 1O BCEM HANpaBICHUAM)
NPOCTPAHCTBA HEABHO NPEANQNATaOT IMObANLHOE paciienneHye 4-Mep-
HOTO TPOCTPAHCTBCHHO-BPEMECHHOIO MHOTOOOpa3sHs Ha HanpabBleHHUE
BPEMEHH M OPTOTOHARNBHOE €My NMPOCTPAHCTBEHHOE CeYeHHe, O CBOM-
CTBaX KOTOpOro Maer peub. Mlcxois M3 M3NOXKEHHOTO BhINE, OEnaeM
BBIBOJL, UTO Mempuxu CpudMana paccmMampusaiomcs € HOPMAABHWX Cli-
CIMEMaX omcHema, 048 ORUCAHUA KOMOPeIX ciedyem UCH0AB3I08aMb MEMO)
KUHeMempuueckux uugapuormos. MOHaIAbIE COCTABIIAIOINNAE METPHYE-
CKOTO TCH30pa HaxOAATCs B BHAE

i 1
To= 5= a(@’y; hy = BT a’(z’);
. (4.5.1)
hll = -@ = G,sz; h33 = ﬁ = azbzsinz 9-

Il. Kax n3BecTHO, B HOpDMaNbHEIX CHCTEMAX OTCYETA TEH3Op YTAOBOI
CKOpPOCTH BpaUIEHHA TOXJECTBEHHO paBeH HYJTIO. YCIOBHMS OIHOPOI-
HOCTH W M30TPONUY NPOCTPAHCTBEHHBIX CEYEHUI 03HAYal0T OTCYTCTBUE
BblACNEHHbIX HANPABIEHWH, 4TO NPUBOAUT K 0OpALUEHHIO B HYIIb BEKTO-
pa YCKOpeHMst cuctTeMbl oTcuera, TakuM obpazoM, mempuxu Dpudmana
ORUCHIAGIOMCR AL MEHIOPOM CKOpocmell dechopmarili CUCTEMBI OTCYe-
Td, KOMIOOHCHTB KOTOPOTO H MOHAAHBIC MPOU3BOOHBIC OT HUX Cpa3y Xe
NeTKO HaxofsTca M3 Buia Merpuku (3.1.1):

dix, = %'roh;k,o = %h,—k; d= m%‘;; (4.5.2)

= é 3.
Vidij =0, Ordue = —his  rd=-—(i- 20%).  (4.5.3)

). Vpasuenus DitnuTteitHa Ans BadHBIX METPHK CYHIECTBEHHO YTIPO-
LIAIoTCA:

; 1
Ord — dgd™* = = (T,w - EQWT) ¥~ A; (4.5.4)

hipT
—(8r — d)dix + 2didy + Ry = &(Tik + '%—) +haA. (4.5.5)
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[loncrapnss B ypasHenyst (4.5.5) 3Hauenvia u3 {4.5.2)—(4.5.3), cpazy xe
HAXOIMM BAXHOE CBOMCTBO OAHOPONHBIX M M30TPOMHBIX MoAeae# {3.1.15),
T. €. (hopMyIy, BbIpaXalONIYI0 TeH30p PUYYM NPOCTPAHCTBEHHBIX Ceve-
HMHA uepe3 KOMITOHEHTH MX METPHKH,

IV. B cBg3u ¢ HanuuMeM IIPaBOii YacTy BBIMTMCAHHBIX YpaBHEHH DiiH-
mTeiHa o6paTHM BHUMAHKE HA OMpeaencHHe MOHATHBIM METOIOM 3HED-
THH (M HUMMYJbCa) MaTepuaNbHBIX CHCTeM. Bea ucmonpsoBaHus Mo-
HATHOI0 METOJa BO3HWKAET HEOAHO3IHAYHOCTb, B YaCTHOCTH, B ONpE-
JENSHUM TUTOTHOCTH 9HEPIMH MAaTCPHATBHHIX CHCTeM. [IpHHATO c4u-
TaTh NAOTHOCTRIO SHCPIHHM BPEMEHM-NTOROOHBIE KOMIIOHEHTH TeH30pa
SHEPTHH-HMITY/IbCA, OAHAKO TAKOBBIX HECKONBKO: Th, TDD, T,? . Kakyio
M3 HHX CYHTATE TIOTHOCTRIC 3HEpruu? B o61eM cirygae 3TH KOMIIOHEH-
TH pasiHYHBL. [Jdaxe BeOpaB OMHY M3 HUX, MpobieMy pelINTE HE yaa-
€TCH, TAK KaK BOJHHKACT CReIYIOIIIUY BOTIPOC, B KAKOR KOOPAWHATHOK
CHCTEME CNEAYET NUCATh 3Ty KOMIOHEHTY? MOHAIHBIA METON 1I03BO-
JISIET OOHO3HAYHO PEUIATE 3TOT BONPOC. [TNOTHOCTRIO 3HERTUH CICAYeT
CYHTATh MHBAPUAHTHYIO BenHuuuy T TuTy, KOTOPYKO B HOPMAJIbHBIX
CUCTEMAX OTCYETA CACAYET [UCATE B BHIE

TIDD

p02 = TUDTQTQ = (456)

0
g
[Ipy MCHOONB3OBAHMY METOOA XPOHOMETPUMCCKHMX MHBAPHAHTOB ILTOT-
HOCTh HEPTHM A0JKHA 3aIIMChIBATLCS HECKOAbKO WHaue: Too/Goo.

V. B peluenusax ®puamana HCIONb3YETCS HOPMAILHAA CHCTEMA OTCUE-
Ta, COMYTCTBYIOWAN CPeiHeMY paclipeneeHH0 MaTepuu Bo BeeneHHOM,
T. €. B JAHHOM CIy4a¢ CHCTEMa OTCUeTa pealnayercsl He WASAnbHBIMU
npubopaMH, He BIUAIIWMHM Ha BUA MCTpMKH, a MaTepHalM30BaHa
Cpeaoil, 3anoNHsIoWESH MHD W oNpenensdioed MeTpHKy. Kak yke oT-
MEYaIOCh, 3TO O3HAYAET «BMOPOXKEHHOCTL» CPeikl B POCTPaHCTBO. [10-
CTYTHPYETCA, YTO MEKYIAPHBIMH JBIKEHUSAMH MATePHHA MOXHO TIpeHe-
Opeys, U BCA TMHAMMKA MATEPHW OIMCHIBAETCA IBOIIOLHEd MPOCTPaH-
CTBEHHBIX CCMEHMIT, T. ¢. TEH30pOM cKopocTed nedopmaumii diz. Tlpu
3TOM, Trepexons oT (3.1.12) K IpoeKUMy ypaBHeHHs DIHIITEHHA

1
RL‘V - Eg"yR = &Tjﬂ/



§ 4.5. MoHanHei MeTOl B TOYHBIX DELLGHUAX 161

Ha MOHAy, IPHXOIUM K COOTHOIIEHUIO (6e3 KOCMOIOTMYECKOTO WIEHA)

d2 — d: dik SR
__w_zé: -5 =T¥nm, (4.5.7)

KOTOpOE MOXHO TPaKToBaTb KaK [EPe3anuch IIOTHOCTH (HU3MYECKOi
3HEPTHMHU (CMpaBa) uepe3 FeOMETPUYECKHE TepMUMbL (cnesa). Kak yxe
OTMEYANOCh, NIEPBOE CJIAraeMOe CJIEBA HYXHO TPAKTOBATH KaK IUIOTHOCTD
KHHETUYECKOH IHEPTMM, a BTOPOe cIaraeMoe (¢ 3-MepHoil CKamsipHOH
KPHBU3HOM) — KaK ILTOTHOCTb MOTEHUMAILHON SHEPTHH MaTepHH.

VI, B npenniayiueii rase npu uHTEPIPETALMH IBOJIOLMH TPEX KOCMO-
JIOTMYECKUX Monenel (hpakTH4ecky yKe OBUTH MCTIONB30BaHkb! TIPEICTAR-
JeHMA o (HU3NYECKOM BPEMEHH B (HOpMynax

dr = a(z’) dz’
be3 MoHanHoro Metoaa BO3HMKAET coOla3H UCTIWIB30BATL B KAYECTBE
(hPU3HIECKOTO BpeMeHH THGO BpeMeHHU-TIONOOHYX) KOOPIWHATY :BO, 6o
KaKyi0-TO JIpyTyio (QyHKUHIO OT z°
VIl. KocMonoruueckoe KpacHoe CMELIEHME MOXHO NMOIYYHTh M3 CKA-
ASIPHOW KOMITOHEHTHI YPaBHEHHH M30TPOTIHOM Teoftesmueckoit (3.3.4),

KOTOpass B MeTpuKax DpuaMana B CONMYTCTBYIOMICH CHCTEME OTCYeTa
TMIPUHHUMAET BHI

‘ T —dg " (4.5.8)

[pu yuere 3HAYEHMIT KOMIIOHEHT TEH30pa CKopocTeit nedopmarinii (4.5.2)
H YCIIOBMA h.-kl’lk = 1 310 ypagHeHue NMPHHUMAeT BHI

de 1)
— = ——dz’, (4.5.9)
£ 1 .
Peiienvem KOTOPOro aBiadAeTcAa
Co
€= ——. 4.5.10

D70 BRIpaXeHHe COOTBETCTBYET peleHH1o (3.3.8). [JanbHedune paccyx-
JeHHS, COBMANAIONINE ¢ WITOKEHHBIMH B rTase 3, HPUBOMAT K paHee
npuseacHHoM dopmyne (3.3.11) 419 KOCMOJTOTHYECKOTO KPACHOTO CMe-
LHEHHA.
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4.5,2. Monaghmi MeTon B MeTpuke Wsapulumnnbia

I. Mockonsky Metpuka HIBapLILHIEAA PACCMATPMBAJIACH B IMATOHANL-
HoM Buae (2.1.28), To oKasblBaeTcs Ge3paiYHbLIM, KAKOH METOI (XPOHO-
METPHYECKHX MM KMHEMETPUYECKUX HHBAPUAHTOB) MCIIONBL3OBATH M
aHAIN3a 3TOH METPHKM B CUCTEME OTCYETA, HENOCPEACTBEHHO BBONNMOK
ONMCAHHEIMM BhIlLe cliocobaMit. BeibepeM MeTOM XpOHOMETPHYECKUX HH-
BAPHAHTOR, TOTIA HMEEM MOHATHBIE COCTARIAIONINE METPHYECKOTO TEH30pa

__l_“y/z_ 2GM' B 1 )
To--To—e ——Vl—W, h“_——_Za‘E’

- == (45.1))
hzz = '."2; h33 = 1'2 SiI'l2 4.

Il. B xpoHOMeTpHYecKH onpefencHHoN u3 Metpukn Ilpapuumisia
B KoopaMHaTax KpHeu3H (2.1.28) cucteme orcuera u3 Tpex (pusuko-
TEOMETPHYECKMX TEH30POB OTIHWYHRIM OT HYRS SIRTASTCA JHINbL BEKTOP
VCKOpEHHS], HMEIOUIHA KOMIOHCHTI:

GM GM
@y = — ~

T WGM s
2 -
er (1 2y )

""ngz"; a;=a3=0, (45.12)

e g = GM /r2 — YyCKOpeHHe CBOGOMHOIO NaleHUs B HbIOTOHOBOH
TEOPMH IPABUTAUMH. TakuM OOpa3oM, XPOHOMETPHYECKH OIpPEIAe/eH-
Hasl B KOODIMHATaX KDHBH3H CHCTéMa OTCYETA XapaKTepH3YeTCH pamM-
ANBHBIM 3HAYEHMEM BEKTOPA YCKOPEHUs, PABHOTO (C TOYHOCTBO 10 KOH-

CTAHTH cz) YCKOPEHHIO cBoGOIHOro manaeHns. OHa OTUCHIBACT SIRNCHNS
C TOYKH 3peHMs 3aBUciueii (HenogBHXHOI) cucTeMbl oTcuera. Hanowm-
HMM, YTO BEKTOD a # 0 03HayaeT, YTO CHUCTEMA OTCYETA HE SBIAETCH
reogeandeckoil. Jins Hac, HaXOUAWMXCA HA IIOBEPXHOCTH 3eMIH, HETEO-
Ie3UdHOCTh HAllel CUCTEMBI OTCYeTa 00eCneuuBaeTCs HEMPABUTALLMOH-
HBIMHM CHIAMHW peaxilud OMNopH. B 3Toil MHTepOpeTaUMM NMPOABAAETCA
NPUHUHAT 3KBHBANCHTHOCTH TATOTEHUA U 3(QeKra HeMHepUHanbHOCTH
CHCTEMBI OTCYETA.

Ill. PaHee orMeuanoch, YTO NPU MCHOAB3OBAHMH MOHAAHOIO METOAR
HaboAaeMBIMH BETHYHHAMH CIIENYET CHUTATh CKANAPSI, TOTA4 KaK BhI-
paxeHue (4.5.12) TAKOBHIM He ABIAECTCH, OHAKO 3TO JIETKQ UCIIPaBHTh,
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COIOCTABHMB PAAMATLHON KOMIICHEHTE YCKOPEHHS CKATAP
G*M?

chrd (1 - ZG;M)
c'T

3aMmerHM, YTO 3TOT CKaaap obpaliaeTcd B GECKOHEYHOCThL HA rpaBu"ra—
LUMOHHOM paauyce UCTOYHMKA MCKPUBIICHMA.

Packiaasipas B psia MO YYHBLIYIOCS HabA ;o.uaemylo BEJIMYWHY, UMEEM
GM G'M?
7 an
T. €. K HBIOTOHOBOMY YCKODEHHK) cBODOAHOTO NajeHWs ¢ A0GaBIAeTCH
INHIITEHROBCKOE YCKOPEHHE, 0BPATHO IIPONOPIIMOHANIBHOE TPEThE cTe-
MeHM paccTOAHMA. OTMETUM pPacXOXKIeHHE C BHIPAKCHUCM LM NOJY-
YEHHON B «KOOPIUHATHOM MPEACTABACHHM» JHHIUTSHHOBCKOH «CHABIY,
yObIBaloLIeH OOPATHO IIPOMCPLMUCHAILHO YeTBEPTOil CrelleHH paccTo-
AHUSA (PATHATBHONA KOOPAMHATH). ITO PACXOXKAEHHE CBA3AHO MMEHHO
¢ KOOPIIMHATHBIM XapaKTepoM YCKOPeHHs B (2.2.22), KoTopae HeoOXOIHMO
nepecynTaTh Ha MHBADHAHTHOE BbIPAXEHUE cornmacHo (4.5.14).

giaph’ = (a)’h" = = a(1). (4.5.13)

ca(l)~ ~ (4.5.14)

V. MonanHbiil MeTON TipeaHA3HAYEH HE NS NMONYYEHMS TOYHBIX pe-
meHult ypaBHeHMI DifHUITEHH], a JHIIb NS UHTEPTIPETAIME METPHK
U 2¢pexToB B HUX. TeM He MEHEE BbLIIKMUIEM B MOHAJHOM BMIE ypaB-
HeHUs DUHINTERHA LIS QaHHOH METPUKH!

Vea* - aka’c =, (4.5.15)
61'“&: + 61&“1’
2

OTCloaa cpasy CNemyeT, UTo ’R = 0. Terxo MoKa3aTk, YTo, HE 3Had BHIA
&yHKIMKM Ay (T), W3 paBeHCTBA HYNIO 3-MEpPHOI CKaIpHON KPUBH3HED
¢ TTOMOIIBIO CTAHIAPTHBIX (HOPMYTT MOKHO TTOAYYHTH YpaBHEHHE

- Q;0; + JR,‘L- = 0, (4.5.16)

P, + b3 — by =0, (4.5.17)
T/ie LITPHX 03HavaeT ouddeperunporanme 1o r. M3 (4.5.17) nonyuaercs
peLIcHHE PN

By = (1 ——TO-) : (4.5.18)

onpeaenaioniee MeTpHKY IlIBapuiliuasaa.
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V. CkansipHad KOMIOHEHT2Z YPAaBHCHHS W3OTPOIIHOH Te0le3uveckoi
{(4.4.8) B MeTpuke llIBapriuwinia umeer BUI

M

dr 2GM
Ariy/1— —
cer

YuuThIBasA, YTO WIA W3OTPOMHOW pagHaNbHOH re0ae3HYECKOM

dr
dr = ,
{ 26M
cir
HAXOIHM A1 3TOTO CJIydad pelieHue
€ .
g=—" (4.5.20)
1 GM
cir

rue £y — KOHCTAHTA MHTErPHPOBaHUS.

VI. Ilpumennm monyyensoe pelreHHe Ana 06backeHua 3dQexra rpa-
BMTALMOHHOIO KpacHoro cMelleHus B MeTpuke Llsapiimmnbaa. [1ycTs
MOAOXKEHNE UCTOYHHUKA CBETA XAPAKTEPHIYETCS KOOPAMHATON T, 8 NpH-
E€MHMK HAXOIHMTCH B TOYKE ¢ KOOPAUHATON Ty > 7y TIDH TEX Xe 3Haue-
HHSIX YIJIOBBIX KOOPAHHAT, TOTAZ, COTAAcHO (4.5.20), HMeeM
€0 £
o= , el AR G
CZT] 627‘2
T. €. CBET, IPUXOIAIHUA B O0Tee YIATCHHBIC TOYKHM, byaeT HMETh MEHb-
IIYIO SHEPIHK) K, COOTBETCTREHHO, YacTOTY. JIpyTHMM CTOBAMH, CHOEKTP
MPHXOOALIETO UATYYCHNS OYIeT CABHHYT B KPACHYIO CTOPOHY T10 CPaBHE -
HHIO €O CMEKTPOM aHAJIOTHYHOTO HATYUEHHS, HCITYIIEHHOTC B TOUKE Ha-
omoneHuss. OTHOCHTEIbHAR PA3HOCTE YACTOT ONpeIeAseTes POpMynon

(4.5.21)

Eg"E]mVQ-Vlw GM(T;—TI)

(4.5.22)

€y 14 czn'rz

B Teopuu TaroteHns HbloTona KpacHOE cMeLIeHWe CITIEKTpa B pac-
CMATpHMBaeMOM MPHOIMXKEHNH OTIpenensercsa TOH Xe BeNWIMHOBR. JTtoT
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ahekT MOXHO TPAKTOBaTh KAK TIOTEPI0 SHEPIMU CBETOM [Py NIPEOIO-
JACHHUY HEIOTOHOBA FPABUTAUHOHHOTO NPUTSXKEHHH, T. €.

EIGM (ry— 1)

£ — €y = —mgAh~ —
g pE: 2

(4.5.23)

4TS He CJIMINKOM OONBIIOro MEpenana BEICOT, KOTAa © ~ 1) ~ 73, 34ech
psenena addexTHeHag Macca hoToHa, cormacHo GopMyiam

b
gy =mc = hv.

TpaBUTALMOHHOE KPACHOE CMELIEHME UMEET MECTO M B TeX CAYUasX,
KOLIa CBET MIPUXOAHT Ha 3eM/II0 OT 3BE3Mbl, HAa [IOBEPXHOCTH KOTOPOH

Mipeaam M JeMnu

. 4.5.24
Ripesnu R3ewm ( )

4.5.3. MoHapHuiit MeToA B MeTpuke Keppa

Jnst meTpriki Keppa, 3anHCaHHOR B OTHOH W Toit e KOOPAMHATHOM CH-
creMe Boitepa—JIMHAKBUCTA, MOXHO ONIPEACANTE XPOHOMETPUUECKHM
M KUHEMETPHYECKHM CMOCOGOM fIBe Pa3nvyHble CHCTEMBI oTcdera. Pac-
CMOTPUM KX OTAEJIBHO.

I, B xponomempuneckum cnocobom onpedeaennon cucmeme omeuema co-
CTARNAIOINE MSTPHYECKOro TEH30pA UMEIOT BUA!

e 90 _ rg o f'gmsmlB
\ - o rg 3 s \/_'rg

P

P Ay
—~ 0 0 — 0 0
A p? l
h,‘k = 0 pz 0 ) hik = 0 ;2- 0 s
0 0 pPAsin? 4 - pr—r,r
o1yt prAsiné

(4.5.25)

Tie MCTONB30BaHE 0DO3HaAYeHVA:

2
pP=rliatcos’s, A =r'+al—r,r
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ITo opmynam (4.2.12) HaXOAMM KOMIIOHEHTH BEKTOPA YCKOPEHMUS

2 2 2 2y
o = rg(p? —2r%) az__rg(p — 2r’)sin 26
T 9p2(n? ! - 2
200 1y7) 20257 — 1q7)
M KOMTTOHEHTHI TEH30pa YTAOBOI CKOPOCTH BPALIEHHS CHCTEMB] OTCYETa:

a3 =0, (4.526)

rea(p? — 2r?)sin? 9
2007 - )
e = — ryrad, sin 26
B 2p(p —rgr)

TeH3op cKopocTei aedOpMaIIHif TOXACCTBCHHO paBeH HyMo dy. = 0.

wp=0, w3=
(4.5.27)

Il. B xunemempunecxunm cnocobom onpedesennoii cuciteme omciema Ha-
XOIMM C/EAVIOLIME 3HAYEHMA COCTABISIOLIMX METPHUYECKOTO TEH30pa;

—g——-—-?“pZAl' 'r“:{ 2 0;0; — L2 }

Tw = » U0
# N7 NZIN VIIAA,
2
p/Br 0 0 (4.5.28)
hfk = O pZ 0 . L}
v 2 8
0 0 A sin
P
e
A, = pA(r* 4 a®) + ryra’sin’ 6.
Otciofa noiryyaeM 3HaueHUst U3NKO-TEOMETPHYECKIX TEH30POB!
Ty 2, 22,2 2 2 1, 2.2
@ =——"-—|(r"+a)(a"cos@—r)+2rr,a”sin”8|;
1 2p2A;A2[( +a)( ) [} ]
a’sin 20r,7(r? + a?)
= . ay=0. 4.5.29
aa 2p2A7_ az ( )
diy = —rya[2r%(r’ + a®) + p2(r* - %)) _ﬂ;
2024/ pIA A
rora’ sin® 8 cos /A
dypy= g ! ! i djp=dp=dn=dn=0. (4.5.30)

vy
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Tensop yra0BOR CKOpPOCTM BpaliEHWS, OYEBUIHO, paReH HYO.
JIeTKO BHAOETh, YTC 3TH 3HA4YeHHH (PUIMKO-TEOMETPUYECKMX TEH3OPOB
CYILIECTBEHHO OTNUYAETCS OT AHANOTHYTHBIX BRIPAKECHHI B XpOHOMETPH-
4YeCcKoil KanubpORKe.

KoHTponbHbie 3aaaHus

1. Tloxasars, YTO TpeobpasoBaHHeM KOOpAMHaT BWaa (4.2.7) METPHKY
papuuiibIa B KOOPIMHATAX KPHBHIH MOKHO NMPHUBECTH K BHIY

dr?

e

(3(:-2 )) r23(df” +sin’ B dy?).  (4.5.31)

ds® = (dz")* -

B cicteMe orcueTe, XpOHOMETPHYECKHMM 00pa3oM TIOMYIeHHON U3 JaH-
HOW METpHMKH, HAWTH (U3IMKO-TEOMeTPHUECKHE TEHIOPHI.

2. B cBoGogHO mazamonieli CHCTEME OTCHETA, XPOHOMETPHYECKM 0bpa-
30M moryserHon 13 MeTpiky [Upapuumaeta (4.5.31), HalTh Bpems
TOCTICKERHA TIPOGHBIM TEIOM FPARATALHOHHOTO pamuyca {panHaib-
HOTO TTaAACHHSI M3 HEKOTO HAYaNbHOIO NOJOXEHUS 1| > 7g).

3. B metpuke Keppa nocrponts H3 HHIMKO-TeOMETPHYECKHUX TEH3IOPOE
MHBApPUAHTEI agak, d= -—d,-m“ Hw' = w;kwi" B XPOHOMETPHUIECKOU
¥ KHHEMETPHYCCKON CHCTEMAX OTCUETA W CPABHMTE X APYT C APYTOM.

4" Haittn (pHINKO-TEOMETPHYECKHE TeH30PHl B OSHOPOIHOH aHH30-
TPOTIHOM KOCMOMOTHYECKO#H Momenw (¢ BpaieHvweM) Tezend, oru-
CHIBagMo# METPHKOIH

i
ds’ = (da’)’ ~ o’ + ey’ — de’ 2" dx’ dy,  (45.32)

rae A — KOCMOROTHYECKAas MOCTOAHHAA.
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llpumeHeHmne MOHaAHOro MeTroaa
Ana aHanu3a npobnem OTO

Kak yXe HeOZHOKpPATHO OTMEYANOCH, TOABKO OJarojaps MeToaaM
33JaHHA CUCTEM OTCYETA OBIIIas TEOpHsT OTHOCUTENIBHOCTH IpHobpeTaeT
CMBICHT, 3aKNI0UeHHBIN B ee Ha3BaHVM. TOIBKO Ha MX OCHOBE OTKPRIBA-
€TCs BOIMOXHOCTb KOPPEKTHOI0 aHANK34 PiAd NPUHIIMITHATBHEIX TIPO-
OneM oBLICH TEOPUHM OTHOCUTENLHOCTH. K TAKOBRIM NPUHATO OTHOCHUT,
BO-TEPBRIX, MPoDIEMYy 3aKOHOB COXPAaHEHH, BO-BTOPbBIX, ONpelcIeHHUE
IPaBUTALMOHNBIX BOJH, B-TPETHUX, PAI MPOOIeM, CBASAHHDBIX ¢ KBAHTO-
BaHMeM IPaBUTALMH. Bce OHM TECHO CBa3aHbl MeXOy cofoi, mpuueM
HEHTPAILHOS MECTO 3aHMMAET MpodJieMa ¢ 3aKoHaMu coxpadeHus B OTO.

§5.1. 3akoHbl coxpanenuns B OTO

MoHaIHbIiF METOM OITHCAHMS CHCTEMEI OTCYETA ITO3BONAET B KaX-
IOMA TOYKE BLUICTUTH M3 IUIOTHOCTH TEH30PA SHEPTUH-HMMITYALCA Ma-
Tepuu Ty, IUIOTHOCTH HAONIOAAEMOH SHEPTMM £ W TLIOTHOCTH MOIYJIS
noaHoro uMnyasca P

p=T"11; PY=-hin,T"; P=,/-hogPePP.  (511)

EcaM cHCTEMA OTcYeTa HOpPMAIbHAA, TO UMEETCH CeMeHCTBO 1po-
CTPAHCTBEHHO-TIOQOOHBIX TUMEPIIOBEPXHOCTEH, OpPTOTOHANBHBEIX KOH-
TPYIHIIMHA ee MUPOBBIX AUHWIL. Jna moBol Takoi THMepnoBepXHOCTH
MOXHO HaWTH CYMMApHOE 3HAYCHUE 3HEDPTHU MaTepHH, TaK Kak ofpe-
JeNieHHasA BHILIEe TLTOTHOCTh 3HePTHH ABMACTCH CKAJAPOM, 4 MEPeHOC
CKansApa He 3aBUCHT OT ITYTH:

E:f«/—gT“"Ty d@Ef«,/——gP“ doy. (5.1.2)
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TIpofineMa BUOMTCA B BONPOCE; MOXHO JIM BBECTH 3aKOHBL COXpa-
HEHWsl DHEPTMU, MMNYABCA U MHBIX BEAMYMMH B MCKPUBIEHHOM NpO-
cTpaHCTBe-BpeMern? Ha OesycneiwiHpie NOMBITKM €€ pelieHusA OBUIo
3aTPAYCHO YPEe3BbIYaiHO MHOIO YCHIMH, TMOCKOABKY, KAK OXHUIAIOCH,
TaK WIM HHAYE ONpeleieHHble IPaBMTALMOHMbBIE BOJHBL M MX KBaH-
THI (€CJ1H OHH CYLIECTBYIOT) ZOJDKHBI 06/1a1aTh SHEPIUed U UMOYIBCOM
(cM., Hanipumep, [7]). TlocmenHKe Xe UMEIOT CMBICT AMLIb B CBSI3M C 3a-
KOHaMH COXpaHEHMUH. '

5.1.1. Cutyaumna ¢ 3aKoHaMM COXpaHeHus
aHeprum ¥ umnyneca 8 0TO

|. HanomuuM xir0ueBoe BLIpaXEeHHE, U3 KOTOPOTO BHIBOISTCS 32KOHBI
COXpAaHEHMSl IHEPTMH M HMITY/IECA B TIOCKOM IPOCTPaHCTBE-BPEMEHU
(B NeKApTOBbIX KOOPIMHATAX):

T
Filiod

roe T#” — TeH30p HEPTHM- UMITYIECA MATEPHH. 3aTlMCAB MHTEIPANL OT je-
BOM 4aCTH 3TOIC BRIPaXECHWA MO 4-MepHOMY 00BEMY, C IIOMOIIBI) TEO-
pembl OcTporpaackoro— [aycca MOXHO nepeidTH K HHTETPUPOBAHHUIO [I0
3-MepHOK PUNIEPIIOBEPXHOCTYH, OTPAHHYMBAIOIER BLIOPAHHLIA 4-001beM.
beps B kayecrse 4-0bbema 001aCTL MPOCTPAHCTBA-BPEMEHM, JAKIIIOYEH -
NYIO MCXKITY OIBYMS MPOCTPAHCTBEHHO- MOIOOHKIME THIEPIIOBEPXHOCTAMH

=0, : (5.1.3)

3{()1) = CODS[“) H 23((]2) = CODSt(z)

{cM. puc. 5.1), H [ojarasi, YTo Ha NPOCTPAHCTREHHON TUTIEPTIOBEPXHO-
ctu B GeckoreurocT T = (), MoNygaeM 3aKOHBI COXPAHEHMSL:

fT””da,, - [T‘“”da,, =0 - /T’“Dd:‘:s = P* = (const)”,

0 0

‘o o (5.1.4)
3nech ¢, — 3AEMEHT THIIEPNOBEPXHOCTH, BKITIOYAIOMIHIT B Ce6s1 BEKTOp
CHMHUIHOW HOpManM K 3TOM TMNEepmOBEpXHOCTH. 3HAK MWHYC o0y-
CHOBNEH TeM, YTO TIpU 00X0je MO BCCH TUTIEPHOBEPXHOCTY, OTPAHM-
YHBAWOIIEH 00BEM HHTErPUPOBAHUS, HMEEM TIPOTHBOITONOXHLIE 3HAKH
HOpMaJIn, ’
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0

F 3 m
0
Z2)
< >
0
Z(1)
0 ¥

Puc.5.1. Buifiop 4-MepHOro o6bemMa ANA NOMYYEHUA 23KOHOB COXPaHEHNS
B UIOCKOM MPOCTPaHCTBE-BPEMEHH

Il. Ha ceTyauuio ¢ 3aKOHOM COXpaHEHHs IHEPTHH M HMITY/TRCA B OBLIEH
TEOPHH OTHOCHTCTBHOCTH MOXHO B3TSHYTE OA HECKOMBKAMM YITaMK
3PEHHS. .

B MCKpMBJIEHHOM IIPOCTPRHCTBE-BPEMEHH COOTHOIEeHUE (5.].3) non-
XHO GBITh 3aMeHEHO Ha KOBAPHAHTHOE BBIPAXCHUE

1 &/=gT™)
v-g 0

paHee MCTIOAL3OBAHHOE TIPM 3aITUCH ([IOCTYIMPOBAHWM) ypaBHEHMIA Diin-
wreiina, Oauako, 3T0 BHIpaXeHHe B OOWEM caydae He COOTBETCTBYET
COXpaHEHHIO KaKoW-TH0O BEIMYMHE, TaK KaK AJII NepexoJa K MHTeTpH-
POBAHHIO IO THIEPIIOBEPXHOCTH HeOOXOIUMO HMETh OOBIYHYIO, @ HE KO-
BapHAHTHYIO IHBepTEHRIIMIO. «JIMITHUM» OKAa3bIBACTCH IMOCNEIHUIH WIEH
cripaBa. TakHM 00pa3oM, 8 HCKPUBAEHHOM NPOCMPAHCIMGE-BPEMENN, 60001
2060ps, 3aKOHb COXPAHEHUR FHEPEUN U UMAYALCA OMCYMCMEBYIOM, Moynee,
MepaIom cMbca.

Vy THV == 0

+TETY =0,  (5.1.5)

11l. Odpyroe obbscHeHHe OTCYTCTBHMA 3aKOHOB COXPAHEHMS 3HEPTHH
u uMnyiasca 3 OTO cocToMT B CNEMYIOLICM: YTOOBI IPOUHTEIPUPOBATh
HEKYIO BETHYHHY, HeOOXOIMMO CHECTH €€ 3HAYEHHA B OAHY TOUKY, O/[Ha-
KO /151 TEH3OPHBIX BEJIMYMH MOI06Has ONMEPALMs 3aBUCHT OT MyTH Tepe-
HOCa M3 OIHOM TOYKH B APyTyio. I1peANpHHUMATHCE TOTBITKH PEIINTL
NpoGieMy 3aKOHOB COXPAHEHHS MOCPEACTBOM KOHKDETH3ALHH ITyTeH
nepeHoca, HATIPHMED TI0 TEONE3MHECKUM NuHUSAM. ONHAKO MpH 3TOM
BO3HMKAIOT JIPYTHE TPYAHOCTH, CBASAHHAIE C TEM, YTO BO MHOTHX KOH-
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KPETHBIX CUTYALMAX MEXKIOY MApOH TOYEK MOXHO MAPOBECTH HECKOJIBKO
IreOIe3HIECKHX TUHUH,

IV. 3ametnM, 4To caMa MCKPHRIEHHOCTD TIPOCTPAHCTRA-BPEMEHH ELIE
He 03HayaeT BOOOILIE OTCYTCTBMS 3aKOHOB coxpaHedns. Tak, 8 OTO
MMEET MECTO 33KOH COXPAHEHMSA JEKTPHYECKOTO 3apfAla. DTOT 3aKOH
B IUIOCKOM HPOCTPAHCTRE-BPEMEHM ODBIYHO CBSI3BIBAETCA C COOTHOIIE-
HHEM, TOTOGHEM (5.1.1):

aj”
= -1
L0 (5.16)

e j° — BEKTOP IUIOTHOCTH 4-MEPHOTO 3MCKTPHYECKOro ToKa. B Hc-
KPHBRISHHOM TTPOCTPaHCTBE-BPEMEHH MMeEeM

1 3(v=gi") _
= =0, (5.1.7)

OTcloa NONMYYaeTces 3aK0H COXpaHEHWs 3apsiia

f (Vi) —gdx= f V—9i’do,=0 — f \/—gj7"do, = const.
v (5.1.8)
3aMeTuM, YTO B IAHHOM CJIVYae MHTErpHPYETCS He TCH30pHaA BEANTHHA,
a cKansap j”n,,, T. €. BEKTOP TOKA, CBCPHYTHII ¢ HOPMATBIO K TUTIEPIIO-
BEPXHOCTH. B kaveCcTRe HOpPMAJM MOXET BHICTYNATh MOHAla 1, = T,
B KYHEMETPUUECKOH KanubpOBKE.

Vi =0 =

5.1.2. NMpou3asogHbie Jin 1 MoHaaHbIR onepaTop
BpemMeHHoro g epeHunpasaHna

Ha oTcyTcTBHE 3aKOHOB COXpaHEHMS SHEDPIMM, MMIIYIIbCA MM MOMEH-
Ta MMIYILCA B 0OLICH TEODHH OTHOCHUTEALHOCTH MOXHO BI[VIAHYTH
€ MO3MLHNA CHMMETPUI NpPOCTPAHCTBEHHO-BPEMEHHOIO MHOTCO0pa3us.
OOBIYHO B IINIOCKOM MPOCTPAHCTBE-BPEMEHH 3TH 3aKOHbL! CBA3LIBAIOTCSH
COOTBETCTBEHHO € OAHOPOLHOCTLIO BDEMEHH, IIPOCTPAHCTBA HIIH C H30-
TpomHell nmpocTpaBcTRa, B obmieM ciyyae MCKpHBICHHEIX MHOTooDpa-
3M CBOMCTBA CUMMETPHH HEOOXOAMMO TPAKTOBATh HA S3BIKE BEKTOPOB
Kiwumunra.

Tlpu oGCYXIeHWH pelleHUi ypaBHEHWt IWHIOTeHHA B Iiiase 2
HCTIOTB30BATHCH TTOMYHHTYUTHBHBIE TPEICTABICHUS O CUMMETPHAX PH-
MaHOBBIX TpocTpaHcTB. B nuddepeHuHATEHON reoMeTpuy pa3paborado
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Boaee crporoe onpeneieHde CUMMETpUUd. OHO ONMUPAETCA HA MOHSATHE
(onmepaumio) dughhepenyuposanus Jlu, TECHO CBA3AHHOE C MOHATHBIM
METONOM. MI3I0XUM OCHOBHLIE CBEICHUA O MPOUIBOAHLIX JIM,
{. Iycts B pUMaHOBOM MHOTOOGPA3MH 33/AHO BEKTOPHOE TIONe (MOHana)
¢¥, Torna MOXHO ONPEeNENNTDh TeH3OPHBIA OnepaTop S, HasbIBAEMbLil
npou3sBonHON JIM BAON BeKTopHOTo Nona £

$)By. = €'V,Bg - Bg V& = B,V +-, (5.1.9)
rie Bp |, — mpoussonbHbli TeH30p, V; ~ OMepaTop KOBAPMAHTHOTO
FutGepenuupopatus. PaciucuBan a8HO oliepatop V, JErko NpUBECTH
ApoM3BOAHYI0 JIM K GojIee IpOCTOMY BHIY
R 9

b gge “Oxf

. K nponssonneiM JTu MOXHO HpHIITH, paccyXaas CACIYIOUIMM 06-

pasoM. TIycTb B OKpeCTHOCTHM TOYKM C KOODIWHATAMH ' OMpeieneH
TIpou3BoNbHBI TeH3op By . (z”). TIpou3sseser GecKOHETHO MANOE CMe-

WeHHe BAONE BekTopa £° Ha BeanunHy dA:

BB;;
pees B ..
SoBs. =& — — e+ BYI S+ (5.110)

= 7=z +¢%dA (5.1.11)
1 PACCMOTPHM TEH30D ¢ M3MEHEHHBIM apryMeHTOM
OB

BE (27 +¢7d)) =B5 (z") + ¢

" dA, (5.1.12)

TloHuMas 3Ty BENMYMHY ONpedeNeHHOft B cMcTeMe KOoOpAMHAT {z'},
npeobpa3yeM ee B NMEPBOHAYANIBLHYIO CUCTEMY KOODIHHAT {2}

y.. Oxz¥ 0@
'Bﬁ.._=W--- 507 v B¥ (5.1.13)
rae cornmacHo (5.1.11)
oz'™ dzY
2eF = g + &5dA; preie b, — &LdA. (5.1.14)
Pa3HocTs TEH30pOB
By — Bl = 5 Bs.ldA (5.1.15)

HasbiBaeTcd guddepenitnanoM JIn ot TeH30pa BEI .. OTHOCHTENEHO BEK-

TopHoro nois £°. Yaurwsas (5.1.12) w (5.1.13), NpHXOIHM K BbIpaxe-
HH1O (5.1.10) 14 npounssoaHoi Jin.
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IIl. IMepeuncnuM ocHoBHbIE CBOKCTBA MPOM3BOAHBIX Jlu.

1) IlponsponHas JIu OT cyMMbl BETHYMH OIMHAKOBOTO COPTA pPaBHa
CYMME€ IPOHU3BOAHDbIX JIn ot cnaraeMpix.

2) Jina npouseoanex JIM o1 npousseAeHWS BenwdMHH 4 u B cmpa-
senBo npasunio Jeibrnna $g(AB) = (5 A)B + A3 B).

3) HponasonHag JIH OT TEH30PHO# TNOTHOCTH MPOU3BOJIEHOTO Beca w
TAKXKE ABMACTCH TCH30PHON WIOTHOCTBIO TCTO XE Beca.

4) [poussomas JIu oT cuMBONOB Kpuctoddens oupenensercs yka-
3aHHBIM BEBILIE COCOOOM M SAABTAETCH TEHIOPHOM BETHYHMHOIA.

IV. B Monaanoum metoae, e 3a1aHo BpeMEHU-TIOZOOHOE NONE BEKTOPa
7" npousponubie JIM UrPaOT YPE3BLIYANHO BAXHYIO POIb, — 4€Pe3 HUX
OTpPEREAsCTCS MOHAIHbIH ONepaTop BpeMeHHOTO AndepeHUNPOBAHHKS.
Yr1obbl 3T0 MPONEMOHCTPHPOBATL, 3allMilieM MPOM3BOAHBIC JIM BAOTL
noss £ = 7 oT cocTaRARIOUIMX METPUYECKOrO TEH30Pa

STy = T T + 10Tl = T (The — To ) = au;
Sy luw = T By + Rou Ty + Bus 7y = 285 (5.1.16)
Siyur = Tvip + Tiew = Toy + Ty — 2y
W3 onpenenenua (5.1.11) u 3armMcanHpIX GOPMYI CACAYET, UTO oepamop

MOHAOHGI 6peMentoti npou3aodHoil npedcmagnnem coboil CRPoeKmupoGaHHYI)
Ha 3-MepHoe cenerue npou3so0Hyio Jlu 60oab epemeru-nodobHoz0 sexmopa T.

5.1.3. Bexroptl KnnnuHra n 3akonw coxpaHenus B OTO

I. Hcnons3ys npousponHbie JIH, MOXHO ONPENENHTH NOABUKHOCTE PH-
MaHOBa MHOTOOOpa3usa. [OBOPAT, YTO pPUMaHOBO MHOTOOBpA3INE donycka-
em dauncenue (nodeuncHo) 60oab eexmoproeo noas £, ecin npousponHas
JIu oT MeTprYecKoro TeH3opa Bioab £ obpalaetcs B HyNE:

o, B, 0
Gov gn T Ino G

S0 = ¢ = 0. (5.1.17)

Hcxoma w3 cmbicna mpowasonHoit JIu (5.1.15), MoxHO cKazaTe. mo-
ABUXHOCTD MHOTOOGPa3NA O3HAYAET, YTO M3MEHCHHAS TIPH CMELLEHUH
(5.1.11) metpHka g, (z') ROMKHA GLITH TOYHO TAKOH Xe ByHKIMCH ap-

!
TYMEHTa T, 9TO W TIEPBOHAYATbHAas QYHKUMA @, (Z) €e HaYaTbHOTO
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apryMeHTa z, T.¢€. g,,(z') = g,.(z). Jerko ybenutses, uro (5.1.17)
MOXHO 3aIIMCaTh KHAYE:

309w = bvip +€uv = 0. (5.1.18)

YpaeHenus (5.1.18) HaswBatotcst ypasenusmu Kudaaunza, a sextop £°,
YOOBIETBOPAIONINEA YpaBHeHHMI0O KMnunra, — gexmopom Kunaunea.

H. He BcAaxoe mpocTpaHCTBO [OMYCKaeT pellleHHe ypaBHEHMH K-
JUHra, T. . 00Mamaet BeKTopamMu KIWUTHHIA, a cAefoBaTellbHO H CHM-
MeTpuAMH. OIHAKO MOXET CAYMUTBCH, YTO PUMAHOBO MHOroobpasue
JIOTYCKAET HE ONUH, 4 HECKOMbKO BeKTOopoB Kiuutunra. Ecau B puma-
HOBOM MHOT0Q0pa3Mn MMEETCH HEeCKOIbKO BeKTOpOB KHIAMHIa, TO UX
JMHEeHHass KOMOUHALIMA ¢ NPOU3BONbHEIMU MTOCTOSHHBIMH KO3phuumn-
€HTAMH TakKe ABiseTcs BeKTopoM Kiouinkra, DTo cjieayeT M3 aMHei-
HOCTH ypaBHeHu#t Kuuiunra (5.1.17).

MaKcHMaIbHOE YHCNIO BOIMOXKHBIX ITHHEWHO-HE3aBHCHMBIX BEK-
topos Kuwinuara (He B ToUKe, a B MHOroo6pasun)

1
N:@,

s n = 4 MakcuMainbHO# CUMMETpHel 00ManaeT NPOCTPaHCTBO-BPEMs
Munkobckore. Jecsats BexTopoB Kunaunra cootBercTByloT 10-napa-
MeTpHYeCcKoif rpymme ITyankape.

(5.1.19)

Hl. B yacTupix MeTpukax, o6nanaroimx sekropamu Kuumtra, MoxHo
BBECTH COOTBETCTBYIONIHE HM 3aKOHR! COXPaHEHMs . JIeCTBUTENLHO, YCTD
B PACCMATPHBAEMOM WCKPMBICHHOM (POCTPAHCTBE-BPEMEHH HMEECT-
ca BekTop Kwinnnra §,. TocTpouM BekTop P =T ”{u. CornacHo
(5.1.11) v ypasHenusim Kunmnra (5.1.18) atot BexTop ynosnerpopser
COOTHOLIEHIIO

T (Vby + Vil)
2

T. €. HMeeM cpoiicTBo P”, ananorudnoe (5.1.7) w1 BeKTOpa IIOTHOCTA
toka. OTclona caeayeT 3akoH coxpaHeHns, Ecaw pextop Kwuinnra &,
BpEMEHU-TIOIO0EH, TO MOXHO rOBOPHTE 0 3AKOHE COXPAHCHHS SHEPIHH,
€CJIH OH MPOCTPAHCTBEHHO-TIOA0GEH — O 3aKOHE COXPAHEHHST MMITYJIbC
MIH MOMEHTa WMnyabca. [IpH oTeyTCTBUMH BektopoB KWmnuHTa HeT
CMBICIA TOBOPHTH O 3aKOHAX COXPAHCHHA IHEPrHA U MMIYNLCA,

V,.P' = (V,T")¢, + T*(V,t,) = =0, (5.1.20)
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IV. Mcxona 43 UanoXEHHOTO, MOXHO YTBEPXIATh CEOyIOLIee:

¢ Ocrapasich B paMKax liapajurMbl oOuieit TeopUH OTHOCUTENLHO-
CTH MOXHO WTHOPHPOBATh OTCYTCTBUE TEX MM MHBIX 3AKOHOB COXpaHe-
HUA. UX OTCYTCTBUE HE CACAYET TPAKTOBATh KAK HAPYUICHHE 3THX 3aKO-
HOB, 4 03HAYAET JHIb MOTEPI0 UX cMblcia. JTs KOHKPeTHO 3aJaHHOM
KJIaCCHYECKON CUCTEMBI MOXHO TIPH TIOMOIUM YpaBHCHUHR DifHIuTeitHa
paccYMTaTh METPHKY NPOCTPAHCTRA-BPEMEHH, NIOCPEICTBOM YPABHEHM I
reoae34eckKnx TUHUH (ypaBHeHui& DBMXKEHMA) HalTH IBIKEHHE OT-
JeJIbHBIX TeJ B 3TOH METPUKE K C [IOMOILBIO MOHAAHOTO METOAA NIpO-
HHTESPAPETHPOBATL IIONYYEHHLIE PE3YALTaThl B UCNOALIYEMOH cUCTEME
OTCYELTA, B TOM YUCIE H MONYYHTh 3HAYEHHS SHEPrHy M UMHOY/ILCa pac-
CMATPUBAEMON MaMEPUAAbHOU CUCTIEMBI.

# 3aKoHBI COXPAHEHUS SHEPIUM Wi UMITYIbCA CIIPABEANMBEL B HC-
KPMBICHHOM IIPOCTPAHCTBE-BpeMeHH NUlb TOrRA, KOTAA OHO 06aa1aeT
COOTBETCTBYIOHIMMU BekTopaMu Kuuiunra,

¢ TlpoGieMBl BOZHMKAIOT JHLIL NPW TONBITKAX PELUEHUS HEKOP-
PEKTHO moctaBieHHBIX 3anay B OTO, kak npasuno, obOYCIOBIEHHbLIX
CMELUEHHEM NOHATHH H NPHHUMOOB K3 PA3HbIX MeTadHIMYecKux na-
paaurM. B 3THX cioyyasx WHOTIA MOXET 0Ka3aThésA YAOOHLIM HCNOMB30-
BaHHE HEKHX BCIIOMOTATEAbHBIX [IOHHTHH, COOTBETCTBYIOLUIMX SHEPTHH
1 MMIYALCY «PABMTALMOHHOTO TIONA», OOHAKO TIPH 3TOM HE Caenyer
3a0BIBaTh 06 X YCNOBHOM XapaKTepe, He MEPEHOCHMOM aBTOMATHYECKH

3a TMPeAcibl YCIIOBHIA pelnaeMoif 3agavn.
1
KoHTponbHbie 3afaHHUs

1. Tokasate, wyro B Merpuke llpapimminsia (2.1.28) (B Koopavua-
Tax XpusH3H} Bekropamyu Kuanunra asasioTea BpeMenu-TogoGHLIR
BEKTOD

&) =11,0,0,0}, (5.1.21)

NO3IBOJISIOLINE FOBOPHTD O JAKOHE COXPAHCHUS SHEPIUH, H TPM IIPO-
CTPaHCTBCHHO-TIONOGHBIX BEKTODA:

ff‘u) = {0, 0, sin ¢; ctg 8 cos p};
fé) = {0, 0, — cos p, ctg # sin ¢}, (5.1.22)
&y =10,0,0,-1},

COOTBETCTBYIOIIHE U3OTPOIMTKRY TPOCTPAHCTRA W O3HAYaKUIHe HAMH-
YHE 3aKOHOB COXpaHCHWA MOMEHTa KOJTMYCCTha IBUKCHUA,
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2. [oxaszare, 4ro B Metprke Keppa uveioTes nBa Bekyopa Kwuinnra,
Hawtu ux.

3. Hatitu BekTopw Kwinunra 8 Merpukax ®puamana,

§5.2. NcesaOTEH3OPHLIA Noaxon
K 3aKoHaM coxXpaHeHun

JHEPTHA ¥ HMIIYILC ABIAIOTCH BAXKHCHIIMMH TTOHATUAMHA dn3nku
H 3aHUMAIOT BaXHOe MECTO B COBPEMEHHOM TEOPHWH MO BCACACTBHE
3aKOHOB WX cOoXpaHeHW4. OTCYTCTBME JTHX 3aKOHOB B MCKPWBACHHOM
MPOCTPaHCTBE-BPEMEHH, 110 MHEHHMIO MHOTHUX (DM3HKOB, BHI3BIBACT pAd
TPYAHOCTEH, B MACTHOCTU [PH OIMMNCAHUM SABJICHUN KBaHTOBO# TeOpUH
WM OXHAAEMBIX IDABUTALMOHHEBIX BOMH, TIO3TOMY 3HAYMTENLHBLIE YCH-
AMsL HeclieoBateneii GbUIN HalleieHBl Ha («HAaCHABCTBEHHOE» ) BBEIEHHE
[TOHATHS 3HEPrHU M MMIIYJIbCA [PABMTALMOHHOIO IOMS, YTO MO3BO-
JMIO Obl, HANIEPEKOP HINOXKEHHOMY, OCTaBUTL B reoMeTpHtecKoii ma-
pagMIMe 3aKOHBI COXpaHeHWs ITHX BesinudH. EcTecTBeHHO, 4TO peyb
MOrJ1a HATH JTHUE O HEKOM TIOAOOHM IOHATHH SHEPrHM M MMITYJbCA,
OMUChIBAEMOM TAK HA3bIBAEMBIM NCEBIOTCH3OPOM 3JHEPIMd-MMIY/IbCA
FPaBUTALIMOHHOIO Itonsd. OOCYIMM CYTb JAHHONO HallpaBRI€HHA HCCIE-
ROBaHWiA H HEXOTOPKIE BAPHAHTEI PELUEHMS, BhI3bIBABLUIME B CBOE BPEMS
OONMBIIOH MHTCPEC.

5.2.1. CyTb nceapoTeH30pPHOrO NOAXOAA

TceBaoreH30pHBIN NOXEXOA OCHOBAH HA CACHYIOLLEM LIMPOKO MCIOAbIye-
MOM JIPHEME B TeOopeTHYeckoid (puanke. M3BecTHO, YTO B HBIOTOHOBOH
MEXaHUKE B 00UEM CIy4ae HE COXPAHACTCA KMHeTuueckas 3deprus T
MEXAHUYECKON cHCTeMbl, ONHAKO 3aKOH COXPAaHCHHA FHCPTHM YIAeTCs
«CIIaCTH», BBE/S MOTEHUHUANbHYIC SHeprio I MaTepyHanbHBIX 0OBEKTOB
TaK, 41O
dT+U) -
dt

DiHWTE#H ¥ pAN APYTMX aBTOPOB B CBOE BpeMsl NMPELNOXW/IN aHa-
JIOTHYHBIH METON B HCKPHBIIEHHOM IPOCTPAHCTBE-BPEMEHH: CHEIHyeT
TpeGoBaTL COXPAHEHMs IHEPTHU U UMITY/ibca P¥ matepuu BMecTe ¢ 10-
MOJTHUTENLHEIM WIEHOM p” | OHMMAEMBIM KAK 3HEPTHA-HMITYNIBC TPa-

0, (5.2.1)
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BUTaUMOHHOrO nous. Toraa BMecto (5.2.1) caeayer nucars:

oTH  B(TH + t#) 0 (5.2.2)
dxr Az’ ’ -
Iie HETEH3OPHBIH 106aBOK " HA3LIBAIOT NCEBOOMENIOPOM SHEPUU-UM-
nyAbeca epasumauonnozo noaa. OueBMIHO, uro ¥ He MOXeT ObITh TeH-
30pOM, TaK Kak AeHCTBHE HETEH3OPHOTO onepaTopa 8/6z" Ha teH3op-
HYIO BeJTMMHHY HE AaeT TeH30pa.
Pasbepemcs, yTo o3HayaeT sennyuna . Jing 3Toro nepenuiuem
ypaBHeHHa JifHluTteitHa B (opme

-9 (R"” ! "R ):(_Q)NTW, (5.2.3)

@ 2

rae N — lenoe WiH NOJYHeR0e YHCIo, H pa3obheM JEBYIO YacTh Ha JBa
C/IaraeMpix:

- (- 30"R) =" - 0"t (524

® 2

CooTHowenue Buaa (5.2.2) srinonHAerca, ecan O umeer sui:

OhpvA
9'“” = %A—’ (525)
tne h* A= W 1ak HaasIBaeMBLI CyneprOmEnuuan SpasUMaRUOH-
no20 noas. Toraa o4eBMIHO, YTO
a [ ahA
927 ( a0 ) o [(—g)" (T +t*)] = 0, (5.2.6)

T. €. HOPMaNbHO NoAyYeHA HyXKHas GopMa 3aKoHa COXPAHEHWS DHEp-
THH-HMIIYIIbCA.,

Kazanroch 1, npobieMa ¢ 3aK0OHaMM COXpAaHEHUMA pelieHa, OJHa-
KO BBeJeHME TAKMX BEJHYMH BHI3bIBaeT PAd HOBBIX npodneM. Iipexane
BCETO, 3T0 HEOAHO3IHAYHOCTE. MOXHO NOCTPOMTE CYETHOE MHOMECTBO
CHUMMETPHMYHBIX NCEBAOTEH30POR DHHIITCHHOBCKOIO THNA, UCROAb3YS
B KAYECTBE CYNEPNOTEHIIMANOB BhIpAXKEHUS BUIA:

Rt = 2&} o [( D" (gha™* - gng" ), (5.2.7)
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rae, Kak orMeqanock, N — nofoe ueace Wiy noayuesoe yncio. Cnpa-
LIHBAETCA, KAKOE 3HaYeHue NV HyXHO npeanoyectb? PaznnuHble aBTOpPh
npeiaraay cBou cnocoOel BoiGopa N, PaccMOTPMM HECKONMBKO M3 HUX.

5.2.2. Bapnantsl NCEBAOTEHIOPOS IHEPIUM-MMNYALCA

|. Iceedomensop snepezun-umnyssca zpasumauioRnoze noas Jinmmeina
(M. [14, c. 524-529; 626-628; 650—662]) onpenensercs MOCPEACTBOM
CMELHAIBHOro criocoba NpeBpalleHun «IMUIHEro» ¢iiaraeMoro B (5.1.5)
B OOBIYHYI0 IMBCPreHUMIO. MCXOMA M3 BhIpaXeHMS

\/—_yT,’f;u—a(‘/—T) V=gTr%T, (5.2.8)

DWHITeRH MPeAToXUT npeodpa3oBars TOCHERHUN 4YieH, NMOJb3YACh
CBOMMHM YpaBHEHHIMH, T. C.

=3 . g'R
_\/__grzyT‘;’:-——-—mng,,(RV 92 )

V=909 { s g”"’R)
-X v -2 . 5.2.
e dxk R 2 (5:29)

Janee ©pUt HCNONBR30BAH TOT (PAKT, YTO B METPUYECKOH JlarpalxeBoi
dopmynuposke OTO ypaBHeHus DidHwreitHa MOryT ObITh IIONYYEHB
OeHcTBHEM oMepatopa Jitnepa—Jlarpanxka Ha TUIOTHOCTE JlarpaHXuana

v/ —g Lgr, 4TO MO3BONACT 3ATMHCATH (5.2.9) B BHze

V=G 99,0 [0/ TGLigr) B (3(~/-_9%r>))]=
2e Ozh 09us 0z \  d(gvoa)
=\/:§[3(\/—_g£(g,))_ 8 (agw a(\/——ycm))]:

ro dzb 0z \ 0zF  B(Quo.e)

1 89us a(\/:—gﬁw)]
‘Eaﬁ[gﬂ(v L) = 5 3(gvs.0)

d o
awa (\/:g-t.u] "
(5.2.10)

OTclona HaxOIHUTCA TICEBAOTEH30p Difdurreiina B BHE

vo_ I 8 ( g O ah vo Ao va
= o o (2 s [0 = 5] ). G521
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EMy COOTBETCTBYET CYIIEpMOTEHLIHA

vA __ Gus 0 a)n ve _ Ao va 5212

a 3AKOH COXPAHEHHS 3aNIUCHIBAETCA CACAYIOWUM 06pasoM (ipy N = 1/2):

a 1
oo (V=9Ti + =gt} =0. (5.2.13)

W. Dceadomensop Tanday u Tugpmuna [7] 6611 BbiBEICH, HCXONS M3 Npe-
MOIOXEHHUS O NPEUMYHIECTBEHHOM XapaKTepe JOKaTbHO-Te0e3MIeCKoi
KOOpAIWHATHOH cMcTeMbl, BbUIO nMoKa3aHe, 4TI0 B 3TOM KOOpAUHATHOMH
CUCTEME JIeBasl YACTh YpaBHeHWIT DHHINTeHHA MoXeT OmTh Ipeacras-
JieHa B BUIe

L(r-4r8)- o)

1 10, un

= -

(-9} (g0

Mockonsky A" anTHCMMMeTpu4HO TO MHAEKcaym ¥ M A, BBUIO
NpeiToXeHO BEIOPATD ITY RENIMYUHY B KAUCCTBE CYMEPOTEHLMANA Ipa-
BUTALHOHHOIO 1071, OYEBUIHO, TO B APYTOM KOOPAMHATHOM CHCTEMe
cQoTHOmEHHE (5.2.14) He BRIMONHsETCS. ABTOPBI TIPEILTIOXATM CUHTATH
RoGaROYHBIE BHIPAKCHHS! TICEBIOTEH30POM TPaBHTALMOHHOTO TIoNs, Clie-
IOBATE/bHO CYMEPIOTEHUHAN H TICEBAOTCH30D TPABUTAIIMOHHOTO TOJist
B TOJIXOAE Ha}u_{ay H Jlndmmua WUMEIOT BHL:

(5.2.14)

A = 22 o 2 (-0 g - "), | (5.2.15)

,_ 1@
Bt rranyryrl (el

WP — g"rg ). (5.2.16)

3aKOH coxpatieHHs 3alKCHIBACTCA B hopMe

% [(~g)@* + )] = 0. (5.2.17)

O1H BRIpaKEHMA B OOIIEM CyYae OTIMYAIOTCH OT JHHINTEHHOBCKHX.
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Hl. B miTepaType aHAMM3UPOBAICS #Cegdomer30p, TIPELIArABILMICH He-
sapucumMo K. Measrepom, H, B. Muyresunem u 3. lipédunzeponm,

w \
= 233\/—axx[v 9(9u8.0 = 9408)9"'9"]. (5.2.18)

(V. B nuTepatype 0GCYKIANMCh ¥ WHBIE BapMaHTHl TCEBIOTEH3OPOB:
Ilananempy W pana Opyrux aBropos.

5.2.3. HecocToaTenuHOCTL NCEBAOTEHIOPHOTO NOAXONA

IMocae mosydeHU ICeBIOTEH30pa JitHIITEHHA Ka3a10Ch, YTo npodiaema
3HEPTHM-UMITY/IECA TPABUTALMOHHOIO IIOJA PElI¢Ha, OJHAKO BCKOpE
9. lIpéaunrep u baysp mokasanu, YTO IHEPIHA IPABUTALMOHHOTO MOJIA,
BRIYMC/AEMAd TIPH TOMOLIM 3TOT0 IICEBAOTEH30pa, M3MEHAETCH TIPH
YHCTO TPOCTPAHCTBEHHBIX Npeofpa3oBaHUAX KOODIMHAT, YTO €CTECT-
BEHHO, ITOCKOABKY TICSREOTEHIOp HE ABAACTCH TEH30pOM. bBonee Toro,
bBayap moxasaJt, YTO HCTOYHHK MeTpHky [Ipapuniinia B cepuiecKix
KoopAWHaTax obnagaet OecKoHeYHO OOTBLION SHCPTUCH, BRIMMCITCHHOH
Ha OCHOBE ICEBIOTeH30pa DifHiuteiina. DToT PE3ynLTaT BOUIET B JIWTC-
paTypy nol Ha3BaHHEM «iapagokca Bayapa». CaoxuBWIascsd CHTYAIUA
noSyauna MMOKCKH APYTHX BBIPAXEHMI JUIS NICEBAOTEH30pa TpaBUTALM-
OHHOTO TIOM.

OnHako H ApyTHE NCEBROTEH30PHI 00NAMANH TEMH XKE HENOCTATKAMMH.
BbU10 BHIMOJIHEHO MHOXECTBO pafoT, B KOTOPHIX HA KOHKPETHBIX IPH-
Mepax Obl1a 1pOJEMOHCTHPOBAHA HECOCTOSTENBHOCTE PAMIMUHBIX Ba-
PHAHTOB TMCEBIOTEH30PA IHEPTHH-HMIYIbCa TPABUTAITMOHHOTO IIQJA.

B rpynmie H. B. MuiIKeBH4a ObLUT ITOJy4eH elie Gojiee pasuTeTbHBIN
pe3yneTaT — OBUIO MOKA3aHO, YTO €CNTU B3ATh METPHKY TIPOCTPAHCTRA-
BpeMEHH MMHKOBCKOIO, Tle 3aBEAOMO OTCYTCTBYET TPABUTALMOHHOC
Nnose, 3anvcaTk ¢¢ B HEKOH KPMBOMMHEHHOH KCODAMHATHOH CUCTEME
M TTOJCTABUTD €€ B MCEB0TEH30D, HATTpHMep DHHINTeHA, MOXHO TT0JTY-
YHTb OTIMYHBL OT HYJIA PE3YABTAT JUIH «3HEPTHI» TPABHTALMOHHOTO MO,

Hakoneu, B 1960-x ronax K. Mennep cpopMyanposan 5 ycioBHi,
KOTOpPBIM JOJIKEH YAOBIETBOPATh HCKOMALA NCEBAOTEH30p IPaBUTALM-
OHHOTO MMOJA: )

1) TlnoHocTs (Beca 1) Ticesnotensopa ¥, = /~g ¢, nomkua anmrebpa-

HYeCKY BIDAKATECS Yepe3 KOMITOHEHTH METPHKH H HX TIPOU3BOIHEIE,

2) HomxeH UMETb MeCTO (CnabrIii) 3aKOH COXpaHEHHS 6(3: )0z = 0.
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4

3) TMpy YHCTO MPOCTPAHCTBEHHLIX MPEOOPA3OBAHMIX KOODAMHAT £,

JOMXHO BeCTH ce0f KaK IUTIOTHOCTE 4-BEKTOpa, T. €. JONKEH OTCYT-
CTBOBaTh mapanokc bayapa.

4) TIpy npeobpa3oBaHUAX KOOPAWHAT, CBOUSIIIIMXCH K TOXIECTREHHBIM
[ipeobpaszopaHyAX BIANM OT OCTPOBHOM CUCTEMB!, HHTErPAThHAA BE-

—0
Ju4HHa P, = / t,, d’z ue JOKHA H3MEHATECH.

5} [nst oCTpOBHOM CUCTEMBI B CICTEME LIEHTPA MACC MHTETPATRHEIA BEK-
2
TOP SHEPTHH-UMIy/Ibca P, nomked umets Bun P, = {M¢",0,0,0},
rne M — monHaA Macca CHCTEMBI.

3TU YCILOBHA JOIXHBI OBUIM MCKAKMUTL BO3MOXHOCTL YIIOMAHY-
TBIX HEMEMbIX Pe3y sTaToB. Mennep xe noKasan TeopeMy, UTO U3 KoMRO-
HEHM MEMPUMECK020 MeH3oPa U UX NPOU3COOHBIX & HPUHIUNE HEBOIMONCHO
ROCMPOUME KOMRAEKC BEAUHUH, YOOERCMBOPRIOWUX 8CeM CQOpMYaLposaK-
HBIM mpedosanam,

HecMoTpst Ha TO, YTO Bce YIOMSAHYTHIC MCCASAOBAHUS [POBOAU-
THCh KaK Obl B paMKax oOUIEH TEOPHH OTHOCHTENBHOCTH, OHU OLITH
HaUeNeHbl Ha IOCTIDKEHME 1IelTM, THUKTYEMOW WHOH MeTadH3IndecKoH
napajgurMoil — cTaHAapTHOH TEOPHEH NOAH B IIOCKOM [IPOCTPAHCTHE-
BPEMEHIL

5.2.4. MoHaasbie BeXTOpbl aHepruu
rpasu-vHepPUMansHOro nons

l. B o6ruem caydae OMHAS SHEPTHS MATEPHM, ONIPELEIEHHAs COMIACHO
(5.1.2), He obsi3aHa coxpaHsTLCH. TIpeANPUHUMANHCS TONBITKH CIACTH
3aKOH COXDAHEHHUST JHEPIrHM B paMKax MOHAZHOTO METONa,  PYKOBOA-
CTBYACH MPUHUMIAMU, CXOKUMU C MCEBLOTEH3OPHLIM TIOAXOAOM, T. €.
J00aBACHHEM K 3HEPIMHM MATepHH HEKOTOPOTO BhipaxeHWA. TIpoaHa-
nU3UpyeM 371oT nomxox |1, 5).

JIng ONMWCaHUR TONBKO 3aKOHA COXPAHEHWS SHEPTHM CIelyeT WC-
noNbp308BaTh HeThipe (3 He 10, xak 370 Ouino BbIWIE) ypaBHEHUs JiiH-
mreitHa

I
%(R“” - 59“”3) =T"r1, =P, (5.2.19)
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rne P’ — 4-BexTop SHEprMM MatepuM. Pa3oBbeM JIEBYIO YaCTb ITHX
YPaBHEHMIi Ha 1B BEKTOPHLIX CIATA€MbIX

Tﬂ v 1 1 vV v
LIBR*™ - —¢™R)=06"-7p", 5.2.20
x ( 29 ) p ( )

rae ‘
e = F,L. (5.2.21)

31echk TeH3op F*¥ WrpaeT posk CynepNOTEHUMANA B NICEBIOTEH3OPHOM
noaxone; OH aHTHCHMMETprYeH F = — F*# | BesencTaue COOTHOLIEHNS

VﬂVy}rﬂy = 0 (5.2.22)

HMEEM 3aKOH COXpaHCHMUA

V,8" = V,(P" +p")

"+p)] =0, (5.2.23)

\/_6z

TIe HacTOAIUMI BekTOop p’ SARISAETCH aHAAOIOM TICEBAOTEH30pa TPaBH-
TaTMOHHOTO oA, CoxpaHAILEHca BeNHUMHON ABIICTCS

E-= f /-9 (P +p") do,. (5.2.24)

Il. PaccMoTpUM KOHKpETHYIC pealM3allMi0 3TOH IIpoLEAyphl, BhiGpas
B KauyeCTBE MOHAKHOIO CYIIEPIIOTEHIIHANA BEIpAXEHHE

1 1
Fu = ;(ry,u -1,,) = g(—2(..;#,, — Ty + a,7,). (5.2.25)

VuuTbIEAA MOHANHHIL BUI TIPOEKLIMH ypaBHEHHA JitHwTeina (4.4.10)
u (4.4.11), n3 (5.2.20) HaXOIMM MIPOEKLIUK BEKTODA P° & 6akyyme:

1
p(0) =p'n =~ (wopw® + dogd™ + a40® — 8rd);  (5.2.26)

~ , 1
Br = —hypup z;[VV(d”+w + hyd) + hye (07 — d)a”]. (5.2.27)

Ortciona BuAHO, KaK 106aBok p(0) B coxpansiomemca o6o6uieH-
HOM BBIPAXCHMH LA 3HeprdH (5.2.26) ctpoutcsi U3 QUIMKO-TEOMET-
PHYECKHX TEH30POB, XapaKTEpH3YIOIIMX CHCTEMY OTCUETa, MPHYEM 3TO
HUMEET MECTO M B TUIOCKOM NMPOCTPaHCTBe-BpeMeHu. B 4acTHOCTH, B HETO
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BXOOAT KRAOPATHYHO TEH3OPHL YIJIOBOH CKOPOCTH BpaLleHHA M YCKOpe-
HUs cucTeMbl oTcueTa. [lepexons oT OAHOM CUCTEMBI OTCUETA K APYTOiA,
MOXHO B IWMPOKMX MMpeaeaax U3MEHATh Bennduusl (5.2.26) u (5.2.27).
Tlo 3Toit MPHYHHE BeJMUNHY P’ NIPABUJIbHEE HA3BATD 8EXMOPOM SHEP2UU
EPAGU-UHEPUUAAbHOZ0 HOAA,

lll. Ocobenno peavethno nposBnseTcs cyTh BEKTOPa 7’ B BaKyyMe
B CHCTEMaxX OTCUELTA, [1€ dyg = 0:

1 1=,
p(0) = g(waﬁu“ﬁ +640%); Py = —(Vwl; - 0re,).  (5:228)

JaHHOe BBIPAXEHME U TWIOTHOCTH JHEPrHM IPaBHU-HMHEPUMAILHOTO
OIS OUEHb HATIOMWHAET TINIOTHOCTh IHEPTHU SIEKTPOMATHUTHOTO TIONA
(4.4.34), 3aNIHCAHHYIO YEPE3 KOMTIOHEHTEI 3NEKTPHYECKON 1 MATHUTHOM
HAMPSAKEHHOCTEH,

IV. B merpuke Llpapiiiinibia B IOKOsLIEHCS CUCTEME OTCYETA ILIOT-
HOCTB FHEPTMM IPABH-MHEPLMATLHOIO M0/ MMECT BUI

92
87G’

(5.2.29)

p(O) Aal

clr

a__Mi’G( 26GM"
- 8xrt

i
o
rag¢ ¢ — YCKOPEHME CHNBI TAXKECTH.

V. M3 nanoxeHHOTO BMAHO, YTO MOHAiHbIf TIOAXOA OONanaeT psaaoM
TIPEHMYILECTB 110 CPABHEHHIO C IICEBIOTEH30PHBIM:
1

e B Hem ymaeTcd BBECTH HCTHHHBIE CKAMAPE! AT BRIPAXKEHWUS IHED-
THH TPaBYM-MHEPLHATILHOTO MO, T8 KOTOPHIX KOPPEKTHO OTIpe-
JieNleHa Onepaunsd HHTETPHPOBAHMA.

s CKangpHbie TAOTHOCTH 3HEPTUW CTPOATCA U3 MOHAIHREIX (PH3HKO-
TEOMETPUYECKHUX TCH30POB, T. €. TIONYYaOLIWECS BETMYUHEI DOTTYC-
KAKT KOPPEKTHYI0 HHTEPIIPETAIUIO,

V1. OzHako cnemyet KOHCTATWPOBATh, YTO MOHAJHbLIA NOAXOI He pe-
maer 3alayd ONpeacjeHNA IHEPrUH TPaBUTALIHOHHOIO noJid 1o ciaeny-
IOUIHM [IPUYHHAM,

+ BpeneHHas BEILIE MAOTHOCTh IHEPTHH IPaBH-HHEPUHAABHOTO TO-
st p(0) MOXeT GbITh OTAMYHOMN OT Hy/IA Iaxke B THIOCKOM TIPOCTPaHCTBE-
BPEMCHH B HEWHCPITHAIbHBIX CUCTEMAX OTCYETA.
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¢ Kak H B Chiyyae NCEBIOTEH30PHOMO Noaxoda, BCTaeT npobiema
HEOQHO3HAYHOCTH YHEPTHH I'PaBH-HHEPLMAAbHOTO Hod. MMeerces bec-
KOHEYHOE YHCIO CTIIOCO00B OIIPeAeNCHUA MOHATHOIO BEKTOPA 3HEPIHU
TPaBU-HHEPLIWATEHOTO MO, OTJIMYAIOLEHXCA BRIOOPOM TEH30PA CyTIep-
noreHuuana ¥y, . B obmeM ciyyae MOXHO BhIOpaTh BENHYKHY

1 — _
Fuy = & [corwyw + enr(Tuay = Toau) + co3(7, Vi dy - 7.5 d"\*) +

+ coa(muVawh - 1%, wh) + cos(Tudra, — T,0pas) +
+es(muV, d— 7,9, d) +...]. (5.2.30)

31cch MOA MHOTOTOYHEM CHgMyeT TIOHMMATh BRINMMCAHHLIE ClIATAcMbIe,
YMHOXKEHHDIE Ha d ¢ HEKUMH KO3pODUUMEHTAMH €5, JATEM TE XE CNa-
raeMble, YMHOXEHHbIE Ha G,a” ¢ xoadduumentaMn ¢, u T.a. Mroro,
B OOLUEM Cly4ae MMEeM OCCKOHEYHO MHOTO BOIMMKHOCTEH.

W CIoMb30BaHHOE BHILIE ONPEAEACHHME NPEACTARISET COBO0I YACTHBIM CITy-
4aii, Korma ¢y = —2, ¢p; = 1, a ocTasibHbe KOMPhULKEHTHL PABHBL HYIIO.

o Jlerko NOHATb, YTO BCE TAKUM oﬁfyaaom omnpejeNieHHble TLIOT-
HOCTH 3HEPTUH TPaBH-HHEPUHAILHOTO TIONS COOTBETCTBYIOT BBENCHHIO
Hapﬁi[y € peanbHON MaTepHei ellle GPUKTHBHOTO «MAaTEPHAIIBHOTO» TIONH
(MHepuyH) ¢ NIOTHOCTBIO p ~ 1/, 3aTOJIHAOLIETO BCE MPOCTPAHCTBO.
Ilpy ¢dopMaibHOM H3MEHEHHH CHUCTEMB! DTCHUETA MIOTHOCTH (HMKTMB-
HOIl MaTepHH OCTACTCS TpexHef, HO MEHSIOTCH XapAKTepUCTHKHU CH-
CTEMB! OTCYETA, YTO B (DMIMUYECKOM TLIAHC O3HAYAET TeHEPUPOBAHHE
WY YHHUTOXECHHE MATePUM, HE BBI3BAHHOC HUKAKMMU (DHUIKUESCKHMU
npolueccaMy,

TMonoxeHWe MOXKHO ObLIO OBl MCTIPABHTh, MATCPHAIHI0BAB CH-
CTEMy OTCYeTa, T. €. CBA3aB €€ ¢ OObIYHBIMU BHIAMW MaTepHH, KakK 3T0
MMECT MECTO B C1y4yae BbrIOOpa CONYTCTRYWOIEH MaTepuM CHCTEMBl OT-
cyeta B McTpukax @Dpuamana. Ho sra curyaums, o ONpeaeteHHIo,
IMKTYET UCITONTB30OBAHHE TEH30PA SHEPTHH-KMITY/Ibca MaTepun Ty, .

¢ Korna Bo3HuKaeT HeoOXOaAMMOCTE ONHOBPEMEHHO PACCMATPUBATD
BOIIPOC O COXpaH€HHH 3HCPDIMK H KBMIIYIbCA BEO/L BbLASICHHOMO Harnpas-
JIeHMs, LieecoobpPa3HO UCIONB30BATh AManHbiil Merod. Juaaa 7%, I* noa-
BOJIAET NPOUIBOAUTD HHTETPHPOBAHUE B 3-MEPHBIX [IPOCTPAHCTBEHHO-
MOAOGHBIX CEYESHMAX MCTIOMb3yeMOIH CHCTEMBI OTCYETA CKAIIPHBIX BETHYHH:
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P(0) = T"' 1,7, — nnotHoct 3Hepriu Matepun u P(1) = T, 1, —
TLIOTHOCTH UMILYILCA MATEPHU BIONDL Hanpasnenus X,

e EcaM Ke HYKHO PACCMOTPETb BOMPOC 06 OMPeIENeHMH WK O CO-
XPAHEHUH 3HEPIMY U TPOEKIMI MMITYIBCA MATEPHM N0 BCEM TPEM
OPTOTOHANLHBIM TIPOCTPAHCTBEHHBIM HAMPABJICHHSAM, TO CICAYET MC-
MONB30BATh TCTPANHLIA METO, [ie TUIOTHOCTH 9HEPrMu M MMIIYIBCA
MATEPHH OTIPELIENSIOTC CHMMETPHYHBIM 06pasoM:

P(a) = 1" g,()g,(0) = T* gu(e)7y. (5.2.31)

g nonydeHHUs aHANOTOB 3aKOHOB COXPaHEHMA SHEPIrUM H IIPOCK-
MM HMIYABCA B CHMMETPHMUHOM BHIE OMATh MOXHO BOCIONB3IOBATHCH
METOAUKOM, M3NOXKeHHOH Bbille, OTMETHM, 4TQ B TETPAZHOM I10IXO-
JI¢ ONfATb MOXHO BBECTH DECKOHEYHO MHOIO TeTPAaiHbiX KOMILIEKCOB
IHEPTUM-MMITYNIECA TPABH-WHEPLHATHHOTO Noas. Bce oHM oka3wiBa-
IOTCA HECOCTOSITENEHBEIMM TIO TIEPEYHCACHHBIM BBITHE TIpMYMHAM JUTA
Cyvas BEKTOpa SHEPTrHH TIpaBH-MHCPUHATBHOIO nola. Kacasach He-
TOPHH JAHHBIX HCCHCAOBAHWA, OTMeTHM, uT0 B 70-x — 1980-X ronax
pAL aBTOpOB (QOPMYTHPOBAL HEOOXOANMBIE TPeOOBaHHA K TETPAUHEIM
KOMILIEKCaM 3HEPrHH-UMIIYIbCa, aHAIOTMYHEIE TpeboBaHuaM Mesnepa
K IceBA0TeH30paM. J1OKa3biBAIMCH TEOPEMBI, YTO HA OCHOBE TETPAAHBIX
KOMILUIEKCOB TAKOIr0 pPONa HEBOIMOXHO PELUMTH IOCTABACHHYI (DHU3M-
YeCKyI0 3anavy.

KoHTponbHblie 3ananna

L. ‘B-anucen'b BbIpaXEHUH IS MIPOeKIMI MOHALIHOIO BEKTOpAa 3HEPIUH
IPaBH-VHEPIHATBHOTO Mt (5.2.26} 1 (5.2.27) anst MeTprk Opunmana.

2. 3anucate BHIPaXEHWS U MIPOEKUMA MOHAOHOTO BEKTOpa IHEPrHU
Trpaeu-MHepLUMatbHOre mons (5.2.26) m (5.2.27) B metprke Keppa
B XPOHOMETPHYECKOH M KHHEMETPUYECKOHA CHCTEMAX OTCHeTa.

§ 5.3. IpasuTaLuMoHHbie BonHbl B OTO

Hpyras npobnema 0d1Lel TEOPHH OTHOCUTENLHOCTH COCTOMT B ONpe-
JeJIeHUH NMOHATHS TPABMTAIIMOHHKIX BOMH, OHA IpHEBIeKAIA TIPUCTATH-
HOe BHUMAHuE (HM3MKOB B TeyenHe Beero XX mexa. [lo stoit teme
OLINO BRITIOTHEHO MHOTO TEOPETHUYESCKWX MCCHESAOBAHWI, GBI 3aTpa-
yeHbl HONLLIE CPeIcTBa Ha TMOMBITKH IKCTIEPUMCHTABHOIO 0GHApYKe -
HM3S rpaBHTaUHUOHHEBIX BOIH, OTHAKO TTpodaeMa Tak M He ObiTa peuieHa.
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IIpexne BCEro CIERYET OTMETHTh, YT, KAK ITOKA3BIRAIOT OUCHKM,
B DEAJIbHBIX CUTYALIMSX IPAaBUTALMOHHbBIE BOJHBI HACTOALKO C1a0bl, YTO
IOKA He MOFYT OHITE OOHApyXeHbl COBpEMEHHLIMH IIpHOopamu. Be-
IyiIHecs IKCIEPHMEHTABHLIE MOUCKUA PACCUMTAHBl Ha CBEPXMOUIHBIE
ACTOYHMKH, TTaBHHM 00pa3oM, FMOOTETHYeCKOA npypoabl. PakTuye-
CKH OOCYXOAOTCA NPEeAnoJaracMbe ABRIEHHA, JieXKallMe 3a Ipeacia-
MM BO3MOXHOCTEH COBPEMEHHOTI0 KCIIEPHMEHTA, HO NPEACTABIAKIINE
OPUHUMIIHAJbHBIA MHTEPEC U MOHMMAHUA (M3HYECKOTO MHPO3Ia-
HMsI. DTO Q3HAYAET, YTO [MOKa MGXKHO ONMUPATLCS JMILL HA TE WIH UHbIE
TEOPETUYECKHE COOOPDAKEHHA H THUIIOTE3HL.

Kak yxe HEOAHOKPATHO 0TMEYaIoCh, B 0DWEi TEOPHH OTHOCKTENb-
HOCTH PEIH30BAHO [iy0OKOe eMHCTBO TPARMTALIMY M HHepuMH. 1o cy-
TH [I¢12 B HEfl paccMAaTPHMBAIOTCH He UMCTO IPaBUTALUOHHBIE, a IPaBH-
WHEpPUMANBHEIE NPOLECCHI, OMUCHIBACMELIE XapAKTePUCTHKAMU CHCTEMBI
orcyeta. [To oToil nMpuuKMHe npaBuibHee FOBOPUTL HE O FPABHTALIMOH-
HBIX BOMHAX, 2 O pagU-UHEPUUAILHBX 80aH06NX npoyeccax. [ToCKoNbKy
MICHATHE TPABMTALMH HEPAIPLIBHO CBA3aHO ¢ HAHYHEM MUCKPURICHHA
NPOCTPAHCTBA-BPEMEHH, NIPH PACCMOTPEHHMM JAHHOW npoOneMel, Kak
NIPaBHJIO, CTAPAIOTCS! ONEPETHCS HA TEH3OP KPHBH3HBL.

Ipy 06CcyXneHMH NPOOAEMBl TPaBU-MHEPUHAALHLIX BOAH B Tep-
"MHHAaxX COCTABJIAIOUIMX METPHMUYECKOTO TEH30pA TABHBIE TPYIHOCTH 00y~
CNOBIEHB HEMMHEHHOCTRIO YPasHeHHN DiltinTeiing, NOCKONLKY MJIA MX
peleH’it OTCYTCTBYET MPUHLIMN CYNEPTIO3UILIMM, THIIMYHLIA 1S BOJ-
HOBBIX PEUICHHH JMHEHHBIX YpaBHEHHA.

Jpyras TpyOHOCTD, TAKXKE TECHO CBSI3AHHASA C HETHHERHOCTHIO, CO-
CTOMT B CIIOXHOCTH BbIACJEHHA IMHAMMMECKHX CTENEHU cBOOOIHI, T. €,
BEIHYHUH, HEMTOCPEACTBEHHO OMUCHLIBAIOUIMX BOAHY W €€ ITOJISPU3IALIMM.
Tak, B ciayyae 3MEKTPOMarHHTHOIO WAyYeHUS TAKOBbIMM ARISAIOTCH 1B
TionepeyHble (OTHOCHTETLHO HANPARICHHs PACTIPOCTPAHCHUSA BOJIHBL) KOM-
MOHEHTEL BEKTOPHOTO MoTeHUHama. Jta oXuaaeMbIX TpaBUTALMOHHEIX
BOJIH 3TY 3a1ady yAaeTcs PENIMTh TMINE B HEKOTOPEIX JACTHBIX CAy4YasaX.

CrexyeT BELICTNTD YeThipe LIABAbIC HANPABJIEHANR HCCJIeI0BAHHI rpa-
BH-HHEPUHANLALIX BOJIHOBLIX TPOLIECCOB!

1) aneebpauneckuii nodxed oNVMpawILAicA Ha aTrefpanyecKyio Knac-
cuduxarmio IleTpoBa nMpocTpaHCcTe DifHMITeHHA;

2) peeperuuOHHbl GHANUI ZPABYU-UHEPRUAALHBIX BONHOBHIX NPOYUECCO8,
TECHO CBA3AHHBII ¢ MOHATHHIM METOAOM OIIHCAHIS CHCTEM OTCYETa,;
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3) aHaaus cpasu-uHepUUOALHBIX BOAHOBBIX NPOUECCO8 HA Baze duadnoeo
Memoda, T.¢. Ha OCHOBE OGODLIEHHSI MOHANHOTO METONa Ha Cly-
4ail IBYX BEKTOPHBIX HOJEH, COOTBETCTBYIOUIMX 4-CKOPOCTH CH-
CTEMB! OTCYeTa 7" M HampasfieHUK pacnpocTpaHeHus BOJTHOBOIO
npouecca I*;

4) nodxod Ha OCHOGe AUHEAPU30BAHHOU meopuu zpasumauuy (AHAIU3
C1a6pIX [PaBMTALIMOHHKIX BOJH).

Ipucrymast K paccMOTPEHHIO 3THX TIOOXONOB, OTMCTHM TECHYIO
CBA3b TIPOONEeMBl TPABHTAIIMOHHEIX BONH C NpoONeMOH 3HEPTHU-HM-
TIY/TECA TPABHTALUHOHHOIO TI0aA. KakK OoXuAaercsi, TaKk WM HHaue BBe-
JCHHBIC TPABATALIMOHHEIE BOJTHH AOMKHBI 0671a1aTh 3HEPTHEH - UMY b~
coM. OOHAKO MMOCKOJIbKY MOCAEnHssS TPpobaeMa 1o CHX Mop TaK M He pe-
LiCHa, TocTapaeMca oBCYXNaTh MpodieMy rpaBH-MHEePIHATBEHBIX BOIH
HE3ABHCHMO OT NOHATHH 3HEPTHH H HMITYITbCA.

5.3.1. Anrebpanyeckue KpuTepuM rpasuTauNCHHBIX BOJH

l. B 1960—1970-X romax B CBSI3M ¢ OTKPLITHEM alTebpaHdecKoH Knac-
cutnkaumuy IleTtposa mpocTpaHCeTB IHHIOTEHA Cpaly Xe BCTal BOTIPOC
0 QU3NYECKOM CMBICTIE TIPOCTPAHCTR Pa3THYHBIX aNreOpanieCKUX THIIOB
U NOATUNOB. bblila BRICKA3aHa WIEs, TOLAEPXAHHAT MHOTUMH HCcaea0-
BATENAMK, YTO HEKOTOPHIE anTeOpandecky CMeUHATbHBIC T METPHK
OIIUCHIBAIOT BOTHOBBIE pellleHus YPABHEHWH DifHIITelHA. DTo noGynu-
A0 TIOMCK anrebpanueckx KpUTEpHeB IPABUTALIMOHHEIX BOJIH.

1l. CyTh HccHenOBaHMIE MO MOMCKY anredpanvyeckKux KpUTEPUEB Ipa-
BHTALMOHHLIX BOJIH MOXHO ITOSCHUTEL HA NIPHMEDE JIEKTPOMATHUTHEBIX
BoTH, KaKk M3BECTHO, 3/1CKTPOMarHUTHOE M3NTyueHue (B BOTHORO! 30HE)
obnagaeT TeM CBOMCTBOM, YTO JBa MHBAPHAHTA, ITOCTPOCHHbLIE U3 HATIPA -
XKEeHHOCTEH 3MCKTPUYECCKOTO H MAaTHHTHOIO IT0JICi, 00pauiardTes B HY/Ib:

F F" = 2B - FB) =0, F,F" =EH'=0, (531

rJIe MCMOAL30BAHO 0003HAYEHHE!

* Fa.@E
Fu= _—2puaﬁ_ (5.3.2)
3nech, HAMOMHWM, Euu0g = 1/ — g €4uop — TeH30D JieBU-UUBUTEI, TIpel-

CTaBIAeMbIR Yepe3 CHMBONE! JIeBH-UHBUTEL
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lll. IIpwu paccMorpeHuM IpaBMTALMH, KaK NPABWIO, TIPOBOAATCS aHA-
JIOrMy MEXIy HIeKTPOMATHYTHRIMH M MPAaBHUTALMOHHEIMM BEJIMYMHAMH,
MpHYEM 3TO AEIACTCH NMO-pazHoMy. Pan aBTOPOB nojaraer, YTO Hau-
Oosiee €CTECTBEHHO COMOCTABAATH TeH30p F),, ¢ TeH3opoM Pumana—
Kpuctopdens Ryy,p, TOIIa aHAIOTAMU ABYX 2J1EKTPOMATHHTHBIX MH-
BAPMAHTOB CJICAYET CUMTATL CASAVIOLUHME KBAaAPATHYHbiE W KyOMUHBIE
HHBApMAHTEHI, TOCTPOCHHRIE U3 TEH30pa KPUBU3HEL

Ragu ROPH Rosw R adp,
aon e (5.3.3)

oErh ol surh 7, o
RGﬁU’IjR Rq) L] Raﬁa,uR R.-,A »
TIE UCMOJIB30BAHM QO03HAYCHMS A AOYaJAbHOIO TEH30PA KPUBH3HLI

R?EUE#W\J B Rf;‘JEaﬁ)w
2 ) '

IV. Axre6panyeckie KpUTEpMH [PABMTALMOHHBIX BOJH COCTOHT B Tpe-
foBaHMM 0OpaILEHHs B HYJIb BRIIMCAHHbLIX B (5.3.3) uHpapuaHTos 1m0 06-
pasy ¥ NoaoOKio aNredpandecKux CBOICTR NIEKTPOMArHUTHBIX BOH (5.3.1).
HmeHHO 3T0 YTBEPXKIAETCS BrOPLIM KPHTEPHEM IPaBHTALIMOHHbBIX BOMH
bess. Pan wdeix kputepHeB 6o ocnabnseT TaHHsI KpuTepwil bens,
MU0 YCUIUBAET €10 HEKOTOPHM TOTTOMHHTEIBHBIM TpeGoBaHUEM.

R P (5.3.4)

V. Tlponomxum noscHATS CyTh airebpanueckoil kiaccudukaimy Mer-
POBa MPOCTPAHCTB DHHINTEHHA HA TPUMEPE 3NEKTPOMAFHMTHOTO 1105,
Jid TEH30pa INEKTPOMATHUTHOFO TIONS MOJKHO. 3aITHCaTh XapaKTepH-
CTHYECKOE YPaBHEHHE:

1By = Mol = 0. (5.3.9)

HenocpencTBeHHOe BHIYMCAECHUE OIPEAEIUTE A APHUBOAMT K YDaBHe-
HMIO Ha CODCTBEHHBIE 3JHAYEHUN A

A+ (H - YN - (B HY =0, (5.3.6)

Tae K03QPUITHEHTaMH ABIAICTCH BBIMMCAHHEIE BBILLE 31 KTPOMArHHTHBIE
WHBapUaHTEL. Anrebpandeckasl KAacCH(PHKALA 31CKTPOMATHATHEIX NO-
Jeil OCHOBAaHA Ha aHanM3¢ KOpHel JaHHoTO OMKBAIpaTHOTO YPAaBHEHHA.

VI. ns ciyyas rpaBUTaLMM Takoke 3alTMCBIBAETCA XApaKTEPHCTHUE-
CKOE€ YPaBHEHHE, TOIBKO TETEPE OHO ITHILUETCH U1 KOMIMMOHEHT TeH30pa
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Pumana—Kpuctobdens. Moxxo nokasars {cM. [9]), uto oo npen-
CTABISIETCS B BHAE B BUIE

[Map — Agasll =0, (5.3.7)

rae M4p — KoMIUiekcHas 3 X 3-MaTpuua, NOCTPOEHHAS M3 KOMOHHALKUA
TEH30PA KPUBH3HEL, §4p — METPHUYECKMil TEH30p OHMBEKTOPHOIO IIPO-
CTPaHCTBA:

Gap = Gopur = (Gapsv — G 9u)- (5.3.8)

JIeTKO BMOETD, YTO gogyy 0OMANACT TAKHMH XKe CBOWCTBAMHU CHMMET-
pHH, uTo U TeHlop Pumana—Kpucrodpdena. PacmicbiBas xapakTepi-
CTHYECKOE YpaBHEHHE, MOXHO YOeIWTbCA, UYTQ ero KoadpHuveHTaMHu
ABJISIOTCS BhINHCAHHKbIE B (5.3.3) rpaBUTAIIMOHHBIE NHBAPHAHTSI.

VII. B 3aBUCHMMOCTH OT 3HAYEHUIT KOPHEH XapaKTePUCTHIECKOTO Ky6uy-
HOMO YPaBHEHUA ONPENeNAIOTCs 6 pasHOBMAHOCTEH (TIOATUNIOB) IPOCT-
paHCTB DHHIUTEHHA, KOTOPHE COCTABMAIOT TpH THNa [letpora. Ux npu-
HATO M30OPAXATD C OMOLEI0 Auarpammsl [enpoysa— Ierposa (puc. 5.2).
W3 nMarpaMMel BUIHO, 9TO Tepsbti TiiT o [leTpoBy ¥ cocToMT #3 TpeX

Yucno
1 pasnMyHBIX
KOpHeH
R (]
2 II[(2)(1)) — D|(3, 1){D]

.

1 HI[3)}— N[(1,2)) — Ol(1.1)]

& & 9 -

1 3 3 Yucio
coBCTBEHHBIX
(T3) (T3) (1) BEKTOPOB

Puc. 5,2. Juarpamma MeHpoysa—letpoea
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nogrunos: I, D v O, Bropoit tun no [lerposy T, cogepxur aBa nog-
iia I1 1 N, a wpetuit tunt T3 onpeaenserca oaHuM roaturiom [I1

VIIl. Wmenro qna noarunios N n 111 Bee BhinicaHHbIe BHILE HHBapH-
AHTHI TEH30PA KPUBU3HE 06palaloTCa B HYME, T. €. HMEeT MeCTO CBOS06-
pasHas CUTYalus, Kora 4-MEpHOe MpPOCTPAHCTBO-RPEMST HCKPMEB/EHO,
a ero TeH3I0pHbIE UHBAPHAHTH PaBHE! HYMO. Ha 3ToM ocHOBaHWM cuu-
TaeTcsd, YTO IPaBUTALHOHHBIE BOAHBI OMMUCHIBAKITCS PEUICHNSAMH YpaB-
HeHHIt DifHIUTeliHa, MpuHamtexamumMi noatunaMm N w IIL Bonee
TOHKHH anredpanveckuii KpuTepuit JInxHepoBuya yTBEKAAET, 4TO BOA-
HOBBIMH SIBJSIOTCH TONLKO NPOCTPANCTBA, MpHHaLiexaue tuny N.

U1 NMeKTpOMArHHTHBLX BOJIH TAKKE MOXHO 3a[IMCATh AHATPAMMY THI1a
TTenpoysa—Ilerpopa, onHako oHa Oyaer npome. B Heif conepxarcs AMIIL
TpKt noaTka. ToT NOATUI, KOTOPbLIH COOTBETCTRYET 0GPAILIEHUIO B HYJIb
nBYX HHBapuaHToB {5.3.1) Takke ecTecTBEHHO 0603HAUMTH KAK OATHIT N.

1X. Tlepeurcnum mMabHbie HEXOCTATKH ANTeGpPaMYECKHX KPATEPUEB.

o Ilockonbky anreSpayyeckdii MOAXOA ONHPAETCS HA AHATOTMIO
C 3JIEKTPOMATHHMTHBIM [IOJIEM, TO ClEAyeT UMETh B BUIY, HTO YCJIO-
BHE paBEHCTBA HYAK IBYX HHBAPDUAHTOB 3MEKTPOMATHHUTHOIO MO/ €Ule
He 03HayaeT HATMYMA MCKTPOMArHMTHOTO M3NydeHUs, Beerda MoxHo
TaxK l'IO)lOﬁpaTb CTAaTHYECKME ANECKTPHYECKOE H MarHHTHOC TTOJIA, yTobGbI
HMX HHBApHaHThl 0Opalllanuch B HyNb. TakuM o0pa3zoM, maxe IS Ciy-
Uad MMEKTPOMATHUTHOTO HANYYCHHSA HEAOCTATOMHO BBIMONHEHMSA JIHILB
anTedpPaHdYeCcKOoro BOJTHOBOTO KPHTEPHSA. AHANONMUYHBIN NOBOO MOXHO
NPHBECTH ¥ B CIYYae rpaBATAIlH.

¢ KIMelTcA siBHBIE NPHMEPDl METPHK, HE YIOBISTEOPSIONIMX HU OJl-
HOMY M3 NEPEYUCACHHEBIX anrebpaHyeckiX BOIHOBRIX KPUTEPHEB, OlHA-
KO TIO pAAY APYTHX COOOpaxXeHUH HX CIERYET IPUYHUCANUTE K BONMHOBBIM.
TakuM mpuMepoM SIBAAIOTCH LIIMHAPHYECKHE BOMAHH JHHINTEHHA—
Po3eHa, paccMoTpeHHBIE HHXE.

¢ K neaocTaTKaM airebpandecKoro 1oaxona MOXHO OTHECTH TAKXKE
MHOXCCTBCHHOCTE BAapHAHTOB KPWUTEDHA TIPABHUTAUMOHHBIX BOJNIH TPH
OTCYTCTBHH KpUTCPHA, BHLACARKINErO OAHH U3 HHX,

o PacCMOTPEHHBIC KPUTEPHH OTHOCATCS K HAEZTHINPOBAHHBIM METDH-
KaM, TAIEKHUM OT cOOTBETCTBHS ¢ (hH3HUECKOH peasibHOCThI0. BHeceHue
CKOJIb YTOAHO MaOH MAacch B MPOCTPAHCTBO, PaHee YAOBIETBODARBIICE
KaKOMY-JIHO0 BOTHOBOMY KPHTEPHIO, CyLIECTBEHHO U3MEHSAET €r0 anret-
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panyeckuii THA. B paboTax HEKOTOPHIX ABTOPOB METPMKM TIPENCTaBIg-
MMCH B BUAE CYNEPIIOIMUMM BKIANOB PA3TUUHEIX [10ATHIOB No [TeTposy.

DTH M pax APYTHX O0CTOSTEABCTE 3aCTABMAM NONOIHATE airebpa-
HUECKHE KPUTEDHH DAIOM IPYIUX CoolbpaxeHuit. OTMETHM TakXkKe, 4T0
aHATNS anTeOpawdeCKuX CBOUCTB METPHK OTHOCUTCH KaK K BAKYYMHEIM,
TaK ¥ HEBaKYYMHBIM METPHKaM, T. €. CTipPaBEITHE M I CAYYacR, riue
HMEIOT MECTO IPaBH-MHEPHMATBHBIE MPOIIECCHI ¢ YYACTHEM (PHIMIECKUX
GO30HHEIX WM MaTepHAILHBIX NONEH,

5.3.2. PedepeHumoHHbIH aHanu3
rpPaBK-UHEPUMANIbHBIX BOJIHOBLIX NPOLECCOB

Kak H B ciyuae Heyaay ¢ ONpPEeOeNeHUEeM SHEPTHM-UMITYIILCA TPABHTA-
UMOHHOTO NOASA B NCEBAOTEHIOPHOM [oaxoae, TpeanpHHHMAAUCE T10-
TILITKY TIPEOONETh MIH OCMBICIHTE BO3HUKIIHE TPYIHOCTH € TTOMOIIEIO
TOHATHIt CHCTEMBI OTCYETa (M OPWECHTAIMH). 3mech MOXHO BBIIEIUTH
TPM HaIrpaBjieHUs TIOMCKA C LIEbIO:
1) oCMBICANTL CUTYAUHIO B areBpauyceKoM MOOXOAE B PamKax Iio-
HATUH CHCTEMBI QTCYETA;
2) BBECTM B TEPMMHAX HOHATHA CHCTEM oTcHeTa Auddre peHUMATBHBILI
KPUTEPHIA TPABH-MHEPLIMAABLHBIX BOSTHOBEIX NMPOLIECCOB;
3} uccnenoBaTh MOHATHE TPaBH-NHEPIIMATTEHOW BOMHEL { BOTHOBBIX HPO-
LECCOB) HEMOCPEICTREHHO B TEPMHHAX MOHAZHBIX (PM3HKO-TeoMeT-
PHYECKHX TEH30POB.

AnrebpaundecKkne kpurepHu 8 MOHAOHOM BHAE

Pan anrebGpadueckux KpuTepueB GOpMYIHpoBAiCcd ¢ MCITOIB30BA-
HHMeM BeKTOpa MoHanb! 7*. B yacTHocTH, BTOpOMY KpuTepuio bens oka-
3aicsA IKBMBAJICHTHBIM KpuTepuil Muapst M CHHIXA, COTMTACHO KOTO-
pOMY NYCTOE TIPOCTPAHCTBO-BPEMS ¢ OTAMYHBIM OT HY/IR TEH30pOM
Pumana—Kpucrodwbens ONMCLIBAET rPaBHTALUOHHBIE BOJHEL B TOM
W TONBKO B TOM CJIyuae, KOTAa TCH3OpBI

Epy = Rapau™ 1 = Xon; Hox =Rapas 77", (5.3.9)
rae 7% — eNMHMYHLIA BPEMEHM-TIONOBHEIA BEKTOP, YAOBIETBODAIOT
COOTHOLIESHHSIM!

EpB® —HypH™ =0; EnE}E" =0, Hn,HiHY =0,
{5.3.10)
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T. £, HMEIOT MECTO CBOMHCTBA, AHAIOIMMHBIE CBOMCTBAM TEH30Pa IMEKTPOMAr-
HMTHOTO TIOJISL B SMEKTPOMarHuTHOM BoyiHe. [ToKa3aHo, 910 3T0T KpUTepHi
OTHOCMT K BOJIHOBLIM aJIrefpadecKu creumanehble noarunst N u 111

Angdepenunanstvie BonHosbIe
KpHUTepHH rPaBuTaUHOHHBIX BOSH

B psine paGot npennaramick quddepeHInatbHbIe BOTHOBBIC KpUTE-
PMH, KOTOpPLIM AOJDKEH YIOBIETBOPATE TeH3op PuMana— Kpuctodpens
B CJIy4Yae CYLUEeCTBOBAHMI IPABHTALMOHHBIX BOJIH, 3 HA CAMOM J€Ne He-
KHX BOJIHOBBLIX IIPOLECCOB, CBAIAHHBIX ¢ HCKPHBISHUEM NPOCTPaHCTBA-
BpeMeHd. B 00lex0oBapHaHTHOM MOHAIHOM BUOE Takue pedepeHlu-
OHHEIE KPHTEPUM O3HA4AIOT BbINOAHEHUE CACAYIOLIUX YCIOBUH:

1) KomnouenTsi TeHiopa Pumana—Kpucroddens, cnpocuuposan-
Hbie nocpeacTsoM T u hY ucnonbayeMoil cucteMbl oTcueTa, T. €,

R(N) = {X;w, Y;w)u Zuva,ﬁ}a
AOJKHbBI YIOBIETBOPATL BOJHOBBIM YPaBHCHHAM Bhia
(8% — h'uvﬁ‘,, v, YRy = Ty, (5.3.11)

e &) — npon3asosibHas TeH3opHadA GYHKIUHA KOOPIAHHAT, HE CO-
Aep>Kallas TPOM3BOMHEIX BHILIE MEPBOTO NOpsAaka oT Ry), npea-
CTaBsoLLero coboil cobuparenbHoe 0603HAYEHHE BCCX TTPOCKINH
TeH3opa PumaHa— Kprcrodupens.

2) Jlepas uacTh ypasHenuit (5.3.11) nomxHa GHITH HETPHBUATLHON
XOTs1 Obl 071 ONHOH KOMIOHEHTB! Hiy), T. €. COOTBETCTBYIOLIMH
TeH30p R(y) LOIKEH OBITh HECTALMOHAPHBEIM U MPOCTPAHCTBEHHO-
HEOOHOPOIHBIM: ‘

drByy) #0; ¥, Ry # 0. (5.3.12)

HenocpenctreHHoi mpoBepkoil MOXHO YOSOHThCA, YTO IAH TpO-
CTPaHCTB DHHILTEiHA HMCET MECTC TOXIECTBO

X A
gAUVAVURpﬂﬁV + RoA*aﬂ-ngu- -+ Z(RJGVAR;:-[‘; + Ra,uo-Rz).ﬁ-) =0,
(5.3.13)
Orciona cnefiyeT, 9T0 CYIUECTBEHHEBIM ABISETCA UMEHHO BTOpOE Tpebo-
BaHHE.
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[Ipoenupys (5.3.11) win Toxnectsa (5.3.13) nocpeactsom 7° 1 AS u
Nepexost K MOHAIHBIM BETMYHHAM H ONIEPATOPaM, MOTYYAEM COOTHOLICHUS:

(5% - h#vﬁ,u ﬁu )Xaﬁ = (b(:ﬁ');

(0% — BV, ¥, Yog, = D). (5.3.14)

afo?
2 T (2)
(O — W'V, V) Zopen = (I)a{i‘a)\y
rne ‘bfg, @220, @ffgm\ — KOBaPMAHTHEIE TEH30PHEIE QYHKIHMMU, HE CO-
AepXallue NPOH3BOIHEIX BHIIIE TTEPBOrO MOPSIIKa OT TTPOeKIMi TeH30pa
Pumana—Kpucrodgens.

STOT KpUMTEpHil B pAE CITYYaCB COOTBETCTBYET YIOMAHYTHIM BbI-
e ajiredpavyeckMM KPUTEPMHM TPasUTALMOHHBIX BOJH, (haKTMYECK]
03Hayas pa3MuHble crocoGhl 06pe3aHusa ToXaeCTRa (5.3.13).

Ecau pedrepe HUMOHHBLIA KPUTEPUit BBHITTONHAETCH HE JUIA BCEX TPeX
TeH3opoB X, Y, Z, a TONBKO i GIHONO WiH ABYX U3 HUX, TO MOXHO TO-
BopuTb 0 X -, ¥ -, Z-BONHOBBIX TPOLIECCAX WM O cMecH uX. {OTMeTUM,
YTO B BAaKYyMe, BCICACTBUE COOTHOWEHME Ry, = 0, pesmuunbl X,
H Zaupy OKa3blBAIOTCA CBA3AHHBIMY LPYT C APYIOM, [OCKOJBLKY B 3TOM
cmyqae X,y + Z.fm,, = 0, T.e. TOrma OOCTATOYHO TOROPHTE JUIHL O BOJI-
HOBBIX NpoLieccax AByx Tunos: X u Y.)

DHINKo-reoMeTpudeckmne
TEeH30PbI BONHOBOIO ApoLecca

Baxnoii 3agaueil pedpepeHUIHOBHOrO NOAX0IA ARIACTCSH BEIACHEHHE
YCROBMIT CYLUECTBOBAHHS IPABM-MHEPLUHMANBHBIX BOJHOBLIX IIPOLIECCOB
B 3aBUCHMOCTH OT 3HAYEHHI M CBOMCTB (PU3UKO-TEOMETPUYECKHX TEH-
30p0oB. B YacTHOCTH, MOXHO CENAaTh HEKOTOPHIE BBIBOARI 00 OTCYTCTBMU
BOJIHOBOFO TIPOLIECCA B HCKPUBICHHOM NPOCTPaHCTBE-BPEMEHH (B yKa-
33aHHOM BBIIIE CMBICAE) B 3aBHCHMOCTHM OT ofpalleH¥sd B HYIb 3THX
TEH30POB B OTACIBbHOCTH WJIH COBMECTHO B PAVIMYHBIX KOMOHHAIIMIX.
Bo3MOXHBI BOCEMb CAYYAER:

(1) a, = 0; dpu =0; Wupy = 0; (5.3.15)
(2) a,#0; du=0; wy=0; (5.3.16)
(3) a,#0;, duw #0; wy=0; (5.3.17)

(4) a,=0;, dy#0; wy =0; {5.3.18)
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(5) ay=0; duw=0; wy #0; (5.3.19)
(6) ay#0; duw=0; wu#0; (5.3.20)
(7) ay#0; du #0; wu #0; (5.3.21)
(8) ay=0; du #0;, W #0. (5.3.22)

AHANH3 [10KA3bIBAET, YTO IPaBH-MHEPLMATLHBIE BOTHOBbIE NPOLECCH
OTCYTCTBYIOT B corydasx (1), (2) v (5), BO Bcex oCTANBHBIX S ¢lyqasX BoJ-
HOBBI¢ TTPOLIECCH BO3MOXHEL. Mcenenopamics U Gonee TOHKUE YCAOBHS
OTCYTCTBHA TDABH-WHEPUMATBHBIX BOTHOBRIX IPOLIECCOB B 3aBHCHMOCTH
OT 00palLEeH st B HYTh TIPOU3BOIHBIX OT (HH3HKO-TEOMETPHYECKHX TeH30POB.

UHCI0 BOIMOKHOCTEH CYILIECTBEHHO COKPAILACTCS , ¢CTH OTPaHWIUTh-
€5 PACCMOTPEHHEM JIHIUB HOPMAJBHBIX CHCTEM OTCYeTa, KOTAa Wy, = 0.
Toraa OTIAAAIOT NOCAEAHME YeThipe BoaMoxHoctu (5)—(8) u ocTalores
Avwe 18a cayyad (3) u (4). U3 (5.3.17) u (5.3.18) Buaxo, yro B HUX
HeOOXONMMBIM YCJIOBUEM SBJSETCA OTIMYHE OT HYIIs TEH30pa CKOpO-
cTeii pedopMatiif, B HOPMATLHBIX CHCTEMAX OTCHUETa HanpalMBaeTcA
TIPOCTaA KAacCU(DUKALMs TPABU- AIHEPIHATLHBIX BOJHOBBIX TIPOLIECCOB
B 3aBHCMMOCTH OT PaBEHCTBA T HEPABEHCTBA HYNIO BEKTOPA G.

.Konrponbhbie 3afnaHus

1. Hokasars, tto xapakrepicTudeckoe ypasHerue (5.3.7) id npocTpaHeTs
SHHIITeHAa NOCPEICTBOM ONiepallMi CITOXEHHA B OTIPEASTHTEAE CTPOK
H CTONGLOR (¢ HEKOTOPEIMH KOMIUIEKCHBIMH KOXDOUIHEHTAMHA ) TIPH-
BOJIMTCS. K BUIY
X+iY + M1 0
0 T (X —iY +A)

= 3

|Msp—Ganl=0 —

(5.3.23)
roe 3 x 3-marpuunl X ¥ Y onpeneneHel Yyepes KOMNOHEHTH! TeH30pa
Pumana—Kpuctoddens b (1.4.8), a I — eauHnuHas 3 x 3-Marpaua,

2. Joxazate audrpepenMansHoe (BOIHOBOE) TOXIECTBO LA TEHIODa
Pumana—Kpucroddens (5.3.13), ucxoaa u3 toxaects BuaHxu.

§ 5.4. Anaaubin metog

B paMkax pedepeHIMOHHOTO MOAX0AA K ONTWCAHWIO TPaBUTALIMOH-
HBIX BOJTH €CTECTBCHHO HCMONB30BaTh 60Iee TOHKHUI (HEXeTTH MOHALHBII)
IMATHBIIA MeTox, T. €. MeTOA (1 + 1 + 2)-pacwenienns 4-MepHOTO Tpo-
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CTPaHCTBA-BPEMEHM, 3AHUMAILWNA NPOMEXYTOUHOE MONOKEHUE MEXIY
MOHAIHBIM M TETPASHLIM METONAMH. DTO OOBLACHASTCS TeM, UTO B CIly-
4ae BONHOBBIX MIPOLECCOB OKA3biBaeTcd (PM3MYECKM BBLIACTICHHBIM €LIE
OIHO — NPOCTPAHCTBEHHO-NIoA00OHOE — HAfpaBliEHUE pacnpocTpaHe-
HUA BOIHOBROIO nOpouecca 1#. JloGapnsist ero K paHee OLpencIeHHOM
monazse 7", npuxonum K nBym pextopam — auaae {r*,1*}.

5.4.1. O6GweKkoBapUaHTHLIA ANaAHLIA METOq,

HnanHelt METOM, KAK W MOHAIHBTH, MOXHO MOCTPOMTh KaK B oOLIe-
KOBapHaHTHOM BHAE, HHKAK HE CBjI3aHHOM ¢ BHIOOPOM KOOPAWHATHBIX
CHCTEM, TaK H B IDYTITIOBBIX KATHGPOBKAX, XOraa KOOPAWHATHBIE CHCTE-
MBI CTIEUHAABHBIM 00PA3OM TNPHBS3aHBl K BEKTOpaM Avambi. JQuaTHeId
METOl, KaK ¥ MOHANHBIH, €CTeCTBEHHO IPEACTABUTL B BUIC TPEX CO-
CTaBHBIX YacTeit [1, 5].

Anrefpa anaaHoro meroga

B ofmekopapuaHTHOM GOPMYTHPOBKE TAATHOIO METOMA CleayeT
MCXOIUTh U3 3aJ1aHUA IBYX B3aWMHO OPTOTOHATKHBIX KOHTPY3IHUWH, by-
ZIeM TIOJIATaTh, YTO OfIHA M3 HUX ABARCTCA BPEMeHU-OI0OHON, cooTBeT-
CTBYIOLEN MUPOBBIM AWHHUSAM NMPUGOPOB CHCTEMBI OTCUETA, 4 Opyrasd —
IPOCTPAHCTBEHHO-TIONOOHOM. BIONE HUX BBOJSTCS €IVMHWYHBIC Kaca-
TeabHbie BekTopbl 79 u ¥ (oM. puc. 5.3).

Puc. 5.3. flokansroe {1 + 1+ 2)-pacwennenne
4-MepPHOTO NPOCTPAHCTBA-BPEMEHU
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B auamHoM MeTOe METPHUECKUIT TeH30p NMPEACTABALETCH B BUIle

G = 9(0)9,(0) — 9u(1)g.(1) - Vv = TpTo — Lo — Vpoo (5.4.1)
rie COCTABRISAIOLINE YAOBASTBOPSIOT YCIOBINM OPTCHOPMHPOBAHHOCTH:

=1L L' =-L yuy =2 nlf =" =" =0
(5.4.2)
3aech 7y, — METPHUECKUIT TEH30p 2-MEPHOTO NPOCTPAHCTBEHHO-TI0006-
HOTO JIOKAJIBHOTO ceveHust, oproronanshoro r# = g#(0) n ¥ = g#(1).
B Takoii Teopuy McHI0NB3YI0TCH THOO0 CKATAPHl — TEHIOPHDIE BEAUYMHEL,
CBEPHYTLIE TO BCEM MHIEKcaM ¢ BekTopamd 7 u 1Y, nubo 2-mephnle
TEH30PE!, CHPOCUHMPOBAHHEIE HAa HAMpABIEHMS 2-MepHOM JOXaabHOM
HOBEPXHOCTH NOCPEACTBOM —7Yh .
DeKTPOMArHNTHOE WJIH MHOE MITYYEHHE, PACpOCTPaHSIoHIcecs
CO CKOPOCTBIO CBETA, XAPAKTEPH3YETCH M3DTPONHLIM BOJHOBbIM BEKTO-
poM k*. BpeMmeHH-noa06Has 4acTh 3TOTO BEKTOpa MPONOPLUUOHANEHA
4-cxopoctu ¥ = 7 McnonbayeMoit cnctemet otcuera. IlpocTpascTpeH-
HO-NIONOGHYI0 YacTh —hbk” Hcnonb3yeM MTA ONpEJeNeHHA BTOPOTO
EXHHHYHOTO BeKTopa anais I¥, oproronansHoro 7 Tak, uto

ko= (£ 1")w(z), (5.4.3)

rie w(z) — vacToTa HaMyueHus (ckatsapHas byHKma). OueBUaHO, TaK
OTpedeNeHHbI BeKTOpP M30TPOIeH. B naHHOM WHTEPNPETALIMM METPH-
4eCKMil TEH30P 2-MEPHOTO CeYeHHS Ygy,, OPTOTOHATBHOTO k¥, xapakTe-
pH3yeT (PPOHT BOJHOBOIO NMpOLIECCa.

Bo3sspamance K anredpaniecKiuM KpHTEPHSIM IPABUTALIMOHHDIX BOJH,
OTMETUM, 4TO ¢ COOCTBEHHEIMH BEKTOPAMU XAPAKTEPUCTHUECKOH MaT-
pulisl (5.3.7) ca3anbl BekTopbl Jebepe ky, , Tak Ha3BaHHbIE O HMEHH aB-
TOpa, YCTAHOBUBLIETO XapaKTEPHEIE COOTHOWMEHUS (YpaBHeHus Jlebese)
JUISL 3TUX BEKTOPOB W KOMIIOHEHT TeH3opa Pumana—Kpucroddens,
TIO3BONIAIOIIME PA3TMYaThL IOATHITE npocTpadcTe. [paBeneM 311 ypan-
HEHUS AN TNOATHNOB, NPETEHAYIOIIHX Ha BONHOBOH XapakTep.

1) Vpapuenus HeGese m1st noaruna I11 npeacTaBmsaoTcsa B BUIC
k#(Ragw,k,\ — Ragurky) = 0. (5.4.4)
2) VpasHenwue nag noaruna N IPHHMMAET BUA

k® Roppuw = 0, (5.4.5)
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NOIBOIMBIUIMHA TPAKTOBATh 3TO COOTHOLEHHME KAK YCJIOBHE OPTOro-
HANBHOCTH BOAHOBOYO BekTopa kK KOMIIOHEHTaM HampsXKeHHOCTH
CcBOGOIHON TPAaBMTALIMOHHOMH BONHH.

3) lebese mokasan, 4yto Ans MpocTpaHCTs noatunod N u 111 nMelor
MECTG COOTHOUICHHSA:

Ropuhk®* =0;  Ropu kK" =0, (5.4.6)

Avagnsie PHINKO-reoMeTPHYECKHE TeH30Pb!

M3 guanHBIX COCTABAAOIEMX METPUYECKOro TEeH30pa M UX Tiep-
BBIX NPOH3BOAHBIX B CaMOM ODLUCM CJIYYae MOMHO NMOCTpouTh 11 Heza-
BUCHUMBIX JHAOHEIX (PH3MKO-TeOMETPHYECKMX TEeH30pOoB. BeIMMnEM Mx
B 0OLUEKOBAPHAHTHOM BHIE. BBeoeM InA HUX YHMGMUMUHMPOBaHHBE 060-
3HaYeHHA, 0003Ha4uasA HHAEKCOM U B CKOOKAX BEAMYHMHbL, BOSHUKAIGLLHE
H3 OpeXHUX MOHATHBIX TEH30POB, 3 MHAEKCOM 1 B CkoOKax — COOT-
BETCTBYIOLUHE BTOPOMY BeKTOpY avankl. CeMb TEH3OPOB IOAY4ardTCH
BCEBO3MOXHBIMH IIPOCLUPOBAHMAMH TPEX MOHANHBIX (PUIMKO-TCOMET-
PHYECKHX TeH30pOB Ha HanpasneHus [ n vy:

a(0)=ra,; a(0)a=—7ta, dO)=1du;  d0)ap=7vhdu;
w(0)ap =727pwWas w(0)a= ’Yglvw;w; d(0)o = "‘7glydpu-
(5.4.7)

v Tpu DBagHBIX QU3NKO-TEOMETPpHUYECKHX TEH30pa TIONMYHarTCH aHa-
JIOTHYHO MOHANMBIM 3ameHoi T 1 huy Ha COOTBETCTBEHHO i* u VYo

By ! -1
0o = s ~lo)i gz e T,
Ho v (548)
Yol w + i)
3 :

Haxonen, ooHa BexTOpHas BETVUMHA MOARIAETCS W3 COBMECTHOTO Pac-
CMOTPEHHMA ABYX BEKTODHBIX TONEH:

d(l)aﬁ = -

o vl .,—l
wt)g = 1Ty “lo),

Hroro, nMeeMm: 4eThIpe TEH30P2 BTOPOTO PaHra, MATh BEKTOPOB W ABA
cKansgpa.

(5.4.9)
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////v a)%/// 6) ///"//'/ 8)

Puc. 5.4. [eOMETDUYSCKIMA CMBICA TPEX ONTUHECKMX MHBAPWEHTOB

Xapakrep KOHIPYIHIUKH U30TPOTIHBIX TMHHIE MOXHO OITHCATH € TIO-
MOLBIO TPEX OMTHYECKHX WHBAPUAHTOB:

E = ﬁ- Qz _— (kﬂ,l‘f - ku,u)k‘u;”.
4 M (5.4.10)
2 _ (k#;f) + ky;p)k#,V 1
o = 2 ~&

KOTODBIE TIO3BOLTIOT COTIOCTABHTh KOHTYPH HENpPO3PAuHOTo NpEeIMeTa
C €ro TEHbIO Ha IKPAHE, PACHONOXEHHOM, HA HEKOTODOM PAaCcCTOSHHH
dr 3a npeameroM (cM. puc. 5.4).

Bennuuna ¢ dr xapakTepuayeT pacTSXeHHe WM CXaTHe TeHH
(puc. 5.4a), Q dr — nosopor (puc. 5.46), a Jo| dr — caur (cIUTIOCHY-
TOCTB) T€HM (puc. 5.4 8).

OnrudecKue MHBAPHAHTRI JIETKO 3AMMCaTh Yepe3 AHaIHbe QH3UKO-
TEOMETPHUECKHE TEH30Pbl. [ 3TOrC ydTeM, 4TO M30TPOMHBIC AHHHUH,
K KOTOPBIM KacaTeleH BOIHOBOM BeKTop k', SIBJIIOTCS Te0Ne3MYECKHMH,
T.&. BEKTOp k* yIOBJETBOPSET YCIOBHIO:

Ekh=0 — (") [w, (¥ +o(r*£1),]=0. (5.4.11)

3peck U najtee BEPXHMIA 3HAaK COOTHeTCTBYeT Bmbopy k¥ = (7% + ¥)w,
a HIDKHUH 3Hak — aHAIOTHYHOMY BEIPAXECHUIO CO 3HAKOM MHHYc. TTpo-
€LIMPys 3TO COOTHOLIEHME HA HaOpaBiaeHus T, 1, ¥, Momyyaem:

- 1
d(0) F a(0) + Ew,,,k" =0; (5.4.12)

a(0), + a(1)y F 2(w(0), +w(1),) = 0. (5.4.13)
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Hcenonbsyn (5.4.12) v (5.4.13), onitnyeckye CKajaphl MOXHO 3AILMCATh B BANE
P —%(d(ﬂ)d:d(l)); (5.4.14)

0= %2 [w(0), £ w(1)] [w(O £ w(1)*]; (5.4.15)
2 w? 2 v w? 2
o= [d(0) 4 £ d(1) ] [dO) £ 2(1)*] - T (d(0) = d(1))".
(5.4.16)

DTH QOPMYNBI TIO3BOAKIOT HAACTIUTL (PUIHYECKUM CMBICIOM NHATHBIC
dusuko-reoMerpudeckue Ter3opst W(l}uy, 4(1)u 1 d(1).

Auagnsie oneparops: Anddepenunposanns

B xauecTBe OCHOBHBIX AMANIHBIX ONEPaTOPOR (B 0GLIEKOBAPHAHTHOM
Buie) BHOEpPEM CREAYIONMIME TPH, KOTOPBIE NPU NEHCTBHM Ha 7 -CRpo-
€LIMPOBAHHBIE TEH3OPHI JAIOT ONATH 4 -CNPOELUPOBAHHMBIE TEH3IOPHI:

1) nmanHetit oneparop BpeMenHoro anddepeHunpoBatus

AOBL
il
e N, =715 — 0, — 2Mw(1), - 2,[d(0)* - w(1)*;
'2) muamHBIi onepatop AMddEpeHUMPOBAHMS BIOTE [
G,BE =04 8 g By =

VBT o o
DB -+ DBY .., (5.4.18)

=7 ~NPBY -+ NMBE 4., (5407)

me Ly, = 1 — 1*a(1), — 277w(0), — 27, [d(0)* — w(1)*];
3) avanHas KOBapHaHTHasi MPOU3BOMHAS BLOAb HanpaBneHuit ¥ (Ko-
BapHAHTHOTO 2-MepHOTO MHdHhepeHIIMPOBAHHS }:
VBl = Tl B wBE (5.4.19)
3amuchk OCHOBHEIX cooTHowmeHuit OTO B IHagHOM BHIAE O3HAJaeT

npeicraBieHne OOLICKOBAPHAHTHLIX BETMYMH W BbIpAXEHHH MCKTIO-
YHTENLHO 4epel CKANAphl W Y -CrPOCIIMPOBAHHBIE TEH30Dbl, AMAHbIE
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$HUHKO-TEOMETPHUYECKIE TEHIOPLI ¥ OHAAHLIE OMepaTophbl JubdepeH-
LMpOoBaHYs. B oblLeM ciyyae Takue BHpaXeHMs UMEWT JOBOJIBHO IPO-
MO3IKKIL BHAI.

5.4.2, KuneopomeTtpuieckan kanubposka guaasoro meropa

JMamHLIii METO BEeJIECO0BPasHO MCTICNB30BATE B CIIELMABMbIX TPYTIIOBLIX
KannOpoBKaxX, aHATOTHYHEIX HATOXEHHBIM B TaBse 4 XxanuépoBkaM MO-
HagHoro meroda Terepes ux Bymer Gonbire. OrpaHUYUMCA ClTy4YasMM
NEPBUYHOTC BHIIETCHHS BPEMEHH-TONOGHOTO BEXTOpa T, TOra HMEeeM
YEThIPE TPYILNOBHE KANTMOPOBKK NUANHOTO METOAA 3,

|. Himest B Buay npuMeHeH e IMAAHOIO METONA K OIIMCAHHIO TPaBUHHED-
IMATBHEIX BOTHOBHIX MPOLECCOB, 3€CHh PACCMOTPUM KMHEOPOMETpHYe-
cky1o Kameposky nuanm {7, I}, koTopas ocyluecTRAsieTCA B ABa ITANA
CcHocoloM, aHaNOTHYHLIM KHHEMETPHYECKOH KanuOpoBKe MOHALDL:

NP L
Ve® -V
gﬁl . /9.00 00}

= (5.4.20)

thl
. _ (T _ .
ty = NI { VPO T = g%gTTy’ /gl g0 = gglt’
" * pis! _ {0. gTg® — g®gTi - gUlgh2 — g12g00 ‘
VR \/gTo \/900(901901 _ googu)
g% g% — g13g® }
\/gno(gmgm _ googu) *

(5.4.21)

tne *h*! — KOMIOHEHTS! METPHYECKOTO TEH30DA 3-MEPHOTO TIPOCTPaH-
CTBEHHOTO CeYeHHs B KKHEMETPHYECKOH KaTnOpoBke MoHanbl. Komno-

3 Tlockonsky B [NaBe 4 Ln9 HMX TIPHHATH IPEYECKHUE HARAHHMA, [IPCANOXEHHBIE
A. JI. 3enbMaHOBRIM, TO MnA 0GOIHAYCHUS HOBMWX METONOB [PHXOIHTCA CNCAC-
BaTh 3TOMY Xe cnocoby. Tak, mna oboIHaueHUA KATHOPOBKY MPOCTPAHCTBEHHO-
ToHOGHOTC HANPABNCHHSA, AHANOTHYMHOW XPOHOMETPHYCCKOH (TEpMUH, NPOH3IBOL-
HEIA OT TPEYECKOro CNIOBA X poVog — BpEMA), TIPHMEM TEDMUH XOPUOMEMPUHECKaA
KANHGPOBKa (IIPOMIBOIHBIR OT IPEYCCKOTD CAOBE YW ALY — MECTO), 8 ATA Kanu6-
POBKH, COOTBETCTBYIOLICH KHHEMETPHYECKOH — TepMUH opoMempuyeckan Katub-
poBKa (NpOMIBOAHBII OT IPEYECKONO CIOBA 0PQW — BHXY).
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HCHTbIL Z-MEPHOI‘O METPUMECKOTIO TEH30pA ¥y TOINA HAXOOATCHA B BULC

o 979" -9"9"  (¢%9% —9"9™)(g" g™ ~9""g%)

Y g% 900(g" g% — gWgTy ’
PO S 3 _ g" :
Yer="8 Tn="Gn: TYoo=—"Goo~ W’
00 _ 0l
Tu=—gu-— QO'QTQ—W; Yo =—go — W%@W; (5.4.22)
DL 1E _ 06 o1
H=r¥=0 H=r=0 ¥= gmgm _gm};n '
¢ g0g%—glg®
= Ty
CucTeMbl KOOPIWHAT, B XOTOPHRIX
=1 =0, I =lé=0,
CBA3alibl TAKHMH ﬂpeOﬁpa:iOBaHH.ﬂMH KOoOpauHaTt, 410
0 0e
arh T
STo NMPUBOANT K BRUIENCHHIO KITACCA NMpeodpa3oBadHuil KOODIHHAT:
2" =2%"; &' =2"(2° 2" (5.4.23)
2t = * (2%, 2!, 22 2. (5.4.24)

HasoBeM KMHEOPOMETPHUYECKM-HHBAPMAHTHBIMY (K. 0. U.) 2-TeH30paMu
TaKHe BeJIMMHHBI, KOTOPBIC MHBAPHAHTHEI [IpH nipeobpazopaHusX (5.4.23)
H KOBAPHAHTHBI OTHOCHTEIBHO npeobpasosanviit (5.4.24). TaAKMMH CBOJ-
cTBaMi 001a7aI0T CNEAYIOLTHE KOMIUTEKCHI, 06PA3OBAHHBIE M3 KOMMNO-
HEHT NPOU3BONEHOTO TeH30pa BY :

By g 1Py L

0.0 1 1 .
- Bij"'g’?"'(gﬂﬁ)mlz (*R11)n72 O Y (5.4.25)

Takum o6pa3oM, (K. 0. 1.) TEH30paMHU TRASOTCS BCe T- M - CHPOEIHpPO-
BaHHBIE TEHIOPH (CKANApPHI), 2 TAKKE BCC KOHTPaBAPHAHTHBIE H TOLKO
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€ KOBAPMAHTHBIMH MHIEKCAaMM 2 M 3 7¥-CHPOEUMPOBAHHBIE TEHIOPHL.
B Takoii xanMOpOBKE ROCTATOYHO MCIOAL3OBATh JKILB (K. O, H.) BEAK-
YUHBI

. B rpynnossix xanuGpopkax AHanmble GU3MKO-TeOMETPUYECKHE TEH-
30pbl 3AIMCHIBAIOTCH C MHAEKCAMM, NPHHUMAIOUIMMH AMUIbL JR3 3Hd-
geHust (2 u 3). Iocne moaCTaHOBKM B 9TH GOPMYIILL BLIDAXEHUH ANd
OURTHBIX COCTABMIOMIMX METPUYECKOID TEH30PA OKAIBIBAETCH, YTO B Ki-
HeopomempuHeckod kaaubpoexe TpU U3 11 GUIMKO-TCOMETPUYECKIX TEH-
30p0B TOXAECTBEHHO 00PallaioTCH B UYL

W0} =0; w0y =0, w(l)y=0. (5.4.26)

Hl. Nuannbie onepaToph B KMHEOPOMETPUUECKOIL KanNOPOBKE MMEIOT
BHI.
1) onepaTtop BpemMeHHOTo aMMbeper IMPOBaHHS

. 8BL -, - .
A n £
“orB. =71 = ~NEBY - 4+NPBLU+...,  (5427)

e N5 = 77795 4;
2) oneparop ardbdepenumupopains BaoAb I

ae. GOBST o —p e
“oLB = - LB - +L0BL 4., (54.28)

rae I, = 1795 ,;

3) onepaTop KOBapHAHTHOro 2-MEPLIOro AU(depeHiInpoBaAHHSL

juaef P 3§£..' - ..: g}""’...
CVBYl = e BBy Ao ESBS . ~..., (5429)
e MCIONL30BaHbL 2-mepHbie cuMBOLL Kpucroddens

g Y (0 D O
T \ 9zt dxv ozv )
JUta MOAHOTHI KapTHHB 3A¢Ch TOMBKO HAa30BEM eUie OAHY OOHO-
POAHYIO — XPOHOXOPHOIEOMETPHHECKYIO KaTnOpoBKy AMambi M elle
JBe cMemIayHbIe KaTHOPOBKY AHANHOIO METO1A: KHHEXOPHOMETPHYECKYID
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H XpoHoopoMeTpuieckyio. B XpoHoxopuoMeTpuyecKoH xanuGposke oba
BEKTOpa Auanbl MOCHENOBATENIbHO KAAHOPYIOTCH CROCODOM THIA XPO-
HOMETPHYECKOTO. B KMHEXOPHOMeTpMueckoli Kanubposke bextop 7
3a1a€TC KHHEMETPHUUECKHM CNocoboM, a 3aTeM BekTop [ onpegenser-
¢ XOpHOMeTpUYeCKUM 06pa3oM. B XxpoHoopoMeTprYeckoil KalHOpPOBKe
BEKTOp 7" KanuOpyeTca XpPOHOMETPMUECKMM 06Pa3oM, a BEKTOP * 3a-
TeM KanuopyeTesi criocoGoM, AHATOTHYHBIM KMHEMETpHYecKoMy. Bonee
nonpofHO 5T METORBI M3NOXeHw B |1, 5].

KontponeHuie 3aganns

1. 3anucais TMANHBIE COCTABNAOIINEG METPHYECKOTO TEH3OPA B XPOHO-
XOPUOMETPHYECKOH Kanubposke.

2. BHINHKCATh BoUIEASHHBIE MPEoOpaloBaHHs KOOPIHHAT B XPOHOXOPHO-
MeTpUyecKoil Katubpopke.

3. TlokalaTb, YTO B XpPOHOXOPHOMETPHYECKOR KATHOPOBKE TOXTECTBCH~
HO PABEH HYJIO JINLL OOMH M3 OHARHBIX (PH3UKO-reoMeTpHHecKix
TEHAOPOB.

4. BbiuleseHHe TPeTHETO OPTOHOPMMPOBAHHOTO BEKTOpa B 4-MEPHOM
HPOCTPAHCTRE~BPEMEHH NMPHUBOAHT K TETPAAHOMY METORY, B KOTOPOM
METPHYECKUHA TEHIOP NPENCTABAACTCA B BUIE

G = gu(a)gla), (5.4.30)

rAe BpeaeHo efMHo00pa3Hoe oGo3HauCHe g,,(a) LIS deThIpex BeK-
Topob Terpansl (a =0, 1, 2, 3), TaK 4t0

v 9@ =7, g)=1;
TeTpaxHeiii MeTO, KaK H MOHAAHLIN WM JUANXHBINA, TakKe YAOOHO

AIPENCTABUTD B BHAE 3 COCTAaBHBIX Yactel. Pa3buTe atreGpy teTpan-
HOTO MeToja. :

5. B pamxax anreGpbl TeTpaIHOrO METOMA NOC/AESOBATENLHO OTKATHG-
POBaTh KOMTOHEHTHl TETPAIb METOZOM THMA XPOHOMETPHUECKOTO.
BrimucaTh BbliefeHHEBLE TPYTINE Npeolpa3oBaHyit B 3T0H KaTHOPOBKE.

§5.5. AHann3 BONHOBbLIX pelweHnis
ypaBHeHuit DuHwTenHa

IMpUMeHHM H3IOXEHHBIE BHIIEC KPHTEPUH W METOIBI I/ aHATHIA
KaK TOYHBIX, TaK W NPHOAMXEHHBIX (THHEAPH30BaHHBIX) BONHOBBIX pe-
eHWit ypaBHeHHH DlHurTeiiHa.



204 Masa 5. fTpumeHeHne MOHARHOIO METO4a

5.5.1. AHafnN3 TOYHLIX BONHOBLIX PELIEHUIA

1k 4 a2 Ev] L¥]
PaccMOTPHM HECKOIBKO TOMHBIX pelueHHii ) ypamHenuit DiitwTeiina,
O TEM WIK HHBIM KPUTEPUAM OTHOCHMBIX K BOMHOBBIM.

|. Obsemnnie soanvt Bondu— ITupanu— PoGuncona onyCHBAIOTCH METPH-
Koit (noatuna N):
ds® = (dz°) - ((dz')* + a(dz?)’ + 28 da* dz’ +y(dz)?), (5.5.1)
0

tie @, B 4 ¥ — Tpu GYHKUMHM oT ¢ = 2’ — &', ynromiersopsouse
YpaBHEHHIO

A~ -;—A'(ln A —ay - (@)Y =0. (5.5.2)

3nech A = ay — ﬁz > 0, Tpux o3Havaer AuddepeHUHPOBAHKE IO .
HAA 3TGH MeTpHMKH B KMHEOPDOMETPHIecKOH KamuOpoBKe BoIGHpa-
ercst pvana kB = ¥ = 1¥, e

™ ={1,0,0;0}; ¥ ={0;1;0;0}; ¢ = (g 2) . (553)

JHagHeie GUIHKO-TEOMETPHYECKHAE TEH30DH! HAXOAATCA B BMAC,

a(0) = d(0) = 0; a(0)¢ = a(l)g =¢¢ = w(l)g =0

18, 18, (5.5.9)
W= 3505 W =35,0

B DaHHOIi cHcTeMe OTCYETAa BEKTOP YCKODEHHA paBed Hymwo, T. €.
ITOH METPUKOH ONHCHIBACTCA CROGOOHMU 2PaBU-UHEPUUANLHbIE GOAHOBOL
npoyecc (KOHTPYIHILMSA MMPOBBIX JIMHWIHl CHCTEMb! OTCYETA SIBNISETCS
Teoae3mYeCKoit),

. Mempuxa Taxeno (noaruna N) yauie BCerc NPHBOAXTCA B BUIE
= (P + 8}dz")* - 28 d2® dz' — (P - $)}(dz")? - a(dz?)’ -
- 28 dx? dz® — y(d2’)’, (5.5.5)

) Wanoxerno u aHANK3Y TOUHLIX pelseHuit ypaaucnnu JiAHWTeHHA MOCBALICHA
cneuHansHas MoHorpadua [6].
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rie @, 3,7, Pu § — nATh HYHKUWH apryMeHTa # = :co-:cl, Ha KOTOpEIE
HANOXEHO TIpEXHee yeaobue (5.5.2) B Tex xe 0603HaYeHMsIX,

B naHROM CAy4ac ONATH UCTONB3YEM CUCTEMY OTCYeTa (M OpMeH-
TAUMA) NOCPEACTBOM KMHEOPOMETPUYECKOH KATUGPOBKM IHMaAbl B MC-
MOTB3YEMOM KOOPAMHATHON cucreMe. Toraa CoOCTaBAsIOMIME METpHYe-
CKOT0O TEH30pA MMEKOT BHUI

P-5 S
T“=={ - .;&0};

P PyP -8

: (5.5.6}

P S
=90, ~————;0;0 .

PYP-§
CocTaBIAIOLIME 2-MEPHOIO METPHYECKOTO TEH30PA TIO-NPEXHEMY OTIpe-
nenswres dopmynoii (5.5.3).

Aunaativie GHIMKO-FEOMETPHYECKHE TEH30PL! HAXOASTCA B BUE:

- -28P'+ PP+ PS'
al0) = &0) =~
e(0); = a(l)e = g = w(l)g = 0; (5.5.7)
Yen

d(0)gy = d(1)gy = TP =%

BexTop nnans! peibupaerca B suge &' = 74 +1*, Moxno nokazars,
YTO TS 3TOH METPHKY OTIMYHBLI OT HY/S JIMILb NONEepedHO-IIOMIEpey-
Hbl¢ KOMITIOHEHTH! TeH30pa Pumana— Kpuctoddens. daHHag meTpiika
YAOBMETROPAET KaK aAre0panIccKomy, TaK H pedepe HIUOHHOMY KpHTE-
pusiM. Ha ocHope aManuoro noaxoga B pacCMaTpUBAeMO CHCTEME OT-
CueTa MeTPHKY TakeHO MOXHO HHTEpPNPETHPOBATh KAaK OIUCHIBAIOLLYIO
HPOJONBHO-HECEOG0NBIL 2padu-LHepyuaioHatil €0anoeold npoyece (Korda
NIPOXOXIEHHE BOAHBI COMIPOBOKIAAETCH YCKOPEMHEM CHCTCMBI OTCYeTa
B HaNpPABACHUH PACTPOCTPAHCHHSA BOJTHBI).

Wl. Mempuxry Posena taxcke noatuna N MOXHO 3amcaTh B BHAE
ds’ = e [(de”)? - (dz')] - w’[e¥(dz?)? - e (2*)?], (5.5.8)

e plu) w v(u) — oyHkm or ¥ = & — z', yaosrersopsiomme
ypaBHCHUIO
2’ = u(v') (5.5.9)
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IV. UHTepecHbIM [IPUMEPOM «BOJIHOBOi» METPHKM NoaThna N ARjA-
etcs pewenue flepeca: ’

ds® = (dz°)* - (dz')? - 2p(de” + dz')? — (dz?)* - (d2’)?, (5.5.10)
rae GhyHKIINA p(m“, &, 2, :::3) VAOBNETBOPSET COOTHOLIEHHIO

° P 3299

dz’dz? + driox’

CrnenyeT OTMETHTD, YTO QYHKLUS ¢ B CAMOM ODLLEM Cay4ae MoXeT

HE 3aBUCETh OT Z', T. &, Mempuka ITepeca Maxcem cayxcums npumepom

mempuru noomuna N, He asamwowelica 6oaHoa0l. ITO AHANGTHYHO CH-

TyauMu B JJEKTPOIMHAMMUKE, KOIIAa CKPELIEHHbie CTATHYECKHE OIHO-

POLHBIC EKTPHYECKOE K MATHHTHOE TIONA XapaKTEPU3YIOTCA PaBHEIMU

HY/II0 MHBAPHAHTAMM, T. €. (DOPMATBHO YACB/ACTBOPAIOILMMH anrebpan-
YeCKHM CBO{ICTBAM 3JEKTPOMATHUTHOI BOTHBL.

=0, (5.5.11)

V. Luaundpuveckue eoanst Jinwmeiina— Pozena, B 1IpOTHROTIONOKHOCTD
TIpeOBIOYLIEMY CIYYAI0, He YOOSACINBOPAION HI OOHOMY BOAHOBOMY ateel-
DAUMECKOMY Kpumepuro, ODHAKO €CTh IOCTATOYHO OCHOBAHWIH CYMTATh
3TY METPHKY BOJMHOBOH. Pewlenne BitHmTeitHa— Po3deHa onpenensercs
METPUMKOM (B LWTHHAPHYECKHX KOODIMHATAX T, Z, )

rae ¥ M P — aBe GyHKUMH 2 u T, YIOBJETROPAIOLLKME CAEAYIOINM
YPABHEHUAM:

Ay 18y 9y

g0t rar  ort

2 2
oy _ [(2eY , (0¥ oy _, 8 8
— =T|{ — s T A — .
or ar bigd © o 8x° ar 0x°
Orcroofa BUAHO, 4TO ypaBHenue mns ¢ (5.5.13) apnserca xopouwo u3-
BECTHBIM THHEHHBLIM BO/JHOBBIM YPABHEHUEM B LHUAMHIPHYECKHX KOOP-
IuHaTax. Ero pemenye JIETKO MOXHO 3aNMCaTh YCPe3 LMIHHAPHYECKHE

(OYHKIIMM; TIOACTARMSAA 3TO peweHue B (5.5.14), HETPYIHO OTHICKATD €O~
OTBETCTBYIOLIYIO QYVHKLMIO Y. '

(5.5.13)
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i UMMHAPUYECKHX BOAH JiiHnTeliHa ~ Po3cHa pacCMOTPUM OT-
KA1MOpOBAHHYI KHHEOPOMETPHYCCKUM criocoboM aMaly, 310 03HayaeT

¢

= {e"77;0;0,0} 1" ={0;¢"77;0,0};

~ fe ™ g (5.5.14)
Yen = 0 eV )

TOTIIB. 19 OHAOHBIX @HBHKO—T&OMCTDH'—[CCKHX TEH3OPOB UMCCM.
a(0)¢ = a(l)e = w(0) =w(l) =0; @0) =" (v —7);

Zn =
- o —p e 0
d(0) = "7 (¥ = 9)  d0)gy = ey |
0 e (5.5.15)

—pe ¥ 1-py) 0

d(l)e, =
( )ér,l 0 wrew_,y
rI¢ TOUKA 03HavaeT AMGdOEPeHUIHPOBAHUE TIQ :nﬂ, a wrpux — nudde-
peHIMpoRaHHe TTo . BonHoBOW BEXTOpP BHOHpacTCA B BHIE

B = e’ (et £ 1),

Benencrsue muHeHHOCTH (5.5.13) 31eCh MOXKHO ONHOBPEMEHHO pac-
CMaTpUBaTh PACXOOALIVIOCS H CXOOAMIYIOCA BOTHBL. HeTpyaHo roka-
34Th, YTO JAHHASA METPHUKA YIOBNETBOPAET pedepeHllMOHHOMY KpHTe-
PHIO, OJIHAKG HE YIOBJIETBOPSCT HU QIHOMY W3 NpellaraBuivxcs anret-
pandeckux kpurepues. Takum obpaszom, mempuroll Sinwmeiinag— Posena
ORUCBIBACINCA HPOOOALHO-HECROGOOHBI EPABH - UHEPHUUAIbIBIL NPORECC.

5.5.2. Cpabble NNOCKWE rPaBUTALMOHHBIE BONHDI

B 310M noaxone TpyIHOCTM, CBSI3AHHBIE ¢ HETHMHEHHOCTAMH, OTIAIAIOT,
[To-cyuiecTBy, TEOPHA CROAMTCH K OIHCAHHKD THHERHbIX BOIH Tell 301+
HOTO N0/sl BTOPOIG paliia Ha GOHE II0CKOTY NPOCTPAHCTBA-BPEMEHH,
OT TeoMETPUNLCKON HApATHIMBL OCTASTCS JTHLLL PaKr 2 paceMaTpusae-
MOro TCH30PHOTO No:sd. Ha ocHOBRe 3TONW TEOPHH TIPOMIBOISTCH OUCH-
KH OXHIeMBIX APDEKTOR ¢ yHacTHEM TPABHTAITMOHHEIX BOJTH B TaKOH
TPAKTOBKE {CM., Hanpumep, [7]}. ManoXuM KI0uesple TONOXEHHS Teo-
PUK C1aDbIX FPABHTALLMOHHBEX BOSTH,
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I. B auneapu30BaHHON TEOPHH TPABUTALMM IIONATAETCSH, YTO KOMIIO-
HEHTH METPHYECKOIO TeH30pa ¢nafo OTMYAIOTCA OT METPUKM Mpo-
CTpaHCTBa-BpeMeH MUHKOBCKOTO (B AEKAPTOBBIX KOOPAMHATAX), T. €.
MPEACTABASIOTCH B BURE

g.uv =My + Py IR P K L (5.5.16)

Hanee 80 BCEX TEOMETPHMECKHX BbIpaXeHMAX OTOPACKHIBAIOTCA Ciarac-
Mbl€, MPUBOAALIME K HENHHERHOCTAM M (GaKTHYECKH CTPOWTCA TEopus
CBOBONHOIO TEH3OPHOTO TIONS ¥y, . Tak, nuHeapnsys ypaBHeHHe DiiH-
wresida (B Bakyyme) Ry, = 0, NpUXoauM K ypaBHEHUIO

ya

D‘P}w - 2

=0, (5.5.17)

e ¢ = 7" g

Il. TapMoHMYecKHE KOOPAMHATHHIE YCIOBUA B JIMHEHHOM NpUGIIDKE-
HMH TIPHHMMEIOT BHI

a(pﬂl’ —0 399“,, -0

oz az’
TIOCKONEKY B 3T0# TEOPUM HHAEKCH TIOMHKMAIKOTCS W OTIYCKAIOTCS MET-
PMHYECKHM TEH30POM TIPOCTPaHCTBa-BpeMeHH MMWHKOBCKOTO, BCE MH-
ACKChI MOXHO MHCaTh CHA3Y. YeioBua (5.5.19) COOTBETCTRBYIOT YCIOBH-
AM JlopeHna B 37IEKTPOANHAMHKE,

(5.5.18)

Ill. Jlerko nokazate, yto 4 ycrosus (5.5.19) fomyckaloT eLie BOIMOX-
HOCTh KOOPAMHATHBIX TIpeobpasoBaHmit

2 = 2 + ¢F(z); ¥ =2 - ¢*(2), (5.5.19)

rae ¢*(z) — manble N0 CPABHEHMIO ¢ EAMHMUEH DYHKUUM KOOPIMHAT,
YAOBIECTBOPSIOLINE BOTHOBOMY YPaBHEHMIO

O¢* = 0. (5.5.20)

IV. TlycTs Hac MHTEPECYET FPABHTALIMOHHASA BOJIHA, PACTIPOCTPAHSIOMIASCS
BOOb HATIPABNEHUs Z' . C NOMOIBIO 4 rAPMOHUYECKMX KOOPIMHATHBIX
yeaoswmit (5.5.19) u pubopomM 4 hyHKuni ¢* B (5.5.20) MOXHO DOGHTLCS
06palueHH st B HYNb 8 KOMIIOHEHT @, . [Tpexne Beero, ycTpausercs cef



§5.5. Anam3 BONHOBLIX Peenmii ypasHe M SiiHwTerina 209

= n“ﬁ wag = 0. llanee, monaras, yTo BCe KOMITOHEHTH 04y HMEIOT BOTI-

HOBOM XapakTep, T.¢. 3aBHCAT OT KOMOHHAUMH KOOPIHHAT (:::0 + a:]),
YCTPaHAEM NMPOAGNBHBIE, TPOAOALHO-TIONEPEUHBIE M ¢ HHAEKCOM 0 KOoM-
MOHCHTBI:

Pu=vn=vi=Pu=Pu=vn=pvn=(pn+pn)=0 (5521)

OT/IHYHBIME OT HYJIS OCTAKOTCH JIKIIL JIBE TOMEPEYHO-TIONMEPEYHBIC KOM-
TIOHEHTHL (P23 U (92 — P33) (TMHAMMYECKHE TEPEMEHHEIE).

V. TlepeoGosnauan ase dyHkunU: @13 = f, Y27 = —P33 = @, HaxO-
LMM, 4TO B JIMHEHHOM NPHEIIDKEHUH [UTOCKOMY TPaBM-MHEPLIUATBHOMY
BOSIHOBOMY TIPOLIECCY COOTBETCTBYET METPHKA

ds’ = dzp - dzi ~ (1 + a) dz? — (1 — @) dz5 - 28 dz; d2s. (5.5.22)

VI. Moxno nokasarb, yT0 MeTpuxa (5.5.23), COOTBETCTBYIOW@AA Cna-
©0ii rpaBUTALHOHHON BOTHC, YAOBIETBOPACT BONHOBBIM KPHTCPHSIM KaK
B anredpanyeckoM, Tak u B pedepeRIIMONHOM TToaxoaax. JleHcTeurens-
HO, BOJIROBOIt BekTop k¥ cOoOTDeTCTBYIOLIMI IAHHOM BOTHE, HAMPHMED,
B KHHEOPOMETPHYECKOH KaTHOPOBKE B paccMaTpHBacMoM NpUOIIDKE-
HHM AIBJIACTCH KOBAPHAHTHO TMOCTOAHHEIM, T. €. MOXHO CKa3aTh, 4TO
MeTprka (5.5.23) npuHaanexut noatumy N o knaccubukaunn Iet-
pOBa M, CMENOBATEIBHO, YIOBNETBODPSAET a.nreﬁpamecmzuy KPHTEPHIO
rpaBHTALIMOHHBEX BOJH JIMXHEpOBHYA.

OTu4HbIe OT HYIE KOMIOHEHTHI TeH3opa PuMana—Kpuctoddens
B JAHHOM TIpUOITIKEHHH

— 1 32‘95,?

X;’:,} = —Yf,? = (9Td£,} = == (5523)
2 8z§

YOOBJICTROPAIOT pccbepeuunonnomy KpUTEpHUIO TPaBH-HHEDUHATIBLHBIX

BOJIH, €CIIH (byHKLLI/lH aH ﬁ HETPHBHAIBHO YAOBACTBOPAKOT BOJIHO-

BBM YPABHEHMAM.

KoHTponeHele 3afanma

|, 3anucars AHagHble COCTABASIOUINE U PHIMKO-TEOMETPHYECKHE TEH -
30pel AN MeTpukn Posena (5.5.8).

2. 3anucaTh AMANHEIE COCTABNAIOUINE Y DHINKO-TEOMETPHYECKHE TEH~-
3opel ansa MeTpukH [lepeca (5.5.10).
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§ 5.6. Boape#icTaue rpasu-wHepunanbHbix
BONH Ha 00beKTbI

Tak uIy ¥HaUe OXapaKTEPHIOBAHHOC MPAaBHTALIMOHHOE U3MTYUEHUE
(wM rpaBU-MHEPIMANBHBIH BOJTHOBO# Iipolecc) 06ManacT KagecTBEHHO
MHBIMHM CBOHCTBAMM IO CPaBHEHHIO C JJICKTPOMArHMTHbIMK BOJHAMH,
IMockoNbKY 3/IeKTpOMarHUTHbIE BOJHBI BO3ACHCTBYIOT JHILLL Ha 3JeK-
TPHMYECKM 3apsXeHHbIE Tena, MX MOXHO ODHApPYXWTh, CPaBHMBasg NO-
BEASHHE 3apAXKeHHLIX 0DBEKTOB ¢ HEMTpaIbHLIMH. B ciyyae rpasura-
LMOHHBIX BOAH N0A00HOE CpaBHEHME HCK/IMeHO. Tencpbk Mbl MMEEM
Jef0 C MCKPHBJIEHHEM CaMOr0 NPOCTPaHCTBa-BPEMEHM, UTO O3HAYaeT
OIMHAKOBHIE BO3MYIUEHHs (CMEleHMs) B JAHHOM MeCTe BCeX oObex-
toB. Mmyres cneluanbHble MpueMsl, KOTOPLIE MO3BORMAY OBl 32METHTD
TIPOARICHHA TAKMX YHHBEPCANTLHBIX BOICHCTBMIA.

QTOETEHO pPacCMOTPHMM CIYYaM TOBSACHHWA CBOOONHBIX MPODHEIX
MacC W TBEPAOTENBLHBIX IETEKTOPOB TIPH NPOXOXKICHWH TPABH-HHEDPUH-
ATLHBIX BOJH,

5.6.1. Mosepenne cBobGoAHLIX NPOBHLIX Mace
B cnaboil Nnockol rpasu-nHepUManbHOi BOMHe

IIycTh TIpOOHEBIE MACCHI TAKOBBL, YTO MOKHO BHIGPATE COMyTCTBYIOMWYIO
MM CHHXPOHHYIO CHCTeMy OTcueTa (T.¢. 663 BpAIICHHS M YCKOPEHHs),
H, KpOME TOro, ycTh r* M Hampamnenne pacrpoCTpaHeHHUs BOAHbl ¥
HAaxOAATCH B KMHEOPOMETPHYECKOHN (xpouoopomerpuqecxoﬁ) xanub-
POBKOIi M3 METPUKM (5.5.23), B KOTOpOii

a = Asin (%’(:c“ ~ x‘)); B = Bsin (L-z-(mo - zl)); (5.6.1)

A K 1; B <« 1. Torna, onpenensist 7 u ¥, MOXHO CKa3aTb, UTO BOJ-
HOBOH Tipollecc paclpOCTpaHAETCA BOOb z'.

Bo3sMeM TOYKH-TIPHGOPEI, KOTOPbEE IO IPHX01a BOMHBI (ipH 4 = 0,
B = () Hax0ZMIKCh HA OHOM PACCTOAHMH d7( OT KaKOH-TO BHIIENEH-
Hoit Toukd O. DTH TOYKH JexXaT Ha cepe pamuyca drp:

0z} + oz} + 875 = orl.

3necs W Janee, YTOOBI He ITYTATh CTENEHM C HMHIEKCAMH, TIOCICHHHE
GyneM mHcaTh cHH3y. Korlia BOAHOBOM TIPOLIECC JAOCTHTAET CHCTEMBI,
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paccTOAHWE MexXay OJM3KMMH TOYKAMY 3anaeTcs GopMyaoit

or = /02t + 82} + 821 + (87 — 62d) + 2883382, (5.6.2)

XapakTepHO, 4TO MO OMNpeNeneHW HAHHONW KanuGpoBKH TIPOCTpaH-
CTBEHHLIC KOOPIMHATHI KAXKIOH TOUKH-NPHOOPa HEU3MEHHEL, TIPHOOPDE
«BMOPOXEHbI» B KOOPOAHHATHYIO CETKY.

QrnenbHo paccMOTPHUM IOBEIEHHE CBOGOTHBIX MPOOHBIX Mace s
OPOUECCOB ABYX THIIOB.

l. Tiyetb a # 0, 8 =0, torna

br = 1/82% + 623 + 603 + a(be} - 6x)). (5.6.3)

B XOOpAMHATHOM TIPOCTPAHCTBE MOBEPXHOCT §7 = dry = const ABNSA-
€TCST IUTMIICOMAOM:

bz} oal 523
I 4+ —(l-a)=1 5.6.4
o7} Jré( ) 6?‘5( ) (5.6.4)
¢ monyocaMu dry, drg/v 1+, dry/vV1 — a. B cevenun z; = const
TIONYYHM 3IUTANC. AHATOMHYHO, OKPYKHOCTB C KOODOWHATHBIM palu-
yCcOM T TIpEBpPaTHTICa B OOparHelil annunc. Ha puc. 5.5 nioGpaxeHbt
B KQOPAMHATAX MAOCKON 2-MepHOH MOBEepXHOCTU (32, 13) TOYKH, IO~
nagaxuye Ha 3J1aunc:

oz’ §z?

Z+a)+ 2(1-a)=1 5.6.5

B TCUCHUE [IEpHOOa BOJIHEL.

Puc. 5.5. MNosenerue cBoGogHLIX NPOGHLIX YaCcTUL, B MeTpUke cnaGoi rnocKai
rpasn-MHepUManLHOM BoNHLl {a # 0, § = 0)
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[pUMeuaTeNLHO, YTO €CTh ABAa HanpasiaeHus dz; = +dx;, BAOKL KOTO-
PhiX PACCTOAHUA HE MEHSAIOTCS.

2. [yetb a =0, 8 # 0, Torna

or = \/61:% + 023 + 0z} + 2B8x20z;. (5.6.6)

Onsare MOBEpXHOCTD §r = dry = const oOpasyer smnuiicora. CedeHue
smuncouaa dx; = 0 npencrasnser coboi ImUIC:

dz? ozt
2+-3+28

dxidzy
érs  Or

=1, 5.6.7
= (5.6.7)

XOTOphlii MOBOPOTOM KOOPAMHAT Ha yrod & = 45° MOXHO IPHBECTH K
KaHOHHYeCKoil dopMe

Syi
or

o3

6r5(1+ﬁ)+

(1-8)=1. (5.6.8)
3a nepuod BOMHHE HA 3TOT JUIMIIC TIOMANAIOT TOYKH, H300DAKEHHBIE
Ha pHC. 5.6, OnaTh MMEIOTCs ABA HanpasieHus 0y, = +dyi, BOOMb
KOTOPbIX PACCTOSHMUS HE MEHSIOTCS.

PaccMOTpEHHEIE Ba CAYy4das COOTBETCTBYIOT JBYM BOIMOXHBIM MO~
AAPH3AUMAM CBOGOIHOTO TUIOCKOTO IpaBH-HHEPLWATRHOTO TIDOLECea,
TakumM 00pa3zoM, dse noaspuszauun nAoCcKoil caoboOHON 2pagLi-UHEPLUAb-
HOll 8OAMBI COOMEEMCMEYION NEPUOOUMECKUM POCHIANCEHUIM U CHCAMUIM
2-mepHoli nosepxnocmu 00URAKGEON (azu 6004b NAP 6IAUMHO NePRendu-
KYASpHBIX HARPaSAeHtil, NoGEPHYMLIX omuocumensro dpye dpyea na 45°.

Pue. 5.6. MNoeegenne croBOAHBK NPOGHEIX YacTUL, 8 MeTpuKe chaboi nnockoi
rpasu-uHepuMansHod eandel (@ =0, 3 # 0)
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HanpasneHus MAKCUMaNbHbBIX YITIHHEHHUI (COKpaLIeHMIT) oMHON mons-
PM3AIIMH COOTBETCTBYIOT HECMEHIAIOLIMMCH TOUKAM APYroH MOJsApUla-
UMM U Hao0OopOT.

5.6.2. Boageicrane rpasu-uHepunanbHbiX 80NH Ha [ETEKTOD
fMocranosxa 3anavun

PacecmotpuM HecBoOONHBle HpODHBIE YAaCTUIBL, MOACAHPYIOIiHE
B YTIPOINEHHOM BUJIE TBEPAOTENLHBIC NCTCKTOPDL TPABUTALMOHHOTO HM3-
nydeHHd. ITycTh Ha NUHEHAHBIA OCUMATATOP, KOTOPHIH COCTOHUT H3 ABYX
OAUHAKOBBLIX YACTHIl MACCOWH My, COCAMHEHHBIX TIPYXKMHOH KECTKO-
CTH & U JUIMHOM 279 B HEHANDSDKEHHOM COCTOSHMM M OPUEHTHPOBaH-
HBIX BLO/b HaNpamneHusi & (cM. puc. 5.7), majaer BIOAL ' IWIOCKO
MONAPH3OBAHHASA BOJHA, ONMCHIBAEMAA METPHKOIT

ds’ = dz — dz? — (1 - a)dz3 — (1 - a)dz], (5.6.9)

rae « = Asin [(w/c)(:l:0 - :vl)]; AL

3nech AT IPOCTOTHI OCTABACHA THUTL OMHA TONApu3anus. CHcTeMy
OTcyeTa BymeM 3a21aBaTh XPOHOMeTpHUeckoi kamubponkoi. [IpoctpaH-
CTBEHHEIE YPABHEHHI MHUPOBLIX JIMHKI Macc 3aiTMCHIBAIOTCS B JaHHOM
KanubpoBke chaenylowumM obpazom:

dp" , , N ] —_—
: k
E = L;kp"’v’” + ma' + 2p (w.’k - d;c) + .;Cl, (5610)
] —

rie F' — HerpaBMTalMOHHBIC CHIIBI, T.€. CWIB HANPSIKEHUS MPYXid-
HBl F' ¥ GHCCHTIAaTUBHbIC CHITEL. HaM MOHagoBUTCA TOMBKO KOMIOHEHTA
YPaBHEHMUS BIO/b zz.

34

m, my

Il

Puc. 5.7. Ocuvnnatop v3 fIBYX CBAIAHHLIX NPYXUHOR MACC
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Cuna HaNpSKERHA NPYKHHE (BIONb T°) F; TIPONOPIMOHATEHA €¢
XECTKOCTH 1 abCONMOTHOMY YINHHEHHIO (MHAEKCH ONATH GyaeM mHcaTs
CHM3Y)

Fy = —k(v/ 812 - 2ry), (5.6.11)

e 61° = —h,—kda:'d:vk -~ KBAaApaT MJIMHBI A1PYXKHHbI (5.’Bi — PA3HOCTH
KOOPIQMHAT €€ KOHLOB).

KavecreeHHbif ananus npoyecca

JNf NaHHOTO TPOLECCa MOXHO YKAa3aTh TPH Naphbl XapaKTepHRIX
MUPOBBIX JTMHuiE (puc. 5.8).

ToHKHe HenpephBHBIE THHHM COOTBETCTBYIOT MHPOBBIM JTHHHSAM
Macc B OTCYTCTBUE NPYXMHBI (reogesuueckue). [IyHkTupHbie JMHHM
H306paxal0T HETEOZEe3IMYeCKNE MUPOBBIE JIMHHM DAaBHOBECHHA NPYXM-
Hul. PaccrosiHie Mexny HMMM BCErna paBHO 2rg. ZKMPHbIMH JIMHHIMH
NOKa3aHE HCTMHHBIC MMPOBLIE JIMHMM MACC, CBS3AHHBIX ITPYXHHOMA.
B nanHOil 3ana4e UMEIOTCs ABA TIONOXEHHA PABHOBECHs: HEHATIPSLKEH-
HOE NMONOXEHUE MPYXHHBL K reoae3nueckue iU, OTKAOHEHNA MACC
OT HHX XapaKTepPH3YIOTCH COOTBETCTBEHHO BeJIMUMHAMM € U (.

PaccMOTpHM NMoBeAeHHe MACC OTHOCKTEALHO TPEX CHCTEM OTCUET],
KOHIPY3HUMAM KOTOPHIX IIPHMHALTEXAT TPH Naphl YKA3AHHBIX MHUPOBBIX
Junnit. Ilpyu 2TOM OrpaHHuMMCS PACCMOTPEHHMEM ONHOHW JWLIL IPaBoi
yacTHUBLI. KpoMe Toro, NpeanonoXuM, YTO A0 MPUXOAA TPapHTALMOH-

Puc. 5.8. MNosesexre ocUMINATOPA W3 ABYX CBR3EHHbIX NPYXUHOR Mace
8 MeTpHKe cnaboit NNOCKON rpasv-WHepuWansHOA BONH.
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HOH BOJIHBI 4aCTHild NMOKOWIACh H IPYXKUMHA Oblla B HEHAIPAXKEHHOM
coctoaHuY, Torma cKopOCTH, NpuoGpeTaeMBIe MACCAMM, M CMeIleHus
OyayT MMETh [IOPAAOK aMILTMTYAbI Nanaloliei BOXHEL

b. Cunxponnas cucmema omcuema (wy = 0, a; = 0). KorpysHumu
3TOH CHCTEMBI OTCYETA MPHMHALIEXAT TOHKHE M LEHTpaibHas LITPUX-
NYHKTYpHAa JIuHUH. O4eBHAHO, YTO CHCTEMAa XKOOPHHHAT, B KOTOpOH
3anucana MeTpUka (5.6.9), AKIAETCA XPOHOMETPHUECKON L1 CUHXPOH-
HOH CHCTeMbl orcueta. KoopauHaTa npaBoit Macchl onpenenﬂerca Bbl-
paxeHneM 0z, = 1o + (. [IpeHeOpexeM BelMYMHAMM L,kp v* u 2p d
(TpeTbero M BTOPOTO MOPsAKOB Manoctd). YpasHeuue (5.6.10) Torma
npuolpeTaeT BHA;
2
mog = 5. (5.6.12)

W3-33 MaTOCTH CKOpPOCTEit 3iech ¥ B NaNbHellTeM npeHeOperaeM
YneHaMH TIOPANKa (v/c)’. KoMnoHeHTa F; CHIIEI HAMPSXEHHA TIPYXKH-
HBI 3aNUINeTCA CNETYIOUEHM 00pa3oM:

Fy = —2k(\/h226:z:§ - ro) - -2k(\/(1 a)(ro+¢) ,.0) ~
~ —2k(? - ) (5.6.13)

[Noacrapnsia 310 Beipaxehue B (5.6.12) H BBOOS AMCCHITATUBHYIO CHILY,
NQAy4aeM:

2 A d k
BB
Ecan Bo3ae Maccel ocluanaTopa (Win Topua uuauHapa BeGepa)
MOIBECHTDh MOKOALIYIOCA 10 NPHX0Ja BOJMHBI NPOOGHYIO Maccy Ha [IMH-
HOit HuTH (WIM IIOMECTMThL PsitOM Ha GOpPTy cryTHuka), To { GyaeT
ONpeAenATECH OTHOCHTENBHBEIM CMELIEHHEM AIPOOHOI M CBI3aHHOI Macc
(e Macew M Toplla wwiMHapa BeGepa).

Il. Conymemayroman maccam cucmema omeuema. Koopamnarsr paccMar-
pHBaeMBIX MacC B 9TOM CHCTEME OTCYeTa HeuaMeHHbL. Torna v* = p' = 0,
a ypagHeHHs (5.6.10) cyuiecTBEEHO YNIPOLUAIOTCS:

-ma, = F (5.6.15)
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¥ MMEIOT CMBIC/T PABEHCTBA CHIIBl HHEPHHH CHIIE HANPSOKEHUA TIPYKIHDL,
PaccMaTpHBaeMOMY CRy4ard cOOTBETCTBYET XPOHOMETPUYECKAA CHCTEMa
KOOP/MHAT, MONYYajoIasca U3 MCXOLHON, B KOTOPOit 3anucaHo (5.6.9),
npeobpa3oBaHMAMM:

=2 =gy =2 1+90E"); =2 (56.16)

i (3 1)(3:0) < 1 M HMeEET TIOPAAOK MAJIOCTH aMILIMTYIE NaJaloleit Bo-
HH. B 37001 CHCTEMe KOOPAWHAT ¢ TOYHOCTHIO A0 BEWYHMH TIEPBOTO
NOpAIKa MaTIOCTH HMEEM:

go=1 gn=~5m gu=-(l+te-29)=-hy  (56.17)

3neck M natee TouKa oznavaeT audrepeHLMPOBAHHE 1o BpeMeHH BBIOpaH-
Ho¥t cHereMel oTcyeTta. [ToAcTapsAg TOCHEIHWE COOTHOILICHWA B BhIpaXe-
HHC ONA YCKOPSHUA CHCTEMBI OTCYETA, no.rry'{aeM B TOYKE HaXOXHEHHA
MACCHI

= g()z_()f'oﬁ. (56 18)

CUny HanpsKeHHA NPYXKHHBI HAaXOdHM B BUIE
F = —Zk(\/ b 0ZF — ro) = 2kro(v/1+a-2p-1) ~
~ —2kry (% - n). (5.6.19)

Honcrarnss gBa nociegHUX BbipaxeHud B (5.6. 15) NONy4YaeM ypaBHe-
HUE KONeOaHuIi:

d? XN d k
2o + —(ron) + -——(ron) = oaf. (5.6.20)

31ech ONsATH BBEACHA MCCUMIATHBHAN CHIIA. DTO YPABHEHME COBMAgacT
¢ (5.6.14), ecnu { = —ron).

Il. Cucmema omcuema nenanpawcenwoii npyscunoi. TIycTh ee KOHIDY-
3HIUH MPHHALTEXAT TTYHKTUPHBIE THHEN H CPelXHAS MHpOBasd JHHHA
(Ha pucyHKe LITPHX-NYHKTHPHas). OCTAlBHbIE JTMHUN ONPENensioTcs
H3 ycnosns h; 7% "2’ = const. B XPOHOMETPHUECKOH CUCTEME KOOpPAH-
HAT 31O CHCTEMBI OTCYETA MPOCTPAHCTBEHHEBIE KOOPIWHATHI £ -
POBRIX JIMHHH NOCTOAHHBI. YUYHUTBIBAA YKA3IAHHBIC YCROBHS, HaxOAMM
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npeodpa3oBaHUs 0T UCXOAHON KOOPAMHATHOH CUCTEMBI, B KOTOPOW 3a-
nucaHa MeTpuka (5.6.9), B XpPOHOMETPHYECKYI0 CHCTEMY KOODIMHAT
JAHHOH CUCTEMBI OTCUETA:

[43
=2z '=z" 1= :32(1 — -—); =2, (56.21)

fl

Mckomas MeTpuka WMEET BMI;

da
ds® = da} — £y¢ dzodz, — dz; ~ dzb — v dz,dz, — (1 + a)dz3,
, 1

(5.6.22)
KoopauHater Maccpl 4T = rg+&, 11e £ — Manas BelIMYHHA TIOPAIKE Q.
Cuia HanmpsxeHUsT IPYXUHBI OIlpeaenaeTcd BhpakeHHeM

Fy = =2k (y/~guln + €2 = o) = ~2k¢. (5.6.23)

OctaBnsgs B YpaBHCHHHN ABMXCHWA TONBKO BEIMIWHE NEPBOTO MOPAIKa
MAJIOCTH, ITOTYYacM:

moé = moay — 2k¢. (5.6.24)
YYuTHIBas, YTO B AAHHOM CUCTEME OTCMETA
g0 o x;
= — = —Iy; = —-—4a, 5.6.25
LF] g0 2 ] @ ) ( )

M BBOIS ANCCHIATUBHYIO CHUTY, HAXOAMM YpaBHCHUE Konebanuit

d¢ 2k, Mdt w?
= =~ ar. 5.6.26
dt? + My + my dt 2 aTo ( )

ObGcyxgenmne peayasTaros

¢ B Hcnonk3oBaHHOM NPHOIHAXESHNH YIIPYTHE CIIbL TIPYXHHBI BO BCEX
TPEX CHCTEMAX OTCYETa ONMHAKORM, OTKYAa CHEAYET, YTO

a o
e =7 (E - ) = 51‘0 + (; (5627)
INoactarus B ypaBHeHue (5.6.26) BMecTo £ BeMMYHRY To{a/2—17), TOTY-
yaeM ypaBHenue (5.6.20). Takum obpa3om, ypaBHeHus (5.6.26) u (5.6.20)
OTTUCEIBAKT KOneGaHMsA OgHOU K TOH Xe MHPOROM JMHMH HecpoOOI-
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HOI MacChl OTHOCHTE/IBHO IBYX HOJIOXKEHHI PABHOBECHA: IS IIPYXUHbi
" reoneavdeckoi. [Mpu pelomawce, Korma w = 4/ 2k/my, 3TH ypaBHe-
HUA COBNATAKT. IIpH OTCYTCTBHY IPaBHTALMOHHON BONMHE! MONOXEHUA
PaBHOBECHS TOXISCTBEHHE i YDaBHEHMA COBNAnaoT. B oTcyTersue npy-
XHHBI ypaBHeHRA (5.6.14) u (5.6.20) TpuBMantkbl, a ypabHeHue (5.6.26)
onyuceipaeT Konebanusg cBOGOIHLIX Macc.

o OTMETHM, YTO B NPOBEAEHHBIX PACCYKACHHAX HULLE HE UCHONE-
30BAIMCE MOHATHS MCEBAOTEHIOPA IHEPIMM-HMIIYALCA WIH BEKTODA
SHEPTHHM TPABHTAUMOHHOH BOJHEI, a4 IIDHCYTCTBOBAJIM JHMUIL XapaKrTe-
PMCTHKH, IIPUCYILME TEOMETPUYECKOH Napajurme.

Jluteparypa no npobreMam BO3[eACTeuR
TPAasHTaUNORHbIX BOAK Ha NTPH 60pbi.'
1. Befep Hxc. OBusas 1eopus OTHOCHTENLHOCTH M IpaBUTAUHOHHBIE BOJHKL
M.: U3n-Bo MHOCTp. AMT-Ph, 1962.
2. 3axapoé B.J[. TpaBUTAlHOHHEIE BOJHH B TEOPHH TATOTEHHSA DUHIITEHHA.
M.: Hayka, 1972,
3. Bpacunckuii B. B., Manyxun A. 5. V3Mepenne Manuix ¢wi B dmsnwecxnx
aKkcnepuMenTax. M.: Hayka, 1974,
4. Buwax H., Pydenxo B. H. Ipasutaimonnne sonuel B OTO U npobneMa Hx
obuapyxenus. M.: Hax-so MI'Y, 1987,

§ 5.7. Gopmynuposxkn OTO B MOHaaHOM BUAE

B 1960-1970-x rogax npeanpMHUMAICH MOUMCK Haubosee IOLXoms-
mei GOPMYNHPOBKM KAACCHYCCKOM TCOPHUM FPABUTRMM AR pellleHusn
npobneMbl KBaHTOBAHNS IPABMTALIMM WIH, OIPYTHMH CJI0BaMH, IpoGAEMEL
COBMELLIEHUA NMPUHLIMIIOB 00LLeH TEOPHH OTHOCUTENLHOCTH M KBAHTOBOMN
Teopuu. B Hrore Obu1 pa3sBUT P 3KBHBAJEHTHERIX HOPMYAHPOBOK, KO-
TOpBIE PA3NMYAOTCA N0 ABYM mpu3Haxam: (I) 1o THIY MCMONb3YEMOTO
dopManuMa u (II) no pbIGOPY HCXOOHBIX HE3ABHCHMEIX NEPEMEHHBIX.

I. Cnenyer paamuyare CreayiolHe THIT GOPMATHIMOB,

® TeOMETPHYECKHI MOOXoH, HCOAb3YEeMBIil 31eCh;
e narparken GOpMATH3M, TPATHITHOHHO HCTIONMbIYEMBIH B TEOPHH TTOILA,

o (HECHMMETPHYHRIA) TAMIILTOHOB (POpMATN3M O0LIEH TEOPHH OTHO-
CHTENBHOCTH, TIpeioXeHHsiid T1. JiupakoM W psIoM ApYTHX aBTopos;
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* CUMMETpHYHBIH raMuasTodos dopmanusm B, C. bpexnesa;
& gopmanaM [avuastora—Axko6u.

Hmelorest U apyrue HOpMaTH3IMEBL.

1. B kayecTPe MCXOAMBIX IPABHTAIMOHHLIX MEPEMEHHMX MOXHO BhiGH-
PaTh CAEAYIOHE:

¢ 10 KOMIOHEHT METPIMECKOTO TEH30PA Gy 5

e 4 KOMNOHEHTH MOHAZEL 7" M 6 KOMIIOHEHT 3-MEPHOTO METpHye-
CKOro T€H30pa h“‘;

e KoMmoHeHTH! auamw T, I, ¥+

s 16 xoMmoneHT TeTpann ¢*(a);

e 10 KOMITOHEHT METPHUECKOTO TeH30pa H 40) KOMIIOHEHT CUMBOJIOB
Kpucroddens (Gopmannsm IManatuun);

* KOMIIOHEHTH TeHzopa Pumana—Kpucroddens.

MoxHO Ha3BaTL M ApPYTHE BAPUAHTHI BLIGOPA WCXOAHEIX NEpEMeH -
Heix. {Boaee nmonpobuo cM. B (5, 8].)

XapaKTepHO TO, 4TO NMPAKTHYECKM JUIS BCeX HAOOPOB MCXOIHBIX
NepeMEHHBIX MOKHO PAa3BUTE NMEPEYHCIIEHHBIEC BhIE POpManU3Mel, Tax
YTO B JUTEPaType ObLIO HpPEeACTARIEHO HECKOMBKO MECSITKOB IKBUBA-
JAEHTHBIX OPMYAUPOBOK ONHOH M TOH Xe KJIACCHYECKOH TeOpHMH rpa-
pyTatd. X MOXHO HaLIAIHO NMpeACTABMTL B BUe G4ecK 2-MepHOM
TaGIUUBL, A€ 10 BEPTUKANH MOXHO PacilOIOXUTE BUAH (OpMaTH3MOB,
4 Mo TOPU3CHTAIM — BHOOP UCXOTHBIX NepeMEHHBIX.

CocpenoToyuMCsa JAECh Ha KOIOHKE, COOTBETCTBYIOIIER MOHAIHBIM
COCTARMAIONIMM MeTpHueckoro Temsopa T u A** Tlpu s1oM creayer
o0patUTh BHMMaHHE HA TO, YTQ Haubojee TIOAOTBOPHOH Oka3mbiBa-
eTCA KUHCMETPHYSCKAA KamuOpoBKa MOHANR, T. €. 3alMCh PAayTUYHBIX
GhOpMATUIMOB MMEHHO B HOPMAMEHBIX (TIPUBHNETHPOBAHHBIX) CHCTE-
Max OTcyeTa.

5.7.1. Narpauxes $popmannam OTO

OtMmeThM, yTO B «Teopuu nons» JI. I, Jlannay ¥ E. M. Jludunua [7] u 8
OpyTHX KHUTAX W yYeOHMKaX MCIIONB3yeTCHd MMEHHO jlarparnxeBa dop-
mynuposka OTO. ABTOpE! KOYT HE YO TCOMETPHYECKOMY TIYTH {BChen 3a
DHHIITEHHOM), Tae YpaBHeHHs DAHINTEHHA NOCTYNHPVIOTCH, a Botel
3a NiwteOepToM, MOCTYTUPYA BUA I'DABHTALHOHHOTO JIaTparKRaHa.
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l. ina nonyyenms cTasaapTHHIX YPaBHEHWH DHHIUTEHHA B KayecTbe
narpal>kdaHa cIeyer BrIOpaTh IIOTHOCTh CKAMAPHOH KDUBH3HDL

V=9,
2=e
Yalne BCero B KauecTBe OCHOBHBIX TIEPEMEHHBIX BHIOHPAIOTCA KOMIO-
HEHTH! METPHYECKOTO TEH30DA.

TockonbKy cKanapHas KPHBH3HA COJEPXKHT BTOPBIC TPOU3BOTHEIE
OT METPHYECKOTO TEH30pa, TO IUTS TIOMydeHus ypaBReHHIT DifHuTeiina,
apnawonmxcst auddepeHUMANLHBIMU YPABHEHWAMH BTOPOIO NMOPAAKa,
K IUIOTHOCTH Jarpaipkuata (4.5.1) noGapisiiorca AMBEpPreHTHbIE Cara-
eMbI¢, NO3BONAIINNE HCKRIOYHTE WIeHBl CO BTOPLIMH OPOM3IBOOHLIMA.
B utore monyyaetcs IUNIOTHOCTS MPABMTALMOHHOIO JIaTPalkKHaHa B ciie-
OYIOLIEM BUIE:

= f 9

Ligr) =

Ligry = — (5.7.1)

LS (e, —T9, o). (5.7.2)

IpuMeNsia K 3TOMY NarpaHxuaHy onepaﬁop Jilnepa—JlarpaHxa,
NPUXOA¥M K paHee 3alTMCAHHBIM ypaBHEHMAM DitHINTelHa (B BAKYyMe)
B METpUMECKOit PopMyAnpoBKe.

I. Koraa B kauecTBe HCXOAHBIX IEPeMEHHEIX BHIGHPAIOTCS KOMIOHCH-
THl MOHATTHl M 3-MEPHOTO METPHYECKOTO TEH30pa (B KMHEMETPHUECKOH
KanAGpoBKE) ILIOTHOCTL TPABMTALIHOHHOrO farparxumana (5.7.1) npen-
CTABAAETCA B CNEAYIOLUEM MOHATHOM BMIE

V=4, _ T \/ﬁ . :
E(_qr) CY 4 2 - (2 Ord — (d2 + d,‘kdtk) +
+2('V;a* - akak) +°R), (5.7.3)

TAE, HATIOMHAM, OTCYTCTBYET TEH30p YIIOBOW CKOPOCTH BPAlgHHS CHi-
CTeMH oTc4era. Kpome TOro, 3fcch ¥ B fanbHeiilieM GymeM omyckaTs
3HaYKH Y QUINKO-TEOMETPHYIECKIX TEHIOPOB, YKAILIBAIOIINE HA KHHE-
METPHUYECKYIO KATHOPOBKY.

B BBITMCAHHOM BAIPAXEHHM OPUCYTCTBYIOT CIAFAEMBIE CO BTOPHIMK
MpOM3BOFHBIMH. ¥130aBUMCH OT YacTy U3 HuX. 15 aroro noGasum k (5.7.3)
JHBEPreHTHbIE WICHL! BHIA:

2+/-g(ara* - 'Via*) = ‘—2(\/——ga*)‘l\;
2y/~g(d" ~ "8rd) = ~2(*/=gd) ,.

(5.7.4)
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B pesy/ibraTe HOAyYMM IUIOTHOCTL FPABUTALMOHHOTO ArpaHxKuaHa (C Tou-
HOCTBIO 0 TMOCTOAHHOIO Pa3MepHoro KoaduprimenTa)

Z:- TD\/E

= 5 (d* - dud™ +°R). (5.7.5)

BaprupoBaHue 3TOro JarpaHxuaHa 1o 7* npuBOIMT K cKaNApHOMY
M BEXTOPHOMY ypaBHeHusM DiinwrreitHa (4.4.14) u (4.4.15), a Bapbu-

POBAHKeE 10 KOMMOHeHTamM A IPUBOIWT K 6 APOCTPAHCTBEHHO CIIPO-
€UMPOBAHHBIM YpaBHeHWAM JiniuTeitHa (4.4.16).

5.7.2. TamunsTOHOBA ¢6pmynupouxa oT0

B uensx noAroToBkM 00ILEH TEOPHW OTHOCHTENBHOCTH IS KBAHTOBA-
HHA (11 BhiZeAeHHs THHAMHYCCKHX cTeneHeil cBoGobl) Oblia pa3BHTa
TAMHUIETOHOBA (OPMYIHPORKA OOLIeR TCOPMHM OTHOCUTENEHOCTH. B ce
pasputHe Conbiuoit Bkmax sHecnmu [1. Jupax, P. Aprosurt, C. Hesep,
Y. Musnep [8] u psan npyrux asropoB. MHTEpeCHO B3MIAAHYTD Ha comep-
XKaHHe ITOTO UKKNA paboT ¢ MO3UIMA MOHATHOro METOIA 3a0aHHS CH-
CTEM OTCYETA B KMHEMETPHYCCKOH Kaiuoposke. IockonbsKy HasBaHHEBIE
ABTOPLI HE BIANENH HACONOTHEH W MaTEMATHYECKHM ATlNAPATOM TEOPHH
CHCTEM OTCYETA, 31eCh HAMOXHM MMMILTOHORY (hOPMYIMPOBKY TEOPHH
TPaBUTALMH C CYILECTBEHHBIMH [UTS 3TOfl MpOrpaMMbl KOPPEKTHEAMMU.

I. TTockonbKy B Ha3BaHHBIX paboTax B KAYECTBE HCXOOHMIX BLIOMpAnHCh
4 KOMTIOHEHTHI 7% ¥ 6 KOMITOHEeHT KOHTPAaBaPHAHTHOTO 3-MEPHOTO MET-
PHYCCKOTo TCH30pa n* , TO U3 (3.7.5) cpa3y Xe BHAHO, YTO B ILIOTHOCTH
TPABHTAITHOHHOTO NArpaHXHaHa OTCYTCTBYIOT ODODIIEHHEIE CKOPOCTH,
COOTBETCTBYIOIIHE O0OBIIEHHKIM «KoOpnHHaTam» 7. Jlupak paspabo-
TaA opMAnU3IM MCKTIOUCHHS ITHX TICPeMeHHBIX M3 YHCAa NMHAMMME-
CKHX CTEMeHeH cBOGOABI, a2 COOTBETCTBYIOIIMC WM 4 YpaBHCHHS DifH-
1TeifHA HA3Ban ypaBHEHHAMM CBA3H.

B MOHANHOM NOIXOOE KOMMOWEHTH T CleAYeT paccMaTpHBaTh
He Kak 0000LIeHHBIC TPABHTALWOHHEIC «KQODAWHATHI», 43 KaK 0006-
I{CHHBbIE CKOPOCTH IIBHXXEHHS CHCTEMBI OTCUCTA, TOTHA B KAYECTBE 0006~
LIEHHBIX KOOPAUHAT RODKHE! BBICTYNATE NPOCTP2HCTBEHHO-BPEMEHHEIE
KOOPIMHATH 2" . DTH KOOPAWHATE MOKHO TIOHHMATh KaK Habop K3 de-
TBIpEX cKAPOB. ITpH M3MEHEHHM CHCTCMB! KOODAMHAT OHW TIPOCTO
3aMEHSIFOTCA HAa HOBHIE CKanapbl. B Takoii Tpakroske 7% HyxXHO npeln-
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CTAR/IATh KAK CMPOSKTMPDOBAHHBIE HA T MPOH3BOAHBIE OT KOOPAMHAT
(npoussonnbie Jin):

St =77zl =776 =17, (5.7.6)
a MapamMeTpoOM IBOTIOLHMH CIEAYET CUMTATH HHTEPBAN 8 =7 BAOAb MH-
POBBIX IMHMI CHCTEMB! OTCHETA.

). OGo6IICHABIE UMITYNBCHI, COIPAXEHHBIE 2, HAX0NATCA OOBIYHBIM
obpasom:

art
OTG BEIPAXKECHHUEC MOXKHO TPAKTOBATh CAeAyoUTHM oGpasoM. [Tockonsky
B (5.7.5) orcyrcTByIoT T, To 8L,)/37" MOXHO NpeacTaBuTD KaK Agii-
CTBMe onepaTtopa Jiinepa—Jlarparka Ha IVIOTHOCTS TPABHTALIMOHHOIO
JarpaHXuaHa:

8L gr 1
P= =2 Vi (412,,., ~ ngm) 7. (5.7.7)

JL(y,-) _ Bﬁ(gr) _ a aa(gr)
dr¥ ord  dx® §(8r*/dz")’
MPUBOAANICE K NIEBbIM YacTAM 4YETHIpEX YpaBHEHMH DiiHiureiiHa. [o-
CKOJIBKY B BAKYYME 3TH YacTH PaBHbLI HY/IO0, TO MPUXOAUM K YEThIpEM

YpPaBHEHMAM DHHUITEHHA, COOTBETCTBYIOLIMM YPAaBHEHHAM NEPBHYHOM
CBA3K B IHPAKOBCKOM KaHOHHYECKOM (hOpMaTH3IMe;

9#v4R

[
P,=0 - (“R,,,, - T)r =0. (5.7.9)
Ill. OGo6LieHHble CKOPACTH, COOTBETCTBYIONIHE OCTABUIAMES § 0606-
WEHHBIM TPABHTAILHOHHEIM «KOODAHHATAM» Rk, CNENYET OTMpPENENUTH
4epe3 MOHAIHBIE BPEMEHHBIE TIPOU3BOAHBIE

(5.7.8)

Bph* = —2d*, (5.7.10)
TOrAa O0OGLIEHHBIE HMITYNECH! NOATYyYacM B BHIE
Lir

pix = AorkT) = TovVA(dix + hird). (5.7.11)

OO6paTHBIE COOTHOLIEHHA JIETKO HAXOAATCA B BHIE:

i 2 (4 b
orh* = —- \/_( + —p) (5.7.12)
0

e p = hikpik = —27vhd.
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IV. FliotaocTh FAMMIBTOHHAHA OnpeneauM, KaK OOLYHO!

Higry = Pt + pix Ok = Lgry =

/g N 3 (5.7.13)
Cprr b — (P pu®) - VR

uT ” \/E( 2 P — DirP 0
V. Kauouuueckue YPaBHEHUs AAs HETHpeX nap nepemeHubix o u P,
TPUBUATBHBI: -
_ My _

05 Orz" = P T, (5.7.14)
b

0ty _

OBy =~ oz

VI. TMonosuna M3 OCTABUIMXCH LIECTH NAp KAHOHHYECKMX YPaBHEHH
3KBUBANEHTHA IIeCTH YpaBHEHM4M DMHIITEHHA

& 1
5,:?1:) - (4va - igpu"R) hihy =0, (57.15)

4 BTOpad NONOBMHA

Drpi = —

(5.7.16)

cOBIanaeT ¢ COOTHOWEHus MY (5.7.12).

TaxuM 00pa3’oM B KaHOHUYECKOM (OpMANH3Me BCe IeCATh ypaB-
HeHMi DHHIITEHHA 3aAMUCHIBAIOTC B BAE KAHOHMYECKUX YPAaBHEHMIA.
[OCNEAHUE WeCTh U3 Hitx MPHMHATO HA3LIBATh JuNaMuvecKkumii, TOLNa
KakK MEPBhLIC YEThIPE — VpagreruaMu cefseil.

VIl AnanoruuneiM 06pazom CTPOHTCA TAMHALTOHOBA (POpMYTHpOBKa
INCKTPOMATHATHOTO TojiA, B Hell nmoTHOCTR MarpaHXWaHa 3MEKTPO-

MarHHTHOTO NONA B KMHEMETPHIECKOH KaATMGPOBKE MOHATHOTO METOIA
TIpEACTABASCTCA B BHIe

TON/H tkeny T o T ik*q T
> —h Or A'Or Ay + 2H' BTA,'(‘V;; —ax)d —

ik s+ i ik
- Ry, ~ a)A('Ve —ap)d + H’;H ) (5.7.17)
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Ile MCHOJL30BAHB MPOEKIMH 3JMEKTPOMAarHUTHHIX BeJIMYHH, BBEIeH-
Heie B §4.4 B 3TOM moaxone AMHaAMHYECKMMM MEPEMEHHBIMH BBICTY-
TIAI0T NPOCTPAHCTBEHHO-CIIPOCHHPOBAHHBIE KOMITOKEHTHI 3EKTPOMAr-
HUTHOTO noteHuuana. MMeHHo UM COOTBETCTBYIOT TPHM KAHOHHMYECKHE
ypaBHEHUA, COBMANAIOIINE ¢ TPeMS ypasHeHMsMM Makcpenia U3 BTopoit
napel. BpeMeHU-Mo J00Hag KOMITOHEHTA A He SBISCTCS RHHAMHYECKOIH,
Eff COOTBETCTRYET YPABHEHHEC CBA3H, COBITANANOIICE ¢ BPEMEHH-TTON00-
HOI{ KOMIIOHEHTOI! BTOPOii laphl ypaBHeHHA Makcsenna.

5.7.3. YpasrHenun DAHUITEIIHA KaK YPABHEHWH TMHUA
B cynepnpocTpaHcTee Yunepa—JeBurra

I, MoHanuwlit MeTO B KHHEMETPHYECKOI KATUOPOBKE M03BOASET B3OIIA-
HYTL Ha CyTb OGLIEH TEODHUM OTHOCKUTENLHOCTH H YpaBHeHMH DitH1uTeH-
Ha [Mo0ajbEHO, UCTIONS3YA TIOHATHE CYIEPIpOCTPAHCTBA 5), BBCICHHOE
Ix. Yunepom u B. ieButrom [8]. Ono onpeaensiercs kak COBOXYITHOCTD
BO3MOXHEIX 3-MEPHBIX [IPOCTPAHCTBEHHBIX CeYeHMI 4-MEpPHOIO Ipo-
CTPAHCTBEHHO-BPEMERHOTO MHOTrooOpazns. ITonaraercs, 910 3TH cede-
HHSA OPTOTOHANBHB KOHTPYIHUHH HOPMANEHOW CHCTEMEl OTCYETA.

IToCKOABKY O0HY M TY X¢ 3-MepHYI0 PHMAaHOBY METPHKY MOXHO
3aMHCaTh B PA3HBIX KOOPIWHATHBIX CHCTEMAX, COOTBETCTBYIOLINX KWHE-
METpH4eCcKUM npeobpazopanusaM (4.3.8)-(4.3.9), To B cymepnpocTpaH-
CTBE OIHA M Ta X€ METPHKA OfIUCHIBAETCH HEKOTOPHIM MHOXECTBOM
TodeK. OTOXIECTBIAS BCe METPHKH, CBA3aHHBIE 3THMMK Ipeobpalosa-
HUSMH, IIPHXOAMM K TaK HA3LIBAEMOMY HEPEUtHOMY CYRETRPOCIPAHCMEY,
THE BCE TOMKH, NOMYYEHHBIE HI ONHON KHHEMETPHYECKUMH npeobpa3o-
BaHUAMM, HA3ZBIBAKYICH OPOUOIL.

1. B mepBMYHOM CynepnpocTpaHcTBe HHPUTESHMAILHBIM 00pa3oM 3a-
JaeTcAd METPHKA — pacCTOsHHUE MEXTY ABYMS OIM3KUMU 3-MEpHBIMH
PUMaHOBBIMH IIPOCTPAHCTBAMHU {CEYEHUAMH 4-MEPHOTO TPOCTPAHCTBA-
BpPEMEHM):

do'?' = // 51'1')5"’6]!‘_1_6#,‘, dBZ d3.'.l:', (5718)

%) He cremyer nyras ¢ CYHEPrpOCTPaHCTBOM B PUIKKE MUKPOMUPA, OCHOBAHHOM HA
CBOHCTBE CYNEPCHMMETPHH MeXAY 6O3OHHBIMH H PepMMORHBIMH NEPEMEHHbIMH,
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rne dh;; — GecKOHeyHO Manble Pa3/uYuA METPHK h;; IByx BaM3KHX
MpPOCTPAHCTB; GIkT cynepMeTpuyeckui TeHsep. MurerpupoBanue
IIPOM3IBONHICA N[O KOOPIMHATAM IBYX HpOCTpaHcTB. B sToit dopmyne
Jhj BRICTYIIaCT B PONH, AaHAOTHYHOW mudpeperUMAIaM KOOPAMHAT
dz” B onpenejenyu KBaIpaTa MHTEpPBAId B PUMaHOBOM TNMpPOCTPAHCTBE
ds’ = g,, dz* dz”.

— ety
. Y3 cambix 0BimMx cooBpaxeHmii creayer, yro G°' cremyer Bbi-
Bparh B BUIEC

G = %@63(_«» - 2) (R + bR - 28R = G (e - o).

(5.7.19)
KoBapvauTHbie KOMIIOHEHTH CYNMepMETPUUECKOTO TeH30pa onpe-
JIENSIOTCA W3 €CTECTBCHHOTO YCJIOBUS

f Giim@" " B2 = < (040 + S8~ ). (5.7.20)

1
2
Hcnonb3ys (5.7.19), orciona Haxoaum:

1
2rvh

8z ~ @) (highjt + hihg; — hishy) = Gijud’(z — ),

(5.7.21)
* JIerkO BHAETH, YTO CMIEI CYHEPMETPHMECKOTO TEH30Pa YIOBIETBOPAEST
YCJIOBHIO

G i =

f G ijmmG™ " 'z = 66°(2 ~ 7). (5.7.22)

IV. 9Bomonuio 3-MepHBIX MPOCTPAHCTBEHHEIX CEYEHWI TPH CMellle-
HUH BACAER COOTBETCTBYIOLINX KOHIPYIHOHWH MOXHO TNIPEACTABUTL B BH-
I HEKUX TMHWHA B CYyNEpIpOCTpaHcTRe, KaxOool JHHUHM COOTBETCTBY-
€T pellcHMEe LIECTH NPOCTPaHCTBEHHO-CIPOEUWPOBAHHBIX YDaBHEHHIE
DiiHuTeitHa (4.4.16). OkasblBaercs, 9Td YPaBHEHMS MOXHO 3alIUCaTh
B BUAE CBOCOOPA3HBIX YPABHEHHH THIIA €QAE3HIECKUX NMHUI C TIpaBOi
YaCThIO B CYNIEPIIPOCTPAHTREE ¢ CYIEPMETPHKOM G,-jk;. B nanbheiiueM
OymeM €€ 3anuchLBaTh Oe3 genbra-QyHKUMHM, 4T0 OTOOpaXeHO OTCyT-
CTBHEM THIBRIH Hal €€ 0003IHAUEHHEM,



226 Mnasa 5. [lpuMerenne MOHagHOro MeTosa

AHamornyHo cumsonaM Xpucrodens B oGbIYHOM PHMAHOBOM IIPO-
CTPAHCTRE onpeaenuM KO3 OUITMEHTH CBAIHOCTH B CYREPIPOCTPAHCTBE
B BUIE

(5.7.23)

l—sﬂm’ﬁ 3 lG,k gEmnrs JGjlra 6Gjlmn
ik = 7 ikrs

Oty O O

Toraa MOXKHO IOKA3aTh, YTO YpaBHeHms Ditmureiina (4.4.16) (6es uc-
TOYHHKOB) NPEACTABUMEL B BUIE

— . . §2nvh R
Or("Orhix) + Fg:mn( Orhi))("Brhmn) = “ToGikmﬂ%-
mn
(5.7.24)
DTH ypaBHeHHA HATOMHHAIOT YPABHEHHS IBHKEHHS

d2zH dz® dx?

—_— —— = F* 5.7.25

dsz+ % ds ds 5 ( )

ITpasyio 4acthb B (5.7.24) MOXHO IIOHMMATh KaK HEKYIO CYMEPCHTY, [10-

JY4aeMylo M3 ILIOTHOCTH CYNEpPNOTeHHATA 27,Vh °R criocobom, noxo-
XKHM Ha OOBIYHBIH:

5(21’0‘\/}; 3R)
hmn

5.7.4. OTO B dapmanuame FamunbTOHa—SKOGH

Fig = —Gikmn (5.7.26)

HCHOJII:SYH BBCICHHEIC BBILLE MOHATHA, MOXHO 6()}1'63 KOMITaKTHO 3aj1H-
caTp uepe3 cynepMeTpHueckuit Tensop (5.7.21), 060611eHHBIE AMIYABCH
(5.7.11) M TWIOTHOCTH TPABUTALIMOHHOTO TaMWIbTOHUWaHa (5.7.13):

2 = G*™ (5.7.27)

Higry = Gitmnd™ 9™ + 1oVR R, (5.7.28)

B paGortax Jupaka M Apyrux asTopoB GbL10 MPeIoKeHo NPeacTa-
BHTh BTODHYHYIO raMILTETOHOBY CBs3b (5.7.28) (ypaBHeHMe DHHIITEHHA,

CIIPOEITMPOBAHHOE HA MOHAIY 110 JIBYX MHAEKCAM) KaK ypasHeHue [amMuin-
TOHa—KoGH B cynepripoctpancTee. Beena GyHKuroHaT S Tako#, yTo

w_ 08
Shiy”

(5.7.29)
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MOAy4aeM I'PaBUTALIMOHHOE ypasHeHHe [aMunbrodHa—dxoon

a8 68

0 hik 0 hmn
B pabotax Jdx. Yunepa u b. JleBuTTa 3T0 ypaBHEeHHe B JalbHeii-

HEM DBLI0 HCHOMb3GBAHO [UIM 3AIIMCH KBAHTOBOTO YpaBHEHHA Yiiepa—

HeBurra (cM. [8]), HA OcHOBe KOTOPOre pasBHBAETCHA KBAHTOBadA KOC-
MOJIOTHS.

Gitmn +7nvVhR=0. (5.7.30)

KonTponsHoe 3apnanme

TACXORs M3 TWIOTHOCTH NarpatiHaHa JEKTPOMarHWTHOTO rions (5.7.17),
3aNHCaTh KaHOHWYECKHE YPaBHEHWS A1 3MeKTPOMATHETH3MA,



fnasa 6

Marnmepran Teopns
rpaBuTauun U INEKTPOMAarHeTu3ma

Obwas TeopHs OTHOCHTENBHOCTH PELAeT 3anadyy IeoMeTpU3aiin
B3aMMO/ICHCTBHI JIMIIb YACTHYHO, OTPaHHYMBLIVCh [PABHTALMOHHBIM B3a-
numoneicteueM. Ho uaeonorms reomMeTpusaliMy GW3HMKH TUKTYET pacipo-
CTpaHCHME €¢ NPUHILIMIIOB M Ha APYTHE BUABI BlauMoneicTBHi. B XX Beke
PelIeHHIO 3TOH IPOBaeMBI YAEIAIOCH 3HAUHTENBHOE BHHMAHKE, IIpHYeM
MHTEPEC K HEW TO BO3PACTa] M OHA CTAHOBWIACDH B IEHTPE BHUMAHMSA, TO
aaryxan (cM. [4]). K xonuy XX Bexa 912 npoGiieMa BHOBb 3aHsUIa 0OCTOM-
HOE MECTO B MMPOBHIX MCC/JEAOBAHHAX, U B HACTOALICE BPEMS €CTh BCE
OCHOB&HHS ITONAraTh, YTO B PYHIMIIHAILHOM ILIaHe 3Ta npobiiema yxke
peuwteHa {cM. [1, 3, 5]). NocneaoBatenstoe yBenuyeHUe Pa3MEPHOCTU
TIPOCTPAHCTRA-BPEMEHH TTO3BOMIAET TEOMETPHU30RATE CHaYana HICKTpoMar-
HHUTHOE B3aMMOIEHCTBHE B paMKaX MATHMEPHA, 3aTeM 31eKTpocaabhie
(B 6 K 7 M3MepEHUAX) U, HAKOHEL, B PAMKAaX 8 H3MEpPeHMI — CHITbHBIE
B3aMonesicTeus |5|. TTockoneKy 30ech HANAraeTCs KIAaCCHYeCKas TeopHs
IPABMTALIMHA, TO OIPAHUYHUMCA pacCMOTPEHHMEM JiMlib S-MepHOW 00b-
€IMHEHHON TEOPHUY IPaBUTALMM M KNTACCHYECKOTO IEKTPOMATHETHIMA.

§ 6.1. MoHagHbii MeTOA B 5-MepHoit reomeTpun

OTMeTIM, uTo nepBas crared Kamyiw [11, c. 529-534] w pan mo-
cAeRyrwHx padoT apyrux asTopoB ObITH HEAOCTATOYHO ODLIMMH K YET-
KUMH. TOIBKO CIycTss MHOTO JieT Hiaeu Kanylp! 66utn ¢chopMyaIHMpoBaHsl
B CTPOTOM M 3aKOHYeHHOM Bune. (JKa3anoch, uTo It 3TOH LIS He-
00XOmMMO HCNOAB3OBATE MOHATHBIA METON PEeIyKUMK 5-MepHOH Te0-
pPMH Ha 4-MepHOe PHMaHOBO MPOCTpPaHCTBO-BpeMA. HeTopHuecku Mo-
HAOHHIK METON BO3HHWK B CBSI3H C pENIEHMEM WMEHHO 3TOH 3amavuq
(cMm. [15, c.492-513]), ¥ nMWB cIYCTA MHOTO JIET GbLT MEPEOTKPHIT
M YCOBEPIICHCTBOBaH TIPH pa3paBoTKe METOIOB ONMMCAHMS CHCTEM OT-
CYeTa B paMKax 4-MepHO# o6meit Teoprn OTHOCHTENBHOCTH.
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6.1.1. JonycTUMOCTL Nepexona K MHOTOMEPHOA Teopun

[. [Mpexae yem paccMaTpuBath S-MepHyIo Teopyio Kanyiel cnenyer ycrpa-
HUTH pacnpocTpaHeHHOe npenybexiaeHue NpOTHB MHoroMmepys. Elue
M. KaHtoMm OBLIO YCTAaHOBIEHO, YTQ 3AKOHbLI OOpaTHBIX KBAaApaToB MJIs
rpaBHTALHOHHON W 3IEKTPOCTATHUECKOMN CHT OGYCIIOBIeHEl 3-MepHO-
CTbIO KJIACCHYECKOTO MIPOCTPAaHCTRA, JTO NETKO BHIBOAUTCA M3 3-MEpPHBIX
ypasdennii [IyaccoHa g ckanApHbIX TIOTEHIIMAJIOB COOTBETCTBYIOLIMX
noneH. B rumoteTydeckod TeopuH, ONHCHIBAWILENA ABICHWA B IUIOC-
KOM N-MCPHOM TIDOCTPAHCTHE, €CTECTBEHHO TAKXKE OXWIATE HamH4ue
CHII, MOTEHIIHANB! KOTOPHIN p YROBIETBOPAKT N-MCDHOMY VPABHEHHWIO
[lyaccoHa. Ero peleHHd M LigHTPATEHbLIE CHABI HAXOISATCA B BUAE

a 1

(¢
(P(r) = rn_.z

To¢ & — TOCTOSTHHAA,

r:\/;%+:n§+...+:c3,_].

3aMeTdM, YTO aHAJIOI NYHASA 3aBHCUMOCTE TIOTEHITHANA OT pandaib-
HOW KOOpPOWHATHI MMEeT MecTO U B ofobmennu OTO Ha ciyyait n + 1
wimepenni, Tak, cdepidecku cummeTpiyHoe peienue (TaHTEPIHHM)
MHOIOMEPHBIX ypaBHEeHUI DAHIITeifHA B KOOPOWHATAX KPHBH3H HaXO-
ANTCA B BHAC

d 1 .
g8 = (1 - 1-_;9_—2) (dz°)? - —TT - P, (6.1.2)

Tn—2

!
mer==2;
40 = (dz®)’ + sin® *(dz’)? -+
n-1
L2002 2 3 A ,
+ sin 2% sin® 2’(de*)? + ... + 1_‘[sm2 (dz")?.  (6.1.3)
=2
MoxHO MOKa3aTh TeM Xe CNoco0oM, YTo B B 4-MepHOM Teopuwu, 41O
U3 3TOTO BHIPAXEHWH B OCHOBHOM ITPHOMVDKCHUM TIOMYYaeTCA KBAlM-
HBIOTOHOBA ¢HJ1a BUDa (6.1.1). B yacTHOCTH, B 5-MEPHOI TEOPHH TAKOTO

THTIA CHABl YOBIBAIOT OOPATHO NPOTIOPUHOHARBHO KyDY pacCTOSHWS
OT LIEHTpa.
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ll. Ha nannoM dakte OCHOBAHKI MHOTOYMCIEHHbIE OCOOEHHOCTH Q3K -
YeCKOro MHpa B IIPOCTPAHCTBE-BPEMEHH YEThIPEX H3MEPEHU 110 cpag-
HEHMIO ¢ FHIIOTETMYECKMMY MHPAMH B NIPOCTPaHCTBAX HHOM pa3MepHO-
ctu. Ha3oBeM IMIaBHHE M3 TaKMX 0cobeHHOCTElH:

¢ ATOMBI YCTOHYMBEL IMUIb B [IPOCTPAHCTBE-BPEMEHH YETRIPEX H Me-
Hee H3MepeHuil.

+ Kpyrosoie opSUTH NPOOHEIX TEJ ycToﬁanu B HBIOTOHOBOM Ipa-
BHTALHOHHOM ITOJIE JIMIIE TIPH 1t < 4.

o TlpunHiun [ofireHca cnpaBeUTHB TUIUB B IPOCTPAHCTBAX HEMETHON
Pa3MEPHOCTH (B NPOCTPAHCTBE-BPEMEHH YETHOM PA3MEPHOCTH).

o KBaHTOBas 3NEKTPOAHMHAMHKA HEMEPEHOPMHUDYEMAa B TIPOCTPAEH-
CTBe-BpeMeHU ¢ 7t 22 4. .

¢ UYeTnipe — HaMHM3IIAA pa3MEPHOCTh, HAYKHAA ¢ KOTOPOH TCOPHS
JitHuITe#iHa B BAKYYMe CONCPXATeJIbHA,

s YpapHeHMs Makcsesia KOHQOPMHO MHBAPHAHTHEL ML B 4-Mep-
HOM ITIpOCTPaHCTBE-BPEMEHH.
HMelotes u apyrue 0co6eHHOCTH 4-MepIsi, MEHEe M3BECTHbIE (CM., Ha-

npumep, [1, c.234-244]).

lll. - HecmoTpa Ha nepeymcieHHble CBHAETENLCTBA BbLAEAEHHOCTH 4-Me-
pusi, B MHOrOMepHbIX (pu 1 + 1 > 4) reoMerpudecKux Moxensix ¢u-
3MYECKHMX BIaMMOAECTBHI THMA TeopHH Kanyllkl OTCYTCTBYIOT NPOTH-
BOPEYMA ¢ BHSABIEHHRMMY OCODEHHOCTAMM 4-Mepusa Haarofaps cieity-
IOLIMM JBYM OGCTOSTENBCTBAM.

1) BriBOZBl 06 OCOGEHHOCTAX 4-Mepus AENANUCh C MCIONB3OBA-
HHEM HNOCTYAATA, YTO BCE AGHOJAMMTE/bHbie PA3MEPHOCTH PABHONPABHLI
¢ Ha0mogaeMuIMH KaacewaeckimMu. OIHAKO HACKONBKO HEOOXOOHM 5TOT
nocTynar? ¥YXxe B CheudansHOoi TeOpHE OTHOCHTEABHOCTH BPeMeHH~T10-
LoOHasA XKOOPAWHATA OTAMYAETCS OT TPEX MPOCTPAHCTBEHHO-NOMOOHBIX
KoopauHAaT, B peanbHol 0OCTAHOBKE /NN KaXIOrc U3 HAc OJlHa IIpo-
CTPAHCTBEHHO-TONOOHAA KOOpAWHaTa (HanpaeieHKe BBEPX-BHU3) Bbl-
eTeHa 1o CPABHEHHIO C IBYMST IPYTMMYU (BIIEpe/i-HA3AI, BAEBO-BIIPABO).
OcTaBuIdecsd ABe TAKKE HepaBHONpPaBHLL. YToGH B 3TOM yOEAUTHCH, 10-
CTATGMHO B3TTAHYTH Ha CTPEAKY KOMITAcA.

TIp# MOCTPOEHWH MHOTOMEPHEIX TEOMETPHUECKHX TEOPUH CliemyeT
OTKA3aThCsd OT MOCTY/IATA PaBHONPABUA ROTMOMHUTENBHEIX H Kiaccuye-
CKMX M3IMEpPEHHWi, monaras, 4To QU3NYECKHe OOCTOATENBCTBA HalIeTo
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MMpa TAKOBBl, YTO B Ha(/II0JAEMbIX YCIOBHMAX METPHMECKMH TEH30D
MHOrOMEPHOI'0 MPOCTPAHCTBA-BPEMEHH HE 3aBHCUT OT AOIOAHHTEIb-
HBIX KOOPIHHAT (WIH 3aBHCHT UMKIMuecku). B aTOM cnydae yxe Hembas
MCIIONb30BATE CHMMETPHIO BYAa (6.1.3), npuHatyio B peuieHuu TaHrep-
nuHu (6.1.2); Toraa MHOTOMEPHbIE YPABHCHMS TIPMBOIAT K Habmoaae-
MO 3dBHCHMOCTH CHJI OOPATHO NPOMOPIIMOHANBLHON KBAIpaTy paccTo-
AHHSA OT UEHTPA.

2) Mpu obcyXueHHH AEKTPOMATHUTHOTO TI0JIA -00hIMHO TONAranoch,
YTO OHO BHOCHTCS B TIPOCTPAHCTBO-BPEMS H3IBHE, OOHAKO B MHOTOMEp-
HbIX TCOMETPHYECKHX MOICASX TUTIA TeOPHH Kamylsl 3IeKTpOMATHMTHOS
(v 1pyTHe hH3MMECKHE NOJI%) CleyeT BBOAMTL Yepe3 KOMIOHEHTE MHOTD-
MEPHOIC METPHYECKOTO TEH30PA C MOMOINbI0 PEIYKIAH K 4-MepHOH TeOpHH.

6.1.2. Monapsuiii meTop, peaykuum {(4 + 1)-pacwiennexns)

YT106b1 POSCHHUTE BCE OTOXAECTBICHMA M OIPaHHYEHHsl, COENAHHEIE
B 5-MepHOi TeopuM Kaayliel, HAUHEM ¢ HITOXEHUA MOHagHOrO MEeToIa
B CAMOM ODLLIEM ciIydae 5-MEPHOTO PHMAaHOBA MPOCTPAHCTBA-BPEMEHH,
TAC MOHAIA HAMPAaB/ICHA BAOAb AOMOIHUTEIBHOIO, IINTOTO H3MEPEHUA.

MoHanHBIH METON ONSITE YIOOHO APEeICTABHTE COCTOSIIMM H3 TPeX
qyacredi:

1} anreSpbl MOHaZHOTO METOZA;
2) 3amaHus MOHAHBIX (BH3IUKO-TEOMETPUYECKHMX TEHIOPOB;
3) onpeneneHys MOHAJHEIX OTEPaTOPOR AU depeHIIMPOBAHMUS.

Ha ux ocHOBe 3anMCHIBAIOTCH OCHOBHBIX COOTHOILEHMI TEOPMH
B MOHAIHOM BUIE.

. Arze6pa monadnozo memoda. TlocTynvpyeTcsi, YTO B KaXIZOH TOYKE
S-MepHOro MHoroobpasusa ¢ MeTpHYECKMM TeH3opoMm G 4p onpeneneH
BekTOp (MoHa1a) Aq = G(5)4. HMcxonsoit dhopmynol saiseTcs npea-
CTaB/IEHHE METPHYECKOTO TEH30pa B BUIAE

Gap = £A4Ap + gaB, (6.1.4)

TIE §4p — METPHYECKHH TEH30pP 4-MEPHOTO MPOCTPAHCTBEHHO- BPEMEH -
HOT'O CEYeHHA, OPTOTOHANBHOIC A 4. 30eCh AN oOIHOCTH NOMYCKAIOTCH
ABE BOSMOXHEIC CHTHATYpPBi: {+ — — — + }, COOTBETCTBYIONIAA BEpX-
HEMY 3HaKy B &, u (+— — — —), COOTBETCTBYOIIAA HIDKHEMY 3HAKY.
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CocTaBAoUIME S-MEPHOI0 METPHYECKOrO TeH30pa B (6.1.4) ynosneTso-
PAIOT YCIOBHAM OPTOHOPMHMPOBAHHOCTH

AaApGAE = 21, Mg*P=0; gapg*® =4 (6.1.5)

Kak yxe orMeuyanock, B MOHAIHOM METO/E ONEePUPYIOT JIMILb C Be-
JIMYKHAMM, CIPOELIMPOBAHHBIMHU MO0 Ha BRUESIEHHOS HAaMparicHue,
JM00 HA OPTOrOHANbHYH) €My THIEpIOBEPXHOCTh. DTO LOCTUTAETCA
BHYTPEHHHM YMHOXEHHMEM TEH30PHBIX BEAMYMH Bé:ff 1ub0 Ha BexTOp
MOHAIEI Ay, THOO HA KOMIIOHEHTHL 4-MEPHOTO METPHYECKOID TEH30pA.

BriepeM MoHany a4 BIOJb HANPaBIeHUA SONCIHUTENBHON Koop-
IHHATH 2:5, TOrda M3 YCOBMS HOPMHPOBKK B (6.1.5) cneayer npeacras-

JeHHE A4 Yepe3 KOMIIOHEHTH! 5-MEPHOrQ METPHHECKOTO TEHIOPA:

A= —G? =i =0; N =.v———l };
VEGss VEGss
(6.1.6)
Gas

47 VEGss { b VEGs »

Kak ¥ paHee, Takoe IIpeacTaRIeHHE OYIeM Ha3bIBaTh KanTubpoBxroi
MOHAJIbI, TOUHEE — BLIGOPOM Cneyuaabhoil Kaaubposku (TUNa XPOHOMET-
pudeckoit 8 0TO).

B naunoit kamubposxe u3 dopmyn (6.1.4) u (6.1.6) MOXHO Hail-
TH BLIPDKEHHA KOMIOHEHT 4-MEPHOTO METPU4ECKOro TeH3opa 4epes
KOMAOHEHTH! (45, aHanornynne (4.2.2) 1 (4.2.3):

. G#SGVS .
R

g‘.;;:G#y:FA#Ay:—Gﬂy - Gss g"w = GHV; g# =G#; (6.1.7)

g5:=0; gs5=0; ¢¥*=G" g =FI); )
: (6.1.8
g% =0; gsszzt[(z\s)z—)é].

B mawHoit kaSIHOPOBKE BRUACHACTCA NMOAMHOXECTBO CHCTEM KOOD-
JMHAT, CBASAHHLIX TTpecdpaloBaynaMu:

15

s
2 =z"(°, o', 2

L2, 20); (6.1.9)
)

¥ =¥, ', 2, o). (6.1.10)
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HaioBeM xaaudposouHe uHeapUarmubiMu 4-TeH30pAMH BEJIMMHHEL, MH-
BAPWAHTHEBIE NMpM NpeobpasoBaHnsax 5-i koopauuats! (6.1.9) u xoBa-
PHAHTHBIE OTHOCHTENBHO 4-MepHbix npeobpazosanuid (6.1.10). Taxo-
BHIMK OYyT KOMIIOHEHTH 4-MEpHOTO MeTpHueckoro Tensopa (6.1.7)
H BCE CIpOEIMPOBAHHBE HA KIACCHUECKOE TPOCTPaHCTBO-BpeMsA TEH-
3opul. B Takoit TeopMH OyayT UCTIONB30BATHCHA JMIUL KanUOpPOBOUHO
HHBapHaHTHBIE BEJMMUUHEL W ofepaTrophl. B manmeHefmiem, Te MOTYT
BOSHUKHYTL HEIOPa3yMeHusd, WX OyaeM IoMeyaTh TIIBIOH CBEpXY.
KBanpar 5-mepHoro vuTepsana (6.1.4) MOXHO npeacTaBuUTh B e~
OyIOLIEM BUAE _
dI* = Gp de? de® = ds* £ dN, (6.1.11)

roe HCNO/ib3OBaHbl COAPOSUUPOBAHHBIC CMEUICHHS
dr=dz*)s;  ds’ = gup dF dF° =g, do* d2”. (6.1.12)

H. Monaousie dusuxo-seomempuneckue menzopst — 3T0 TEH30PHI, KO-
TOpPLIE MOXKHO HOCTPOUTE M3 MOHANHBIX COCTABIAIOLUMX METPUYECKOLO
TEH30p4 H HX MepBbiX npou3BoaHbix, Kak v B ciydyae 4-MepHOI TeOPHH,
HMEKOTCA TPH U TOJIBKO TPH TAKUX T€H30pa:

Hrs  OA
0, =FAAgm—Aga) > B, =N (—8—; + a—x‘;); (6.1.13)

5 _ iﬂf g5(Ac.0 — Apg)

FAB == 2 f}w =
1/ OA A,
Dy = (AC gAB.c-i-/\% 9Ac+x\€l yBc) Y D= _1_aga,3
2 T TN 0
(6.1.15)

Bo Bcex atHx (opMynax COOTBETCTBYIOILHE TEHIOPH! CHAYAIA 3ANMHCAHbI
B 001EKOBAPHAHTHOM BHIE, a 3aTeM IEPEIHMCAHBl B HCNONBIVEMOi Ka-
aubpoBke. 3ansToi, Kak 00b4HO, 0003HAYEHE YACTHBIE NIPOM3BOLHEIE,

11, Monadubie onepamoput ducppeperuuposanun 3aMeHIOT KOBAPUAHT-
Hbl€ TIPOM3BONHLIE H 110 ONPEACIEHNIO TAKOBSI, YTO, AEHCTBYH Ha CIIPO-
SLMPOBAHHDIE BETHYMHBY, HPUBOIAT K CHPOCITMPOBAHHBIM K€ BRIPAXKE-
HHAM. TaKOBHIX OTIEPATOPOB, KaK H B 4-MepHONU TEOpPHH, ABA.
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1. MouanHblit onepaTop nO BHISTEHHOMY HalpaB/ICHHIO 3alichi-
BAeTCH TIPOELMPOBAHKMEM TIPOM3BonHOM JIM No BCEM MHIEKCAM Ha op-
TOTOHA/bHbIE A4 HampapjieHWA. 3aldIleM 3TOT QNEPATOp Cpaly B HC-
NoNb3yeMOil KanubpoBke

B aﬁ#:” 1 3.55-'...'
=X = — . (6.1.16)

SxB As ox>
BTOT oflepaTop HE 3aBUCHUT HH OT PaHTa, HY OT KOBapHAHTHOCTH JUdb-
depeHIMpPYEMOIl BETHYUHEIL,

2. Omepatop KOBapHaHTHOIO mudbepeHLUHpOBaHMA MO HaNpasie-
HHSIM, OPTOFOHANBHBIM BHUICICHHOMY, HMEET BUL

aF B

VIBE =8rBL +TOBY +.  ~To By +..., (6117
IIe HCTIOb30BAHbI 0003HAYEHHA

d Gs; 0
o= —- 22— (6.1.18)
oz Gss 05
— KATHOPOBOYHO HHBAPHAHTHLLIA onepatop adrbepesilinpopaHis 110 Ha-
NpaBIeHUAM CEYEHUA, OPTOIOHANBHOTO A 4 («YIIMHEHHAA ((POM3BONHAS» );

~ 1
Fﬁ,\ = Eg!w (a,-\'-ga'u + 3;9.;). - 3jg¢).) (6119)
—_— KﬂJIHﬁpOBO':{HO HHBapHaHTHAA CBA3HOCTbL B CEYCHHUMH.,

6.1.3. feomeTpuyeckue ypaBHEHUA B MOHAAHOM.BUAE

Kak u B cirygae 4-MepHOH TeOpHM, MOHAAHEIH BHI COOTHOIIEHHH O3HA-
9aeT UX TIPEACTARNIEHHE B TakoH (opMe, UTO B HUX BXOIAT TOMLKO CHpo-
ELHPOBAHHbIE BEIHYWHBI, MOHAAHEIE (PUIHKO-TEOMETPHYECKHE TEH30PEI
¥ MOHAIHBEIE Onepatopbl fadrpepeHiporams. BreimunreMm B kanubpo-
BOYHO HHBAPKAHTHOM B¢ HauGonmee BAXHBIC JUIA TOCTPOSHHA (PH3N-
4eCcKOH TEOpHMH TeOMEeTPUYSCKHE BETHINHEL M YPaBHEHHA.

|. Ypasuenun zeodesusecxux Aunuii B 5-MEPHOM TEOPMU MMEIOT BHI

d*zA 4 8z8 dz€
71,—2’ == —FBCE‘&'—I—, (6.1.20)

rae S-MepHbie cuMBonbl Kpucrodgens 3amuchpalorcs B 0OBIYHOM BHAE.
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Beenem KamuGpOBOYHO MHBaPHAHTHEIE KOMIIOHEHTHI 5-CKOPOCTH:

dz* dA dx?
B ) K
W=—: — =X — +Au 6.1.21
ds ds ds we o ( )
TOTNa YPARHCHMWSA TeoNe3NYecKUX AWHMH MOXHO TIPEACTaBUTL B BUAC

CKATSAPHOM M 4-MepHOI BEKTOPHOI yacTei:

d2A dA\? dA
Ef = [I prd (E“;) J (DFV’U#’UV - E‘bpﬂ:“); (6122)
du# ~ dA - dA
_ T e v v
it —[ppuu” - 2517'.‘;1; + A (W'uD,, — 2D%) %
aA\’ ,
+ (&;) (B — uu, ). (6.1.23)

(Ipx 3amHCH BEKTOPHOTO YpaBHEHHA BBUIO HCMOMB30BAH0 CKaJTApHOE. )

I\. Komnonenwms: S-mepnozo menzopa Puwun p KamuOpoBOYHO HHBAPH-
AHTHOM BHAE NPEACTABIAIOIC CICHYIOUIHM 0OPA30M:;

SRM = ‘RM _ M3 = DD™ + 2D¥ Dl ¥ QRN Y

Vad;+Via
_ b vf o A Fa
"¢ ( 5 j:a;foaﬂ); (6.1.24)
"REA" = U (D* + F* - Dg") & 28, Fm. (6.1.25)

1

‘RapMAP = (¥Vie® - ) DT o%p, - Dog D + F, s F0)

(6.1.26)
rne

450 ot To +70 e oy e
Roivp =0y Lyp — L0, + 1,17 ﬁpI‘Zp'
B =R R=tR, (6.1.27)
Ocobnit WHTepec MpeACTaBnsAeT 5-Mephas CXansipHas xpuBM3Ha

Urpamowas 8 GUINIECKOH TCOPUH POND TeoMeTpmeckarg oKW
B MOHamHOM BUIE OHa MpedCTaBISeTCA CAenyIoLIY of :;rpa AHa,
PA3IOM

5 S AB 43 2 -
R="R,gG"" ="RF¥D F Dy, Do ¥ F, Fmw _

_ +
2(£05 D + @00 o quf‘)_ (6.1.28)
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I, O6obuernvie 5-meprvte ypasnenus inwmeiing NOCTYAUPYIOTCH B TOM
XKe BHIE, YTO H 4-MepHBIE;

1
Rap ~ EG,“RR =% Qus, (6.1.29)

re & — nOoCTOAHHAA. DTH ypaBHEHMA ChIIPAIH BAXHYIO POb [IPH aHa-
JAM3e BOSMOXHOCTEH TeOpHH Kanyupl, no3aTroMy BhINMIIEM HX B CaMOM
ofuieM KanuOpOBOYHO HMHBAPUAHTHOM BMIIE:

S S I U .

Vie,+ Ve -
_“_”2_”__” ~ Guv (q:,aq)“ + V;"I)a) +

+ (F2Dyo + FoDyo) £ DDy, 2D D) £ 87 Dy

+ 8,0, +

1
F 59 (D? + Do D" + 207 D); ‘ (6.1.30)
V(D" £ F™ — Dg") £ 20, F* = 2 QiA°; (6.1.31)
4ﬁ kP ~af D? - Da,BDaﬁ . ALB
- —2- - 2F03F x “—2———— =-& QABA A%, (6.1.32)

KonTponbHbie 3apanva

1. OfocHoBarh, noueMy UL HOCTPOSHMA 5-MepHOM OGbeAMHEHHOR
TEOPHH l‘paBHTauHH M 3EKTPOMATHETHIMA HETIPHIONHA KankOpoBKa
monansr A Tuma KumeMeTpHuecKoi.

2. TlpeacrapHTh B MOHANHOM (T. &, B (1 + 4)-pactuennennom) Bune Gop-
MaJIbHO JAIIHCAHHYIO RTOPYIO Iapy 5-MepHbIX ypaBHeHUH Makceenna

VaF4 = J4

rie J4 — morHocTs S-MepHoro Toka, CpaBHUTE IONYIWBLIMECS
BRIPAKEHHA ¢ F-MEPHBIMK ypaBHeHUAMH DifuuiTeitna {6.1.30).

§ 6.2. MarumepHan Teopus Kanyubi

Iepeiinem ot 5-MepHOH 2eomempuyeckoii TCOPUH B MOHATHOM BHIe
K OOBEXUHEHHON guauneckoli TEOPUN TPABHTALHOHHOTO U SMNEKTPOMAr-
HHUTHOTO B3aMMOICHCTBMI,
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6.2.1. Mepexon OT S-MEPHON reocMeTpUu
K 3nexTpoauHamuke B OTO

Aaxe 6er1o¢ cOMOCTABIEHNE TIONIYHCHHBIX B S-MepHOH TEOpUH ypaBHe-
Hu#l co cTaHIAPTHEIME B OTO H 3MeKTpOIHHAMMKE YKAIBIBAET Ha MHO-
TOUHCICHHBIE YIMBUTENEHBIE RHAJIOTUYW W COBIIANEHUS, KOTOPHIC BPAA K
MOTYT ObITh CTy4aiHbIMU.

|. TlepeunciiiM OTONEECTRACHHA H MOCTYRATHI, HCTIONB3YEMBIE B S-Mep-
HOH TeopHH Kaayisl (663 CKATSIPU3MA).

1) HeoOxomuMo oTOXAeCTBUTh (Uepes pa3MepHBIH MHOXHTE/b) aH-
THCHMMETPHUHEIH (DUIHKO-T€OMETPHIECKHit TEH30p F)y,, ¢ 3MEKTpOMAar-
HUTHBIM TeH30poM F,, a A, — ¢ BeXTOpHEIM noTerumanom A,.

2) [lna oBecrnieveHms HyXHOTO 3HaKa (MUHYC) Tiepe] TEH30POM 3Hep-
TMH-HMITY/1bCa 3eKTpoMariutHoro noas (cM. (1.5.18)) B npaBoit vacTu
ypaBHesus (6.1.29) creayer BbIOpaTh 5-10 KOODAMHATY MPOCTPAHCTBEH-
HO-[10406HOI, TO €CTb B3STh CUTHaTYpY (+— — — | —).

3) Yrobbl yCTPaHUTb M3 BCeX YPABHEHUH CUMMETPHYHOE TEH3OPHOE
mnmoneg Dluy, JOCTATOYHO I[MOCTYAHPOBATE HE3AaBUCUMOCTE KOMITOHEHT 5‘

METPUKH OT 5-# KOOpAMHATHL (ycrosue yuALHIpUHHOCME TIO zs):
SGAB
5 =0
dx
v 4) J1ns Toro, 4To6bl COXPAHSIOCE YCIOBAE LLTHHUPUIHOCTH 110 5-i

KOOPIMHATE, JOMIYCTHMbIE TIPEOOPAZOBAHIA 110 AONOIHUTENBHON KOOD-
JHUHATEe Q0KHEL ObITL CYXEHHI 00

(6.2.1)

® =2°+ f2°, 2", 2, 2, (6.2.2)

rae f(z") — QYHRIMS UL 9eThipeX KIACCHYECKUX KOOPAWHAT.

5) Inst ycTpaseHus BekTOpHOro nona ®, nocTaTouHo, KPoMe Yeio-
BHA [TWIMHAPHYHOCTH, NOTPeOOoBATE MOCTOSHCTBO 15-i1 KOMTIOHEHTH
METPUYECKOTO TEH30pa, HallpHMep, TONOXKHTE

Gss = ~1. (6.2.3)

6) Mns Toro, yroGel craraeMoe B (6.1.23) cnipapa, conepxamee Fj,
TIPEBPaTHAOCh B U3BECTHYIO B 3MeKTpoOIWHaMuKe cwry JlopeHila, Heo6-
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XOIMMO TIONOXMUTh, 4TO MATAS KOMIIOHEHTA CKOPOCTH [IPOMOPLIMOHANE-
Ha OTHOLUEHHIO 3NEKTPUYECKOr0 3apsAla YacTHIL § K ee Macce fil:
dA q

el —— 6.2.4
ds 2mvG ( )

I}. B urore nonyyaercs kiaccHyeckas TeOpPHA 3JMEKTPOMATHETHIMA B HC-
KPHBJIEHHOM mpocTpancTBe-speMenu. TlepeudciviM XapakTepHbie YepThi
3TOH TEOpHHU.

1) B Heil ocyECTRILIOTCS CACAYIOLIHE OTOXACCTRICHIA TeOMETPH-
YeCKHMX H QM3M4ECKHX BETHIHH:

c2 a2 -
4G
G = GJW - Gs,ucsy = G,m - ?A“Av. (6.2.6)

2) Ilpu HanoXeHHBIX BHILE YCIOBHSX 0006LIeHHbIe cBa3HOCTH (6.1.19)
npespamanTcs B o0pyHbe cuMBOIBL Kpucroddens:

Ths — Ty, (6.2.7)

a 4-MepHEbIe aHANOTH TEH30pa KPMBU3HBI COBTIANAIOT ¢ ODUIETIPHHATHIMH
4-MepPHLIMH BEITMYHHAMH.
3) CkansipHas xpuenana {6.1.27) rnpespailaeTcs B CTaHAAPTHYIO IIOT-
HOCTB JJaTPAH)KHAHA TPABUTALIHOHHOTO M IEKTPOMATHHUTHOrO MNoAeii.
4) omoAHUTENBHOE CKANAPHOE YPABHEHUS TEOHC3HYCCKON NUHKH
(6.1.22) npeBpaiiaeTca B YCIOBHE MOCTOSHCTBR OTHOWICHUS IEKTPH-
YeCKOTo 3apsiia YacTHIAI K ee Macce:

d(q q
J I - = . 6.2.8
ds(m) 0 - — = const (6.2.8)

5) DAeKTpOMArHUTHBIL BEKTOPHEIH NOTEHUMAN, COIMIACHO ONpeje-
neumio (6.2.5), He ABIAETCH KHBAPUAHTOM OTHOCHTEILHO Mpeobpasosa-
HHUil 5-i koopaunaThl (6.1.9) 1 (6.2.2). IIpu npeoGpasosanusx (6.2.2}
OH M3MCHAETCH IO 3aKOHY )

. af

Ay = 4o+ 55, (6.2.9)
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NPeACTABNAIOILEMY CO00il M3BECTHBIE KanUOpoBOuHbIE IpeobpazoBaHua
IEKTPOMATHHUTHOIO BEKTOPHOTO MOTEHUHANIA B CTAHAAPTHOH 3MeKTPOo-
JHMHAMHKeE,

6) B reopuut Kanylst KCnons3yeTcst yCI0BUE LATHHAPUMHOCTH (He-
3aBUCHMOCTH) HO 5-7 KOOPAMHATE NULIL [UTA KOMIOHEHT METPHYECKOTO
TEH30pa, TOIA Kak BHEWHHE K reoMerpuy uznyeckue nons ¢ (npo-

H3BONBHOTO CIIMHA) B OGLIEM CNydae 3aBHMCHT OT S-it KoopauHatsl. 1To-

CTYAUDYETCA, YTO 3aBHCHUMOCTD OT 2:5 PMEET MECTO AMA INCKTPHUYECKH

3apsKEHHBIX TIQMEH M HOCHT KUKAU4ecKuil Xapaxmep
. teces s
@ = (z*) exp {iaesz°} = (z*) ex {—-—-—-a: }, 6.2.10
‘19( ) p{ 3 } 9’( ) P 2 \/@ﬁ ( )

rae @(2") — vacTn BOAHOBOM DYHKLIMH, 3aBUCANULAA TOABKO OT 4EThIPEX
KNacCHYECKUX KOOPIMHAT, £5 — LEfoe 4uca0 (rapMOHMKa), Xapakre-
pH3yioLlee 3apa 1o () B COMHMLIAX 3aPAAa NMEKTPOHA €:

£s = Q. (6.2.11)

Uytnyeckyio 3aBucHMocTd {6.2.10) cirenyeT TIOHWMATh Kak 3aMKHy-
TOCTh {TEPHOMIMIHOCT) MHOrooGpasus no 5-# KOOpAKHATE ¢ NIEPHONOM
2r  4n/Gh lo

4 2 1073 oM, 6.2.12
a ec i Vo ™ ( )

T

rie BBLIEJICHBI [(Be XapaKTepHbie (PU3IMYECKHE KOHCTAHTEL

hG e 1
hEVE TR T

— COOTBETCTBEHHO TUIAHKOBCKAS [LUIVHA U MOCTOSHHAA TOHKOH CTPyX-
TYpbL. BTO O3HAYAET, YTO B 5-MEPHOW TEOPUH HCIIOAB3YETCA TOMOAOTHSA
LHIHHAPA B Iyxe pabGoTel A, DitHurredina u [1. Beprmana 1930-x ropos
[14, ¢.492-513].

7) TIpu caenaHHBIX OTOXIECTBICHHAX COGCTBEHHbIE 3HAUEHUS Ofle-
paTopa MOHaaHOro audxpepeHmMposatma Ho 5-i xoopauxare (6.1.16)
ONPENENAI0T 3IEKTPHYECKHH 3apal Nons. Bropoit onepaTop MOHAIHOTO
4-mepHoro auddepenuuposanus (6.1.18) o3Havaer
e {8 WG, 8N (8 e )

= ( )¢_ ((w + 4 )2 (6213)

W=\gata bpz
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T. €. COBIAAaeT ¢ OOWENPUHATON «YIUTMHEHHOM NMPON3BOLHOM» B CTaH-
JapTHO# 3/1EKTPOIUHAMMKE.

8) Jlerko yGeIWTBCA, HTO NTPU AOTYCTUMBIX B Teopur Kamylisl npeos-
pazoBaHusx 5-i KoopoIMHATH (6.2.2) 5-MepHbIe BOTHOBbIE QYHKLUMK P
13 (6.2.10) MCIBITHIBAIOT U3BECTHBIE KATMOPOBOYHBIE H3MECHEHHA

ie
P> Pexp| —f (6.2.14)
ch
ONHOBPEMEHHO C MPEOGPa30BAHHEM 3NEKTPOMATHMTHOLO BEKTOPHOIO

noteHuuana (6.2.9), torna xaKk ortepatop (6.2.13) npu 31OM OcTaeTcs
MHBADMAHTHBIM,

HI. PesioMupys H3TOXEHHOE MOXHO YTBEPXIaTh, YTO 5-MepHAA TeOpUA
rPABHTAUNMH H eKTpoMarneTniMa Kaxyun ofragaer paioM HecOMHEHHBIX
AOCTGHHCTB. B NUTepaType MX MHOTAA HAIBIBAOT «YYAECAMH» TEOPHH
Kanyus, MoXHO BBIICIHTE YETHIPE OCHOBHBIX «dyaa».

(1) TIaTHaOUATh 5-MEPHBIX YDABHEHHK DUMHIITe/iHA aBTOMATHYECKM
PacCLIEITISIOTCA Ha OeCATh OOBIYHHIX 4-MepHBIX ypaBHeHHH DHAH-
wreifHa, YeThlpe YpaBHECHRA Makcseania W ele OHHO CKANAPHOE
ypaBHEHME,

(2) B monyyaemoii TakuM 0oGpa3OM CHCTEME 4-MEPHBIX YPABHCHHH
J¥HIITeHHA B NMpaBoM 4acTd ABTOMATHYECKH BO3HMKAaeT TEH30p
IHEPTHH-UMAYAbCA 3ACKTPOMArHUTHOTO TIONA.

(3) YpaBHewus 5-MepHOMH reome3uyecKoit TMHUH aBTOMATHYECKU TIPH-
BOMAT K YPABHECHMAM [BMXEHUS 3apsDKEHHOH 4aCTUUBI B UCKPHB-
JEHHOM MPOCTPAHCTBE- BPEMEHH TNPK HAMKMYMH 3IEKTPOMAarHUTHOMo
NOJIA. .

(4) H3BecTHEIE B 3/IEKTPOAMHAMMKE KATHOPOBOYHBIC TIpeoOpa3oBanus
BEKTOPHOTQ IEKTPOMATHUTHOIC MOTEHLMANA CREAYIOT W3 GONY-
CTHMBLIX TipeaOpasoBaHuil 5-4 KOOPIHHATEL

6.2.2. BapwaiT 5-MmepHoi teopun Kanyum—Kneiina

B HacTosee BpeMs MPUHATO HA3bIBaTh 5-MEPHYI) TEOPHIO TPaBHTALIHMK
H 2MEKTpoMarHeTHiMa Teopred Kanysl—KneiiHa, oqHako rmoj 3tHM
HA3BAHHEM KPOKOTCA IBE COBEPLICHHO PALTUYHEIC TEOPHM, RPECICIYIOIINE
pasHble UenH. KaK yXe oTMevanocs, Teopus Kanyisl Hanenena Ka reo-
METPHAALIHIO ANeKTPOMATHUTHBIX B3aHMOCHCTBHI, TOMIA KAK 5-MepHas
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teopus O. Kieita, Tounee, teopus Kneiina—®oka—Pymepa npeaya-
3HaueHa JAS I'eOMEeTPHYECKOTO ONMcaHusa Mace. PaccMOTPUM OCHOBHEIE
MIEW BTOPOTO BapWaHTa 3-MEpPHOH TEOpUU.

l. Ha craHmapTHyo oGWy0 TEOPHIG OTHOCUTENBHOCTH MOXKHO B3TJIS-
HYTb KakK Ha ONTHKY B 5-MepHOM ITpOCTpaHCTBe-BpeMeHH. s atoro
KBaZpar 4-MePHOTO HHTEPBaja CeAyeT MPEACTAaBUTE B hopme

48’ = g dat dz” - g, de’ dz” —ds’ = Gup dz' dz® =0,
(6.2.15)
i€ B Ka4eCTBe MATOH KOOPIHHATHL, KOTOPYIO TENEPD OyIeM HYMEPOBATh
UHIeKCOM 4, BEIGPaH WHTEPBAN

s=z' = ds=dz". (6.2.16)

3Ty TOMOMHUTENBHYK KOOPIWHATY TAKXKE CICIYeT CUNTATh TPOCTPAHCTBEH-
HO-TIONOGHOM, T. €. AAHHOE MHOTQODpA3Me MMeeT CHrHaTypy (+— ——|—).

Il. Metpuke 5-onTuku (6.2.15) B H(MNYIBCHOM TIPOCTPAHCTBE COOTBET-
CTBYET BHipaXeHue

my = gup's’ = gup'?’ — (0" = Ganp'p® =0, (6.2.17)

II€ B Ka4ecTBe AOTIOMHHTERbHOM {[I4TOH) KOMIIOHEHTH WMILYJIbCA BEI-
CTYMAeT MAcca IOKOA Mg YacTHIbL

' pt=my, (6.2.18)

I, Ockap Kneitn u B. A. @ok B cBoux paboTax 1926 roma obparTuiau
BHUMaHME HA TO, YTO PEIATHRHCTCKOE nbobineHue ypapHenus HIpénun-
repa (ypaBaeHue Kneiina—@oka), MOXHO NpeACTaBUTL KaK ONTHYE-
CKOE YPaBHECHHEC, OMUCHIBAICIICE PACTIPOCTPAHEHKE CKATAPHBIX Ge3Mac-
COBbIX BONTH B 5-MEPHOM IPOCTPAHCTBE-BPEMEHH ¢ METPHKOI (6.2.15)

G2V, Vgd =0, (6.2.19)

€CJIM NOCTYJIHPOBAaTh, YTO S-MePHAA BOJHOPBAs (DYHKUMA ‘I)(zA) HIMKJIH-
YECKMM 00pPa3oM 3aBUCHT OT JONOAHWUTEILHON KOOPAMHATH! z

d(z*) = p(x*) exp {iBx’} = p(z*) exp {im£m4 } (6.2.20)
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3aech p(z") — yacTb BONHOBOM (QyHKUMK, 3aBUCALIAS JTHIL OT YEThIPEX
KJIacCHueCcKMX KoopaunaT. B camom nene, ecau B (6.2.19) noncrasuss
(6.2.20), To s dyHKuMH @{(T”) MOMYIAETCA XOPOLLO UIBECTHOE 4-Mep-

HOE ypaBHEHMeE
[D+ (m ) J o(z*) = (6.2.21)

IV. Ha ustoxennyio Boiie 5-MepHyio nepedopmynupopky OTO Mox-
HO CMOTPETH KAK Ha dopManbHbIH ipueM, ozuakoe O. Kaeiid, B. A. ®ok,
a moxke M 10. B. Pymep 6 YBHJICIH 34 3THM Hedto Gonbuiee. OHU He-
CIEIOBANH S-MEPHYIO TEOPIHIO ¢ Gosee OOUIAM BHIIOM METPHKH, HEXKCIH
B (6.2.15). O MaTeMaTHIECKOM COICPXAHMM TAKOIi TEOPHU MOXHO cKa-
3aTh MPAKTUYECKH BCE TO KE, YTO U O PACCMOTPEHHON BEIIIE 5-MCPHOH
reopun Kanyuw. B wacTHOCTH, m/ig ec NoCTpOeHHA CJAEAVET WCMOAB-
30BaTb MIIGKEHHBIH BbHIIE MOHAAHBIN MeTOd (1 -+ 4)-pacuieruicHus,
KOTAa 5-MEpHBIH METPHUECKHH TEeH30p NMpeACTaBAAETCA B BHIE

Gap = gap — €ap, (6.2.22)

rae £4 — 5-MEpHBIi BEKTOpP — MOHAa, 3aMeHSTIONIHH BEKTOP A4 B Teo-
‘pad Kamynpr. \

V. Kak u paHee, CNEIyeT MCMOMhIOBATh KAMMOGPOBKY, aHANOTHYHYIO
xpoHoMmeTpHueckoit B OTO, TO ecth BeKTOp & HAanpasWThL BIONB JH-
HHUIt KOOpAWHATH z* B Takoit TEOPHU COXPAHAIOT CWIY BCE MPCAbIdy-
e GopMyTH Teopny Kanylisl, TONIBKO Teneph BMECTO KOOPIHHATH 2

4 .
HYXHO THMCaTh KoopauHaty & . [To-npexHemMy BO3HHKAKT TPU (DH3U-
KO-TeOMETPHHECKHX TEH30D2, KOTOphIe ByIeM OTAM4aTb OT NPEXHHX
4 4 4

BEIPAXKEHMI MHIEKCOM «4» B [PABOM BEDXHEM yray: Fﬁ,,), 3! ), D( )

VL. [anee eCTeCTBEHHO HANOXHTL Ha 5-MEPHYIO METPHKY YCIOBME LM~
JMHAPMYHOCTH NO AONOJIHUTENLHOMR KOOPAHHATE H YCA0BHE (qq = — 1.
370, KaK ¥ paHee, 03HAYaeT, YT0 ABa H3 MOHAAHBIX (PHINKO-TEOMETPH-
YecKMX TEH30POB, ONPEICNCHHBIX Bhliite, 00pallaloTCa B HYAL:

o) =0, D=0

% Jror noaxof, k 3-mepuio HanGonee noaHo wanoxeH B kKuure KO, B. Pymepa «HMc-
crenosapua No S-onmukes (M. TUTTI, 1956).
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= o
OTAMYHEIM OT HYJST OKA3MEBAETCH TONBKO TEH30p F,(,,,), TPMHAMAIOLI M
YHCTO POTOPHBIL BHI OT §,.

VIl. B nanHom moaxone BosHMKaeT npobiema (usndeckoit MHTEPTIpe-

TAUMM AHTHCHMMETPHYHOIO TeH30pa ff,ﬁ) ITockonsky B 20-x rozax
XX Beka yxe Obl1 U3BECTeH BapHaHT S-mepHoif Teopur T. Kanyuwl, 1o
Q. Kneiin, B. A. ®ok 1 10, b. PyMep npeaoxuwim oToxXAeCTBUTL LaH-
HOE reOMETPHUECKOE [10JIe C MIEKTPOMATHUTHHIM FOAEM.

VIIl. Onnaxo B Takoii Teopuy cpasy xXe BOZHHKNA TPYAHOCTb H3-32 TOTO,
9TO, COTTIACHO MCXOMHOMY MOCTYIATY 3TOH TEOPHM, HETeOMETPHYCCKUIE
TIOJIsE UMKIIHYECKH 3aBUCETH OT HOTIONHUTENBHOW KOOPAHHATEL COTJIACHO
dopmyne (6.2.20), Tie B 3KCTIOHEHTY BXOMHT Macca YacTHIbL, A HE 3JEK-
TPHYECKHIA 3apsaA, Kak 3T0 nocTynupyercs B (6.2.10) B pamMrax 5-MepHoi
TeopHH Kaayusl. 3T0 APUBOIUT K MOABIEHHUIO B VIUIHHEHHBIX TIPOH3-
BOAHBIX (6.2.13) He 3MEXTPUYECKOTO 3apsuia, 4 Macchl 4acTHI. UToGsl
U36eXATh 3TY TPYIHOCTh, YKA3aHHbIC aBTOPHI MPE/UTOXWIM BBECTH 3/IEK-
TPHYECKHH 3apsl HETTOCPEACTBEHHO B KOMITOHEHTHI 5-MEpHOM METPHKH

2

€ 1 €
le =Gu + wApAm (6223)

= e

TOTIa YIMHEHHBIC NpousBoanbie (6.2.13) coBMANaOT ¢ yIIHHEHHBIMH
MPOU3BOAHKEIMH B CTAHAAPTHOH MMEKTPOAUHAMKWKE.

Ho ‘rakoit npuem O3Ha4ad OTXOR OT YHUBEPCANBHOCTH MPOCTpaH-
CTBAa-BpEMEHM, T. €. OTKa3 OT BAXKHOTO MPUHILIMITA, JAEXKAIUETO B OCHOBE
KaK oOLuei TeOpHH OTHOCHTENBHOCTH, TaK H 5-MepHO# TeopWH Kanviisl.
BMecTo VHHBEPCANBHOTO TIPOCTPAHCTBA-BPEMCHU BBOMWIIOCE KoHpuzy-
PAUUOKKOE NDOCHPGHCMEo, B KOTOPOM METPHYECKWH TEH30D 3aBHCUT
OT XapaxKT¢pPUCTHK paccMaTpHBacMoil YacTuunl. TIpy OfHOM copte 4a-
CTHUII 3TO AOMYCTHMO, HO B ODIeM CTydyae HET.

IX. Hcxons M3 ManoxeHHOro, paBubHee ObU10 OBl Ha3bIBATE TCOPHEIH
Kanyuwn—KneitHa He 5-MepHYy10, a 6-MepHYIO TEOpMIO, B KOTOPOI oaHa
JONIOMHHTETHHAS PA3MEPHOCT (3°) McnoAb3oBaNack 66l T OMHCaHMA
Macc TTIOKOS YacTHI (Ha3HaueHHe 5-MepHoi Teoprn O. Kiciina), a Bro-
past IOTNOAHMTENLHAN Pa3MEPHOCTh (:55) — npemHasHavyanace OB g
TEOMETPHIALNHN INEKTPOMATHHTHOTO BIAMMOASUHCTBMS (LIeNeBOi yoTa-
HOBKM Teopur Kamyiist).
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6.2.3. AHanM3 xpUTHYLCKHX 3aMeaHnil
no 5-mepHoi Teopuun Kanyuel

CneayeT KOHCTATHpPOBATE, YTO, HECMOTPA Ha CROM AOCTOMHCTBA, S-MEp-
Had TeopHA Kanyiibl He 3aBocBaia BCeOOIIEro MpMaHAHMA M HE CTala
paboyumM MHCTPYMEHTOM (PUIMKOB. DTO GhUIO OOVCIAORNCHO PSANOM 0O-
CTOATENLCTB PAaIHYHOrG Xapakrepa. HekoTopbie W3 HHX UMenn CyOb-
eKTHBHEIN (Mﬂummﬁ) XapaKTep, 4YacTbk OBCTOATENBLCTE ObLIA CBA3aHa
¢ HATM4YMEM aJIBTepHATHBHLIX BADHAHTOB MOCTPOEHHA TEOMETPHUECKOH
TEOPHH, HO, KAK CTAN0 ACHO [TO3XKE, TNABHBIE HELOCTATKHM S-MEpHbBIX
TEOPHI ObUIH O0YCIOBAEHE] TEM, 4TO OHM OKAa3aTHCE HEMOIHEBIMH, ype-
3aHHBIMHM YacTIMU TEOMETPHUYECKON Teopuu Oonbluell pazMepHOCTH.
IepeqrciiMM BBICKAIRIBABLUHECA MPETCHIWK K 5-MepHOH Teopru Kanmylibl.

|. Jonroe BpeMs e 6GbLI AceH QUIHYECKME CMBICT 5-H KOOpAMHATHI.
WN3apecTHO, CKORABKO TPYAHOCTEH NCHXOMOrMYECKOro Xapakrepa Oblilo
CBA3aHO C NIPU3HAHKUEM TEQDHH OTHOCHUTEALHOCTH, B XOTOPOH GhLT OCY-
HIECTBIECH Iepexon OT 3-MepHOro IpOCTpPaHCTEA K 4-MEpHOMY Mpo-
CTPaHCTBY-BpeMeHH. Ho TaM HOBas pa3MepHOCTh ObL1a PH3HIECKH HH-
TEPNPETHPYEMA KaK BpeMsl, @ B 5S-MEPMH HOBas Pa3MEPHOCTb BBOJUNACH
U3 «HeOBbITHSA», MHOIMe TeopeTHKH, HaunHag ¢ 3. Maxa, MeIChWIM Lo-
[TOAHUTENBHYIO DA3MEPHOCTh 0DAafalowelt TeMu Xe CBOHCTBAMM, 4TQ
M YeThIpe KJIACCMYECKME, M MbITAJHChE WX KaK-TO HHTEPIIPETHROBATS.

Tocnenylone uccaenoBaHUs TIOKA3ANH, YTO AOMNOJIHHTENRHAA pa3-
MEPHOCTh AOJUKHA §RITh KOMMaKTHOHUMPOBAHA, T. €. 3aMKHYTA ¢ OYEHDb
MaJIBbIM NEPHOAOM. (DUIHYECKUM CMBICIOM 00A0A€ET HE 5-A KOOPANHATa,
a 5-s1 KOMIMOHEHTA HMITYABCA, Yeped KOTOPYIO BBOIATCA IACKTPUYECKUE
3apsaIbl YacTUL.

. ComueHHs BRI3LIBAIO YOIOBME [IWIMHADHIHOCTH KOMIIOHEHT 5-Mep-
HOM MeTpuku no 5-ii koopaunare, Q0 3TOM HEOAHOKPATHO NKcal JiHH~
wtedin {cm. [15]), cumTas 310 yeaoBKE UCKYCCTBEHHRIM,

Kax cTano 3ateM ACHO, YCJIOBME LWAMHAPMYHOCTY MO 5-# Koop-
IMHATE O3HAYAET OTCYTCTBME Y PAcCMaTpPUBAEMBIX MOACH dNeKTpHYe-
ckoro 3apsna. QueBHIHO, YTO M TPaBUTALMOHHOE None (METPHKa g,y ),
M 3NEKTPOMATHHTHOE TONe (CMEWIAHHEE KOMITOHEHTH 5-MEPHOH MeT-
DHXH) SBISIOTCHA MEKTPHYECKH HelTpanbHbIMU. BonHosbie (yHKLMM
3aPAXKEHHBIX YACTHII 3aBHCAT OT 5-# KOOPOWHATHI, — TIATasy KOMIO-
HEHTZ MMTTYbCA YACTHL WMEET (DUIUUECKMA CMBICT 3NMEKTPUYECKOTO
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3apsLaa, a 5-1 KOMMOHEHTA CKOPOCTH XapakTepu3iyeT OTHOLIEHME ek~
TPHYECKOTO 3apsna K Macce,

L. B 1920-x ronax DiHIITEIH CHUTAT CYUIECTBEHHEIM HEAOCTATKOM TEO-
pyu Kanyisl HeoOXOAMMOCTD BONEBHIM 0DPA30M BBOIHTL B MPaBylo YacTh
ANEKTPOMATHUTHBIX YPABHEHUI MTIOTHOCTE NIEKTPHYECKOTO TOKA BHElll~
Hekt Matepnu [15]. OIHAKO TPeTEH3HHM K HAMYHIO NPaBoif 4acT y 5-Mep-
HBIX YpaBHEHUH B paBHON CTENEHUW QTHOCATCH M K er0 4-MepHBIM YpaB-
HeHWAM, 3T0 00liee CBOHCTBO reoMeTpHYECKUX TEOPHH paccmaTpwBae-
MOii napaguIrMel, Bripouem, SHHIITCAHA HE YIOBAETBOPSAA 5TOT PaxkT U B
4-MepHOit TEOpPUM: Be3le, TE 3TO HBUIO BO3MOXHO, OM M3berail Hamy-
caHMA TEH30PA 3HECPTHH- UMOYABCA B MPABOH YACTH CBOUX YPaBHEHMIA.

W. BimwTeitH Takke BHIPAXAN HEYAOBIETBOPEHHOCTh TEM (aKToOM, 4TO
He ymaeTcsa (pM3HYeCKH WCTONKOBAThH KOMNOHeHTY (ss. B psme pabor
MPeINaranock MHTEPIPETHPOBATh 3TY KOMITOHEHTY KaK MMOTeHIHAT He-
KOTO JONOTHRTEALHOTO TI0M5 TCOMETPHYSCKOrO TIPOKCXOXAEHNS. DTOT
BONpOC Hoee MoApOGHO PACCMOTPCH B CIICAYIOIIEM PA3aene 3TOM IMaBkL.
ViMeanch W MHbIE BApHAKTH HHTEpipeTandy. J1000i BapHaHT pertieHHs
3T0I0 BOMPOC2 HE MOXET CIIYXUTE MOBONOM MPOTHB S-MEpHO TEOpHH.

V. B paccMoTpeHHOM YIIPOHIEHHOM BapHaHTe 5-MepHoii Teopui Kamyis!
MCMOAb30BaHO yerosue (6.2.3) (mocTodseTsa 15-# KOMIOHEHTH! METPU-
yeckoro Tensopa G'ss), KOTOPOe MPUBOMHT K ITpobeme 15-ro (cKansiproro)
ypaBHeHua DiiHUTTeHHa (6.1.31), NPUHIMAIOLIETO B 1EKTPOBAKYyMe BHI

3
R+ ;?FaﬁF“ﬁ =0. (6.2.24)

Cornaciio 3TOMY YPAaBHEHMIO, HATIPUMED, B KYNOHOBCKOM NMONE HOMX-
Ha OBbITH OTAMYHOR OT Hy/IS CKAAApHas KPHBM3IHA, YTO IPOTHBODEYHT
4-MepHBIM ypaBHEHHAM DiHLITeHa (6.1.29). DTO IpOTHBOpPEYnE Tpen-
JIAraOch YCTPAHATD B PAMKaX Jarpatxesoi GopMynMpOBKH MHOIOMED-
HOIl TeopHH, B KOTOpOH HAKAAALIBAETCH PIAA YCJIOBHHA Ha KOMITOHEHTEL
MHOIOMEPHOI METPHKM, 3aTEM IIPOU3BOAMTCA PEAYKUMS (TIPOELMpOBa-
HME) TUMEPIAOTHOCTH JarpatKuaHa Ha 4-Mepue, ¥ TOJILKO NMOC/IE 3TOTO0
HCHONL3YeTC BAPMALMOHHBIA METON, IPUBOOMIUWKAN B ciydae S-MepMsd
JIMUEB K CHCTeMe U3 14 ypaBHEHU, he conepxaliuei (6.2.24).

VI. KoHcTaTHpoBanoCk, 4To B TEOpHM MONYYEHO NHINDL (GOpManmsHOE
CIHHCTBO O01EN TEOPUH OTHOCHTEABHOCTH M 3IEKTPOMarHeTHaMa Makc-
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BeJjuta. HeonHOKpaTHO OTMEHaloCh, YTO S-MepHasd TEOpHs He Janad Ka-
KHX-JTHO0 HOBBIX 9KCIIEPHMEHTANBHBIX NPEIcKasaHui. JIeNCTBUTEARHO,
B YIpPOLIEHHOM BapHaHTe TEOpHHM Kaiylbl noay4anoch JAWILB TO, YTO
OBLTO H3BECTHO M Oe3 5-MepHOo# Teopuy. OIHAKO HeAb3A 3a0bIBATh, YTO
IJIABHLIE TOCTOMHCTBA 5-MepHOM TEOPHU COCTOST, BO-NEPBLIX, B TOM,
YTO OHA NO3BOIAET JOCTHYL 3HAYMTENTBHOM 3KOHOMHM B MCXOAHBIX
MOCTYNATAX, IPHBOASLIMX K WICKTPOAMHAMUKE B MCKPHBICHHOM IIpO-
CTpaHCTRE-BpeMeHH. Bo-Bropwix, Teopus Kamyiel mossonwia cnenathb
cnemyroummit niar {nocne cosnanus OTO) B reoMeTpu3auny (hUIMKK, TEM
CaMEBIM OTKDHIB ITYTE JUTS MOCHEOYIONIHX IAToB [0 TEOMETPH3AIHMHA HHBIX
BUIOB MPUIHYCCKUX B3aMoneHcTuid. B-1peThnX, B BApHaHTe S-MepHOH
TEOPHH €O CKUIAPH3IMOM ECTb PSAJI HOBBIX TIPeACKa3aHUlt.

VII. Ipunatuio S-MepHoi (MHOToMepHO#) TEOPUK TAKKE NPENATCTRO-
BAJIH MCCREIOBAHHMA ANETCPHATUBHEIX BADHAHTOR CIHHBIX [COMETpHYe-
CKMX TEOpUH, ONMMpAIOLIMXCA HAa 0000LIEHHS PHMaHOBOW TeOMETPHU
B PaMKax 4-MepHOTO MPOCTPaHCTBa-BpeMeHH, Cpeayr HUX 0coboe MECTO
3anumMaia Teopua Beitns. Jonroe speMs DiHIITEHHY M OIpYrUM MCCie-
JOBaTensaM He ObUTO ACHO, KAKOH M3 5THX AyTed NMpeanodecTs. [laBHoe
TOCTOMHCTBO 4-MEPHS BHIENIOCH B OTCYTCTBUH MPOGNEeMBl ¢ OCMBICTE-
- HAEM CYTH AOTMONHUTEIBHOM PasMepHOCTH.

STa npodaeMa co BpeMeHeM OblNa pellicHa B moas3y Teopnn Kamy-
IBl, TIOCKONBKY Teopus Beilig cronkHynace ¢ psgoM TpyTHOCTEH, KO-
TOPBIE IIPUULIOCH YCTPANATE NMOCPEACTBOM BBEACHUA JOMOMHHTEABHBIX
mocTynares. TeM He MeHee B COBPEMEHHOU QM3HKe IMHPOKO MCHOMNb-
3y10Tcsl KoudopMHEe Npeobpasosanus (1.4.14), sBUBWIKECH BaXHBIM
3feMEHTOM TeopuH Beiind, '

VIll. Paspusaemsie ¢ 1930-X ronos Teopuu cnabblX M CHIbHBIX B3au-
MOAEHACTBHI MO3BONMIU TOBOPHTS O YETHIPEX BiAaX (GYHIAMEHTATbHbIX
B33aUMOIEHCTBUR. A TIOCKONBKY 5-MEpHAA TEOPUA CBA3IHIBANA TONBKO
B3 M3 HUX, 9T0 PACCMATPUBANIOCH KaK e CYLECTBEHHBLIA HENOCTATOK.
Tonexo B 198(-e romsl, KOTAAa CTRAO ACHO, YT C120ble 1 CUALHLIE B3aK-
MOJEHCTBHS TIEPCHOCATCH MPOMEXYTOYHBIMH BEKTOPHBIMA O030HaMH,
fbU1a OCO3HaHA NMPUMCHUMOCTD MHOTOMEpPHBIX TEOPHI U ONHCBHUS
HE TOABKO 3MIeKTPOMATHUTHOTO, HO H JAPYTUX B3aUMORCHKCTBHH NIPU €1Le
GonmbUIEM yBeJIH{{eHnH paiMepHoOCTH.

A reoMeTpH3aLMH INEKTPOCcNabbix BIaUMORSICTBHI OKa3anoCch
HNOCTATOYHO YBEMHUHTH PA3MEPHOCTD ITPOCTPAHCTBEHHO- BPEMEHHOTG MHO-
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roofpa3us 0O LWECTH, 4 A TEOMETPH3alKMU [IIO0OHOB — [I€PeHOCYM-
KOB CHJIbHBIX B3aUMOACHCTBAR — AOCTATOUHO MCNIONBL30BATH 8-MepHOE
NPOCTPAHCTBEHHO- BPEMEHHOE MHOroOOpa3He, B KOTOPOM TPU IOMNOI-
HUTEMNBHBIE PAIMEPHOCTH MMCIOT xapakrep Teopuu Kamyuw (¢ ux no-
MOLLBIO BBOISTCH TPM LBETOBRIX 3apAla XPOMOAMHAMHKHK) H OXHA pa3-
MEPHOCTb MMCET Ha3HAaYeHUE Teopuk KueitHa.

IX. Kpome ocHoOBHOl 3amayv MHOTOMepHON TCOPHH — OOBEAMHEHHS
PH3MCCKUX B3auMoneiicTeurit — B 8-MepHOI TEOpUHM pelIACTCs LebIi
KOMITIEKC OCTABIIHXCA TIpobAeM 5-MEpHOM TEOpHI, KOTOPEIE OKA3BIBA-
I0TCH TECHO CBA3AHHEIMM APYT ¢ ApyroM. Tak, B reopuy Kamyuw npu
ONKCAHHH 3APsKEHHBIX JIEMEHTAPHbIX YacTHll BO3HHMKAKIT 3HAYECHHA
MACC NOPANKA TUIAHKOBCKOH MAacCh. DTO CTABUT BONPOC O TEOMETpUYE-
CKHX cnocobax nepeHOPMHPOBKH IUIAHKOBCKMX MacC [0 DKCIIEPUMEH-
TAIbHO M3BECTHDIX 3HAYCHUI.

X. OmuMM U3 NPenaTCIBYIA HA [TYTH NPU3HAHMS 5-Mepus CTala KBaHTO-
Basg TCOpMsi, UHTEHCUBHO paspuBasiuasca B 20-x — 30-x rogax XX Beka.
Omylanack ecTCCTBEHHAS MOTPeOHOCTE MepeOpPOCHTh MOCTHK MEXIY
KBAHTOBOM TeopHeH M S5-MepreM, 0JHAKO 3TO TaK A HE yAANOCE COENATE.

KoHTponsHbie 3ananus

1. Yoenutbes, ato B ypasHenun KneitHa—@oka, 3anMHcaHHOM B paMKax
5-mepHO# Teoprn Kanyuwi, Bosnukaer Maccopoe cnaraemoe (IUlaH-
KOBCKa# Macca), oGyCTOBIeHHOE MEKTPHYECKHM JAPSAOM YacTHIIH.
TMoxka3aTh KaK ee MOXHO NepeHOPMHPOBATE 10 HAOMOHNASMBIX IHA-
YeHu il Yepe3 BOJNCBEIM 00pa3oM BBOLHMYIO 3aTPABOIHYIO Maccy.

2. B ceazu ¢ TeM, MTO A8 COBMELICHMA 3ana4 S-MepHo# Teopun Kany-
ubl 1 S-mepHoit Teopuu KneiiHa— ®oxka—PyMepa HeoGxoanMo ne-
peiiTH K 6~-MepHOI TeOMeTPHYIESCKOH TCOpHH, YKa3aTh, KAKWE KaluG-
pOBKH EuagHoro Mertoma {merona {1+ 1-+4}-paclleriieHus) mpu-
TOAHBI IJIA 3TOH LETTH.

3. Tlo o6pasy ¥ nonobuio niagkoro Metona B 4-MepHoil OTO {cM. § 5.4)
pa3BUTE ANredpy IMATHOTO METOAA B KANMDPOBKE TUITA «IBAXILL XPO-
HOMETPHUECKOH». JanmucaTs TPYNNbl BLLICACHHBIX TIPcobpaloBaHuil
B JIAHHOI KanHOpoBKe.

4, TTokazaTb, 4TO H3 11 BOZMOXHBIX THATHBIX (HPHIHKO-TEOMETPHUECKAX
TCH30POB B 06-MEPHM TIPH YCIOBMM IHAMHAPDHYHOCTH KOMITOHEHT
6-MepHOH METPHKW MO JONOTHHTEABHEIM KOOPIHHATAM OTITHYHBIMK
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OT HyJa GynyT 5 TeH30poRB. [IpHM YCI0BMM MOCTOSHCTBA KOMIOHEHT
METPUKH G4y, G55 U Gys OTAMMHBIMH OT HYJIS OCTAHYTCH TONLKO fBA
TeH3opa. Kakue?

§ 6.3. Teopua Kanyubl co ckanapusMom

Kak yxe orMedancch, B S0AbIUIMHCTRE Pal0T N0 S-MEPHIO UCIIONb-
avercs noctynar Gss = —1 ¥ HekutioyaeTes 15-¢ (canmpHoe) ypaBHEHHE
JiirinTeitHa. OAHAKC TPEICTABNSET UHTEPEC PACCMOTPEHHUE FIOAHOM
CHCTEMbE M3 15 ypasHenit (6.1.29)-(6.1.3]). OTMETHM, YTO B OCHOBO-
nostaratoiueii paGore Kanyusl yenosue (6.2.3) He HAKIATBIBATIOCH.

6.3.1. Cransipuam B 5-mepHoOil Teapuu

|. Beenem cnenmanibHoe 0BO3HAYEHHE TS CKAASPHOTO NOIS TEOMET-
PHYECKOTO TIPONCXOXKICHHS

= _GS,LI
IIpy HanWyuy CXa/IIPHOrC NOJA HeOGXOAMMO NepeonpeneJuTh 3alTH-

caHHbie Bhile Gopmyabl (6.2.5)—(6.2.6), uHTEpNpPETHPYIOILME TEOMET-
pPMYSCKHE BETUYMHBL Yepe3 QusnUecKie

Gss=—¢" = A=-¢ N=¢; A, (6.3.1)

WG ¢ ~  VG¢ dA q
A, =—A; F,=—F, —=—T1—7—: (63
¥ ez M o ¢ Fiwr ds 2myVG ¢ (6.32)
Gs,.Gs 4G ¢?
G = G + T" =G + ——Audy. (6.3.3)

Il. Kpome Toro, Temeph TOABMTCS HAMPSXCHHOCTb CKAIAPHOTO IO,
onucpiBaeMas QUIMKO-rEOMETPHYECKUM BEKTOPOM

1 8¢

) 7 ¢ Bz,
B 1asHOM BapuaHTe 5-MepHOi Teopuu Kanyuwt Beraer npotnema dhusn-
YeCKOH UHTEpnpeTauMi cKaaspHore mond ¢. B pabotax 6ONBLLIMHCTBA
aBTOPOB OHA PacCMaTPMBAETCA Kak MOTEHUUA 10K HE OOHAPYXKEHHOIo
CKANAPHOTO MONA TEOMETPHYECKOTO TIPOHCXOXICHUA. TeOpHIO ¢ TaKUM
mojieM NMPEAAaraeTcs HazBaTk S-MEPHEM CO cKaagpuimMoM TIO aHANOMHH ¢
TEPMHHOM «FICKTpOMarsHeTsaM», Huoke OyaeT paccMOTpEH pal BO3MOX-
HbIX 3¢ dexToB, 00yCNOBIEHHEIX TEOMETDHUECKHM CKATAPHBIM MOJIEM.

(6.3.4)
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1. Yuer reoMeTPMYECKOr0 CKanspHOro MOJA Cpasy Xe BbI3bIBACT cie-
AVIOLUYI0 MPUHUKMIHATBHYI0 npoGieMy. Kak npasuio, B TEOpMAX, rie
HCITOMB3YIOTCS METOITHL PACLIETDICHHH (B YACTHOCTH, MOHAIHBIN MeTOI)
(PMINIECKMM CMBICTIOM HAZEISHOTCS BENMMYMHBI, WHBAPHAHTHEIE NPU HO-
OYCTHMBIX TIPe06Pa30OBaHHAX J0NONHUTENBHBIX KoopanHarT (6.1.9) i xo-
BAPMAHTHBIC OTHOCUTENBHO 4-MepHHIX Tipectpasosannit (6.1.10). Tlpn
MCHOMB30BAHUA YCAOBHS LUIMHIPHYHOCTH METPHKH TMO Z°, KAK yXKe
YKA3BIBANOCH, HEODXOAHMMO CY3NTh BhIACICHHBIH Kiace mpeobpasosanvid
5-it koopavHatei (6.1.9) 1o (6.2.2). OKa3eIBagTCs, 3TC CYXKEHHE Kirac-
ca npecBpazoBaHMii BHIZLIBAET PACIUMPEHNE MHOXECTEA HHBAPHAHTHBIX
NIPH TAKHX MpeoOpa3oBaHusaX BeauuuH. HaszoBeM BeIMYMHEL, HHBADH-
aHTHBIC TIPH peobpa3oBaHuAX (6.2.2) U KOBaPHAHTHbBIE OTHOCHTETBHO
(6.1.10) creyuaabno Kaaubposouno uneapuarmubimy. B 4acTHOCTH, TaKo-
BbLIMH CTAHOBHTCA KOMMNOHeHTa (ss, a CIAeAOBAIENbHO, M ITOTEHUHA
CKAIPHOrO nons As = —¢. EcaM Teneph cuHTaTh PUIMYECKH 3HAYM-
MBIMH CMELHAILHO KATUOPOBOYHO MHBAPUAHTHBIE BEMHYMHbL, TO TAKO-
BblX CTAHOBHTCS MHoro. Tak, MU HBJISIOTCA BCE BEJIMYMHEI, MOJIYYae-
MBI U3 KAUTUOPOBOYHO HHBAaPHAHTHBIX YMHOXEHHEM Ha TIPOU3BOIBHYIO
dyHxunio F(As). B cBA3M ¢ 3THM BO3HMKAET BOMPAC: KaKHe KOHCTPYK-
LHH U3 TEOMETPHUUECKHX XaPAKTEPUCTUK MOJIKHEI BBITh COTIOCTARNEHEI
€ (PU3IMYECKUMHN BETMINHAMM, TAABHEIM 06pPa30M, C METPHYECKUM TEH-
30POM gy M € TEH30POM 37IEKTPOMATHUTHOTO TosA F,, 7

N 2
IV, Bri6epem cnysait F(As) = AJ, Tak 4To UMeeT MecTo KOHGDOPMHOE
NpeodpazoBaHMe B S-MepUH

G 45 = AiG s, (6.3.5)
me G ap — ucxonnad, a G — <HaBmonaeMas» MeTpHKa, TOIMA
5-MEpHbIe ypaphenus DitnwTeitna (6.1.29)—(6.1.31) npuanMaloT sun

4 1 4 2G l
Byus = 59 R= - = (F,,,,F,f‘f o g,,,,FaﬁF“ﬁ) +

3 6
+ n (VaVohs = g™ VaVghs) ~ F,\5,,,,\5,,,+aeT,,,,; (6.3.6)
5

_ v I,A 6233
V, F'* 3w _A‘jj_” = ﬁ,\gc)ﬂ;,)‘ﬁ’; (6.3.7)
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9PV Vshs— ! (4R+ EJ.rraglr"") As=—=MQpAAP.  (6.38)
6 2 ‘ 3

V. JlaHHEIA BApHAHT 5-MEpHA CO CKATAPHIMOM 00afaeT CAeAYIOIIHMH

IOCTOMHCTBAMM;

¢ B 3TOM BapHante nociie KoHhopMHOTo npecdpasopaHud Gss = —1,
Kak B TeopuM Kamyusl, Beck BKAaA OT 370 KOMTNOHEHTHI coaep-
XHTCSL B CKAJIADHOM NOJIE As.

e CkamspHoe ypasHexue {6.3.8) B Bakyyme npu F,, = 0 npeacras-
qsieT coboil crangapTHoe ypapHenue KneitHa—®Poka n1a Geamac-
COBOIQ CKULAPHOTO NONA As.

e [IpumedateneH MHOXUTENb —1/6 mepea CKATAPHOR KpWBH3HOM
B (6.3.8), OOKYHO BBOAWMEI B CTAHAAPTHOW TEOPHH U3 COO0B-
paxXeHUH KOHGOPMHOH WHBAPHAHTHOCTH 4-MEPHOTO YpaBHEHHS
©e3MaccoBoro Imos,

e MHOXMUTEAb epen TCH30POM PHEPIHK-HMITYAbCA IEKTPOMATHUT-
HOro noiii cnpaea B (6.3.6) He conepxur As, To ecte G amnnercs
WCTHHHOH rpaBUTAUMOHHON MOCTOSHHOIMA,

6:3.2. Chepuuecky-CUMMETPUMHOE peLleHne ¢O CKANAPU3MOM

I. HesaBucumo OT U3MHECKOH MHTEPIIPETALIMHE KOMIIOHEHTH (55 pac-
CMOTPMM IIMAMHIPHYECKME IO 5- KoopAMHATEe cTaTHueckHe cdepH-
YECKM CMMMETPHYHBIC DEINEHUS S-MEepHbiX YPaBHEHMH DHHIITEHHA.
ITpocreitiniee 13 HUX nomy4yaeTcd M3 4-MepHOH MeTpHKH IIIBapuuiib-
Aa gobasneHueM KOMIIOHEHT Gss = —1, Gs, = 00

.

-
dr’ = (1 - :.—-") de" — (1 - :'—g) dr? — r2(d6? + sin® 8 dy?) — dz*’.
‘ (6.3.9)

Il. Bonee obuuee chepuyecku CUMMETPHYHOE pelieHu e, Hexenu (6.3.9), —
CO CKAIAPHBIM NoJeM — 6pUIC HAKACHO B BUae:

~ \2B ~ \ A-1B ~ \—4-3B
w2 l0-) e () e
r r T

- 1-4-31B
_ (1 - :—9) (d6? +sin’ 8 dpz)] - da:sz}, (6.3.10)
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tie Ty, A n B — koucTanTsl. [locneaHue nse CBA3aHbI COOTHOLIEHUEM
AP+ 3B =1, (6.3.11)
Slcro, uro (6.3.10) nepexomut B MeTprKy (6.3.9) npu B =0, 4 = 1.

M. Jas ynoBersa conocrasnenns ¢ MeTpukoi [IIBapummibia xena-
TENbHO 3aIWCATh 4-MEPHYIO 4acTh METPHKY, TIOMYYEHHYIO TIPOLEAYPOH
(4 + 1)-pacuernerus 13 (6.3.10), B KOOPAMHATAX KPHBH3H, TO €CTh KOTNA

2
g =-r.

OaHAKO 3TO MOXHO CAENATE JTHIOb B HEABHOM BUIE, TIOTOMY 3aTTHIIEM
4-MeTpuKy B KOOpAHHATaX KPHBH3H TIpHONMxeHHo. IlepeoBoizHatinM

KOHCTaHTHI
~ 2B ~ VETATL
@=F -+ Tg=rgvart+a+l;
a+2 a
A= —— B:——~ = 6.3.12
Val+a+1 WE+a+1 ( )
M npeobpasyeM r corfiacHo dopmyne
5 7 |-A-31B
r =r2(1—?9) . (6.3.13)

OuepngHo, 210 nMpeo0pa3oBaHUe BXOIWUT B KJTacC AO3BONCHHEBIX TPeoh-
PAa30BaAHVH.

IV. MpeacTaBuM KOMIOHEHTBl METPUKH B BUAC pAda IO rg/r. ITocne
HECJIOXKHbIX BHIYHCISHMA HAXOOHUM

ds® ~ [1 ~ (- E)ff—]dxoz - [1 F(l+ 2&)%}&2 -

— r*(d6* + sin 9 d?); (6.3.14)
rg  B@E+L) ry\
2 — 42 ~" g g
=¢p-~l-a~—-—|-=1]. 6.3.15
As=¢ a 5 ( " ) ( )

B mioBoil MHTEPNPETALIMK CKAMSIPU3MA As ONMCHIBAET pachperne-
JIEHHOE BOKPYT HCTOWHHMKA Ge3MaccoBOe cKanapHOe none. [IpH aToM
KOHCTanTa @& (TouHee, GT,) XapakTepu3yeT CKATADHBIN 3apsAx HCTOY-
HHK4,
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6.3.3. BoamoxHbie addextni cranspruama

l. TIpu ofcyxaeHHM BOIMOXHBIX 3PPEKTOB B S-MEPHOM TEOPUH ¢ Te-
PEMEHHOM KOMIIOHEHTOH (555, Mpexe BCero o0pamanoch BHHMaHHE
Ha monpaBkH K xraccHyeckiM 3ddextaM OTO. Ory Haxo#saTCA W3 ypas-
HEHUI reoNe3neCKuX JIMHMA B S-MepHO#M MeTpHKe (6.3.10) (W B mpu-
OnikeHHOM MeTpHke (6.3.14) co ckansipHbIM noneM (6.3.16)). Borunc-
JICHHSA, ZHANOTUYHEIE TIPOICNARHEM B MeTpHKe [lIBapuumeaa, aawT
Ans cMellleHus nepurends (Mepkypus) M OTKIOHEHMs Jydeil cBera,
npoxoaduiux 63 ColHua, 3HAYeHAS:

b = (14 2&)6py, 08 = (1 _ %) 8%, (6.3.16)

rae dig — YrIOBOE CMEINCHHE nepurenus a 08y — YTOm OTKIOHEHUS
ceera B OTO,

Crasuicsa sonpoc ob 06rapyXeHHH 3THX NONPABOK HIH, MO Kpai-
Heit Mepe, 06 olicHKax HEU3BECTHOM KoHcTaHTH & . M3 dopmyn (6.3.16)
CNEYET, YTO MPH LOCTATOYHO MaTbIX 3HAYEHHAX TapaMeTpa & Pazindng
MEKEY KnaccryecKuMH adpexramMu 8 OTO v B 5-MepHOH TEOPHH MOTYT
OBITb HEOLLYTUMbIMH.

II. 3uauntenso Gonee OLYTHMBIE 3MMEKTEI CKANAPHIMA MOXHO OXH-
IaTh, HCIOJB3YS 5-¢ ypaBHeHUE reofe3udecKon (6.1.22) npu ycnosuu
HMWIMHAPHYHOCTH METPUKM 1o 5-if koopauHare (koraa Dy, = 0). 3o
YPaBHEHHE MOXHO IPEACTABMTL B BHIE

d | (dr/ds)’
ds " |1- (dhds)?

.od o
= -2 Inks, (6.3.17)

e TOKa He UCTOAL3OBAH KOHKPeTHbIH Bug As. Muterpupys 3o ypas-
HeHue B o0lOEM clyyae HaXOAWM

dr\ 2 A
(__) = q = ) 20 250 (6.3.18)

The W3 — IOCTOSHHAs MHTErpHpoBarus. TAKHM 06DaIoM, ommoue-
Hue NEeKMPUHEcKoeo 3apada § K Macce . Hacmuysl 8 S-meproil meopuu
CO CKAAAPUIMOM CIMAHOGUMCA NEPeMeRHO 6eauunoil u onpedeasemcs cka-
AAPHOIM ROAEM As.
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{Il. Doncrarmsisi B (6.3.18) npubnmkenHoe pewenne ana As 13 (6.3.15),

AOAYYaEM
dry’ &
(E) ~ WP [1 + -"-E’ri‘-] (6.3.19)

rae nomoxeHo Wy = ¢o/my.

IV. U3 (6.3.15) cneayer, uto OTHOLIEHME §/m, M3MEPEHHOE HA 3eM-
e, AOMKHO M3MEHATBCA C BHICOTOI W3-33 BAMAHMA CKANAPHOTIO 3apsia
3emay. Kpome Toro, 310 OTHOIIEHHME AOKHO 33BUCETh OT PACcCTOH-
Hus Jemau ot ConHua (M3-3a BAMAHKS ckangpHoro 3apsaa Coatna).
YuuThiBas, 410 OpOuTa 3eman — WIUANC {MAKCUMANLHOE PACCTOAHME
B HAYate M10)1s ~ 152 MIH XM M MHHHMANBHOE PACCTOMHKE B HAYaNe sSH-
BapA ~ 147 MJIH KM}, B TEOPUM CO CKAJSIPUIMOM CNEN0BAIO bl OXKMAATH
CE30HHBIE UIMEHEHMSE OTHOWEHWS ¢/ A8 M3MepeHuil, IIPOBEUCHHBIX
ua 3emue. [Ipy atoM HauGoJiee BEIFORHO MPOMIBOIMTD H3MEPEHMUS UIH
YaCcTHIL ¢ MAKCHMAIbHO BO3MOXKHbLIM 3Ha4yenueM ¢/m, T.e. LI DAek-
TPOHOB (g/m ~, 10]8). Wz (6.3.18) Buano, yto 3HayeHyus BapuaLuii
3aBUCAT OT OTHOUIEHHSst Ty/T, 2 TAKXKE OT 3HAYEHMSA IapaMeTpa @, KO-
TOPBIH A0MKEH OHITh ONpeIeneH SKCepUMeHTanbRo. (Bbonee noapobuo
06CYXAeHIE 0BYCOBIEHHBIX 3THM 3ddexTos cM B [5].)

KoHTpansHbie 3apaHus

1. 3anucaTh yIpomeHHYIO chepruyecky CHMMETPHYHYIO S-MEPHYIO MET-
 pHKY (6.3.9) B HOBLIX KOOPIHMHATAX, NMONYYEHHBIX B PE3yNbTaTe JIH-
HEAHEIX MpeobpaszoBaHmii:

15 5 10 15, ] LR
¥ = apz® + a2’ * =agz’ +asz; @ =z

o o Qg Qg
0 T80 85 gt = TX0 4 TR (6.3.20)

A A A A
e & = apass — tgslsp.

2. Hanoxus Ha ko3ddULUMEHTH NHHEHHbIX Npeobpasosanuit (6.3.20)
ecTecTBeHHbIe yotoBua: A = &1, a§5 - aés = ~1, 3amHcaTs MOHAM-
HBie BUIKKO-TEOMETPHUECKUE TEH30PS (B S-Mephu).

3, TMoka3ath, 4To muneiHEe npeofpazosarud (6.3.20) ApuBORAT K BO3-
HHUKHOBEHMIO B UEHTPaNLHOM HCTOMHKKE 3eKTPHYECKOTO 3apana

_.__(r'cz)a a (6.3.21)
g= G 0555, -




JaKknoyeHune .

B sauiioueHMe cOefagM psi BHIBOLOB.

+ DiiHurteitHoBCcKas o0LUaA TeopHA OTHOCHTENBHOCTH OAHOBpE-
MEHHO ABIACTCA KNACCHYECKOM Teopuell rpaBuTaUMOHHBIX BIAUMOACH-
ctBrit. B HacTogmee BpeMa TepMHEE OTO W TeopHA TpaBHTaUHM BOC-
NPHHUMAIOTCA KaK CHHOHMMWUHBIC, OAHAKO OOMIAs TeopHsl OTHOCH-
TENBHOCTH MMeeT 6olee IybOKoe colepXaHHe, OTPAXAsi COBPEMCHHbBIE
HpeacTapaeHun ¢ GU3MYecKOM NMpPOCTPaHCTRE-BPEMEHH,

¢ Ilna onucanma HabmonaeMbix Beuuin B pamkax OTO Heobxonm-
MO BBEICHUE B MCKPHUBICHHOE MPOCTPAHCTRO-BPEeMSA AOMONHUTENbHOI
CTPYKTYPHI B BAAC BPEMEHHU-NONOGHON KOHFPYIHUMY MUDOBBIX TWHHI
CHCTEMB! OTCUETa, TaK KaK TOABKO NMpH 3TOM YCAOBHM ofLIas Teopus
OTHOCHTENBHOCTH MPHOBPeTaeT CMBIC, 3aKMIOYEHHBIH B €€ HA3BAHHUH.

¢ KoopawHaTHBIE CHCTEMBI M CHCTEMBI OTCYETA TIPENCTARIAIOT NPHH-
UMITHAIBHO PATIMYHBIE M HE CBOOMMbIC OPYT K Apyry noHatuid. Koop-
JMHATHLIE CHCTEMBl O3HAYAIOT JMUIL HYMEPALMIO TOYEK NPOCTPAHCTRa-
BpeMeHH, KOTOpas MOXeT BeIOHpaThcs B LIMPOKMX npeaenax. KoHrpy-
IHUMHA TUHUA CHUCTEMbl OTCYSTA HE 3aBUCHT OT BhiDopa HYMEpaluu 10-
Y€K, ONHAKO CPeAH MHOXECTBA KOOPAHMHATHBIX CHCTEM MOXHO BbIOpaTh
HauGonee yIoOHBIE, TaK WIM UHAYE IPHBA3IAHHBIC K HCII0Ib3YEeMO KOH-
IPYIHIMH, YTO OCYILECTBIAETCH CIICUMAIBHDIM COMALCHHEM.

e B OTO nabmioaaeMbIMH BETWYHHAMKH MOTYT GHITH JMIUB CKa-
JIAPEL, T. €. TEH30PHAIE BbIPAXCHMH, CIIPOCLIMPOBAHHEBIE HA (PH3HYECKH
BBIIEJIEHHBIE HAMPABNeHHs (Ha MOHaay CHCTEMBI OTcYeTa WIH (u3u-
YECKH 3aJaHHBIC KOMITQHEHTH Tc'rpanbr). BCG YTBEPXIACHHA 0 AKOO0H
«HepocTatkax» OTO B CBA3M C HEOAHOIHAYHOCTEIO B Hel BoGOpa Ko-
ODJAUHATHEIX CHCTEM RPEACTABAANTC OECTIOuBECHHBIMMH.

e O01as Teopuss OTHOCHMTENBHOCTH — NEPBbL M NPUHLANHAND-
HO BaXHLIA 3Tal Pa3sBuTHsI reOMETPUYECKOr0 MUDONOHUMAHHA, MO3-
BOJITIOLETO TPEICTABUTD BCIO (PU3MKY B TepMMHAX reoMetpun. B OTO
TEOMETPH30BaHO JHIUL KIACCHYECKOe IPaBHTAlMOHHOE MONE, HO yXe
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HA 3TOM 3Talle YJAROCh PEATH30BaTh IJIaBHEIE NpenapuaeHns B. Kaud-
¢opaa 0 Tpex BOIMOXHBIX TPOABACHUAX UCKPHBICHHOCTH IPOCTPaH-
crBa. McKkpuRIeHHOCTE BONIM3M MACCHBHLIX TEN OIIMCHIBAETCA METPHKA~
M [lpapunmnpia, Keppa 1 HekoTopsix Ux obobiiennii. Inobansroe
M3MEHEHHE BO BPEMEHH HCKPDHBISHHOCTH NMPOCTPAHCTBA OIMHCHIBACTCH
merpukamy Gpunmana, HakoHell, pads HCKPHBIIEHHOCTH HA TIOYTH TUTOC-
KOM MpPOCTPaHCTBE ONMHCHIBACTCA TPABHTAIIMOHHHIMH BONHAMM,

e Crnemyiourdie 3tanbi, COCTOAIME B TeOMETPH3ALWM SNEKTPOMAT-
HHMTHOFO M JPYTMX (U3IMYECKMX BIAWMONCHCTBMIA, OCYLLECTBRAKOTCA
HA OCHOBE YBEJMUEHHS PAMEPHOCTH (HU3MYECKOTO (MCKPHRICHHOIO)
MPOCTPAHCTBA-BpeMEHM. B paMKax nATMMEpHs TeOMETPH3VETCH MEK-
TPOMATHHTHOE B3aUMOICHCTBUE, a B TEOpHAX DONEe BRICOKOH pasMep-
HOCTH MOXHO OITMCAaTh Clalhble U CWIbHEE B3aumoaeicTeuA. ITockonb-
KY 3TH B3aMMOIEHRCTBIAA NPOABAAIOTCE B MHKPOMHpE, 3TOT MaTepHal
HE¢ BKIIOYEH B JAHHYI0 KHUIY, NOCBALCHHUYIO AMIb KIACCHYECKON TEO-
PHH TPABHTALIHH.

s Crenyer oOpaTHTh BHHMaHHe Ha QYHIAMEHTATLHBIE TIDOOIEMB
COBpeMeHHOH Teopuu rpaButanmi. Cpefw HAX BBIETUM CIEOYHIINE
TpK. Bo-niepBbix, 370 poGreMa COBMEIIEHMA NPHHIMNOBR obueit Teo-
pPUH OTHOCHUTEJTBHOCTH W KBAHTOBOH TeOpHH. B 3T0il obmacTu Hecaeno-
BaHHil TaKKe Haxomied Gonburoi of6veM nuei v Heyaad, Mx pacemor-
pEHHE He BXOIMJO B 3aJa4H JAaHHON KHWUIH.

Bo-BTopbiX, CneayeT HaspaTh MpobieMy OOBEAMHEHHS TPABMTA-
IHH ¢ APYTHMY BimaMy PMIHIECKUX B32MMOACHCTBMIL: SMEKTpOCNabhiM
M CHABHEIM. 3Aech GbLI0 KPaTKO PACCMOTPEHO NHILUE 00BeAHHEHHE Tpa-
BHTALHH ¢ KIACCHYECKHM HTEKTPOMATHMTHLIM B3aUMOAcHCTBUEM.

B xayectse TperneH iyHIaMeHTANLHONH npo6reMbl cCAENYET Ha-
3BaTh OOOCHOBAHHE COBOKYTIHOCTH COBPEMEHHBIX acTPOPHIMIESCKUX DaH-
HBIX, B HacTOSIE BpeMs pellagMoc HOCPERCTBOM TUIOTE3 ¢ TeMHOIk
JHEPTMH W TEMHOM MarepHu, (pM3MYecKas MPUPONA KOTOPBIX HE SICHA,

¢ HanuuMe Ha3BaHHBIX [IpoOAEM, NEPBRIE NBE K3 KOTOPHIX HACTOM-
YYEO MBITAJIMCh PELIMTL HA NPOTSKeHWH Bcero XX BeKa, CBMOETENb-
CTBYIOT O HeobxoauMocTH nouvcka Gonee ryboKUX NPUHLMIOR, JEXa-
HIHX B OCHOBE M3U4eCcKOro MUpPO3taHya. BUIMMO, TONBKO Ha OCHOBE
TEOPHH B paMKaX HOBO#H MapaiMrMbl YAAcTCH NPUCTYIIHTL K KOHCTPYK-
THBHOMY PCLUCHHIO HAIBAHHBIX H DSNA OPYrHX TIpobieM.
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CreayeT IOAYEPKHYThL, YTO FIEPEXOA K HOBOM IIApanurMe MOXET
OBIThE OCYIIECTBAEH TOJBKO IIPH YYETE KIAKYEBRIX NPUHLLAIIOR YXe Cy-
IIECTBYIOLIHX TEQOPHIL, B TOM 4YMcIe ¥ uach obluei TeOpKU OTHOCHTEML-
HOCTA W MHOTOMEpDHBIX TeOMETpHYECKMX MoaeneH uiMyeckux Bla-
HMoneicTBrit TMna Teopuit Kanyun: v Kneilna. B uckomoit Teopuu
HEHIBEXHO JOJKEH BRITIONHSITRCH NPHHLMI COOTBETCTBMS C CYLUECTBY-
IIUMMH HHHE TEOpHAMM. BCe 3TO CBUACTENRCTBYET O HEOOXOAMMOCTH
RAafeHHs (HUIMKaMKU-TEOPETUKAMH HOBOIO ICKONCHUS MACSAMM M Me-
TOIAMH HATOXKEHHOH 30eCh KIACCHYECKOH TCOPHH TPABHTALIHM.

B 3akmwueHe CHEAYET €OIe pa3 MOMUepKHYTh, YTO MaTepHan JaH-
HOM KHMTH (Kypca IEKLMit) IpeacTaBnser coGoi THLIb BBEACHNE B KITAG-
CHYECKYIO TEODHIO TPAaBUTAIIMH, HA OCHOBE KOTODOTO MOXHO TIPHCTY-
MMHTE K YIAYOReHHOMY H 60Jee IeTanbHOMY PACCMOTPEHHIO 3a0a4 obHIei
TCOPUH OTHOCHTSABHOCTH, ORHAKQ TNaBHad 3a4aYa MPEIUTOXKEHHOTO
Kypca JeK1Mi COCTOUT B NMOATOTOBKE (hM3KKOB-TEOPETHKOB K PelCHHIO
YIIOMSHYTBIX 306Ch IMO0ANBHBIX NPOGAEM COBDEMEHHON TeoPETHYECKON
drauxm.
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Mpunoxenne

Bunerul no xypcy «Knaccuueckan teopus
rpaeuTauMm» Ans 3K3amMeHa/3auverta

MepBuiit cemecTp
buner Ne 1

Hcropus ¢ mateiM moctynatoM Eswiuma. TlepBada HeeBKIHOOBa
reoMmeTpus JIobayeBckoro. OCHOBHEBIE ITAMEI CO3AAHUS OBIIEH TeO0-
PHH OTHOCHTEILHOCTH,

OobuiepenaTusucTcKue 3bdekTsl B MeTpHKe Keppa.

Biner Ne 2

Tensopsl (onpeneneHne, 3aKOHH MpeoGpa3oBaHuil KO- H KOHTpaBa-
pPHMaHTHBIX TeH30poB). TeH3opHas anreOpa. CTporas TeopeMa Jact-
HOTO.

Merprka Keppa (Bua MeTpUKH, HH3MYECKHH CMBICT KOHCTAHT,
TOPH3OHT, sprocdepa).

Buner Ne 3

MeTtpideckuil TeH30p (KO-, KOHTpaBAPHAHTHHIE M CMEIUAHHEIE
KOMIIOHEHTHI METPHYECKOTO TeH3opa). CurHarypa.

OIHOPOXHBIE H30TPOIHBIE KOCMONIOTHYECKHE MOAETH {TIOCTAHOBKA
3ajiauu).

Euner Ne 4

YpaBHEHHS TeoNe3HYecKnX NHHHH, MX T€OMETPUYECKMA U du3u-
JECKHUH CMBICH.

OnHOPONHBE HIOTPONHLIE NPOCTPAHCTBCHHBIE CeYeHus (nepexon
K 3-MepHOif METPUKE; TPH BHIA TIPOCTPAHCTB).
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Hounoxenne

1)
2)

1
2)

1)
2)

1)

2)

1)

2)

1)
2)

1)

2)

Suner Ne§
[MousiTre NapaLnesbHoro nepeHoca (KoadULKREHTH CBA3HOCTH).
[IpocTpaHCTBa MOCTOSHHON MOMOXUTEIEHOH KPUBHIKKL.

buner Ne6
Cumsonsl Kpucrodbdena u ux TpaHcdopMaloHHEIe CBOACTBA.

3aKpHITasg OIHOPOLHAS M30TPONHAA KOCMOAOTHYeCKast Moneab Ppui-
MaHa (XOn ee IOMydeHHS, XapAKTeP SBOTIOLHH).

Buner Ne 7
KoBapuaHTHbIE MPOU3BOAHBIE TEH30POB U MX OCHOBHKE CBOIICTBA.

3aKpHITas OOHOPOIHAA U3OTPOITHAs KOCMOorHYecKas Monenb Opua-
MaHa (X0 €€ MOJy4eHHs, XapaKTep 3BOIOLHH).

Buner Ne 8
Texzop kpyveHus. AudpepeHUHATbHBIE reoMeTpuH CxoyTeHa H HX
HCIIONBL30BAHUE B (PUIHYECKHX TEOPHAX.

Pacinmvipenne BceneHnoit, Kputuveckas rUioTHOCTb B TEOPHMH OO-
HOPOOHERIX H30TPOTTHBIX KOCMONOTHYECKHX MOJE/EeH.

Bunar Ne 9

YpaBHEHUS T€OAC3IUYECKUX TUMHUI B IPUCYTCTBHE 2NCKTPOMArHUT-
HOTO NOJI.

Bo3MoXxHbIe BHAB OMHOPOMHBIX M3OTPOITHEIX KOCMOJIOTHYECKUX
MoIeseil B 3aBUCHMOCTH oT B 1 A..

buner No 10
TeH30p KpUBH3HEL M €10 CBOMCTBa CHMMETPHH.

CratHueckwii LMAMHADHYECKIIF MUp DitHTeina. Kocmonoriye-
CKaf MmMOCTOAHHAA.

Guner Ne 11
Toxnectsa Puyuu ¥ buaHkM. JlokanbHO-Teone3nuecKie KOOpau-
HaTHHIE CHCTEMBL,
SdbpexT OTKNOHEHHA yyueH cBeTa B MeTpuKe [Ilpapuioiiega.
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1)
2)

1)

2)

1)

f)

2)

buner Ne 12
YpapHenus DiHmTelHA. KocMonoriyecKan TIOCTOAHHAS,

YpaBHeHUA reoge3udyeckux JUHUI B MeTpuke [llpapiununsaa. Ou-
IAYECKUH CMBICT KOHCTAHTH! B MeTpuke [Ilpapimuinia,

Buner Ne 13

Ypaesenne Knefinva—@oxa B UCKPHBIEHHOM TIpOCTPAHCTBE-Bpe-
MCHH.

Metpuxa IlUsapuiininaa. Xon noiyyeHHs MeTpukd, IpapUTauu-
OHHKIH paguyc. .

buner Ne 14

TeH30p eKTPOMATHUTHOIO NOJIA M MEpBas Iapa ypasHeHWH Makc-
Be/UIa B MCKPHBJICHHOM NMPOCTPAHCTBE-BPEMEHH,

DdexT cMemeHus nepureama Mepkypus B Merpuxke [HBapu-
LTHITETA.

Euner Ne 15

Bropas napa ypasHenuit MakcBe/ia 8 UCKPUBJISHHOM [POCTPaH-
CTBE-BPEMEHH.

Coepunecku-cummerpudnsie Metpuxky (IlBapinnunsia, PaiccHe-
pa—Hopuerpema, Korrrepa).

Bropoi cemecTp
Buner Ne 1

CMBICT M Ha3HayeHWe CUCTeM OTcuyeTa B ODUIEH TEOpMM OTHO-
CHTEJIBHOCTH M HX OTIHYME OT KOOPAMHATHBIX cUcTeM. AsnreGpa
061IeKOBAPMAHTHOTO MOHATHOIO METOIA.

OTOXICCTRICHHE TEOMETPUYECKHX M (DM3MYECKIX BEITHYMH B 5-Mep-
HOH Teopuu Kanyupr. ‘

Buner Ne 2

Mosansue PHINKO-reOMETPHUECKHE TEH30PH (B 0BIIEKOBAPMAHT-
HOM BHAE).

B uem cocToMT npofneMa 3aKOHOB COXpAHEHHWA B OOIIEl TeopHH
OTHOCHTENBHOCTH?
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Nopunoxenne

1)
2)

1)
2)

1)

2)

1)
2)

1)

2)

1)

2)

1)

Bnner Ne 3
MoHaanuie onepaTopsl auddepeHiIHposaHus (B 0OLIEKOBAPHAHT-
HOM BUIE).

[lceBOOTEH30D 3HEPIrUH-UMIIYIBCA TPABHTALIMOHHOTO «T10/s» DJH-
reitHa.

Euner Ne 4
VYpaBHeHHA reafleaHyeckyX JHHHIt B MOHATHOM BHAE M HHTEpTIpE-
TalUMs MOHRAHEX (PHUINKO-TEOMETPHHECKHX TECHIOPOB.

CyTb NCEBIOTEH30PHOTO TIOAX0AA K 3aKOHAM COXPaHeHHS B obuieit
TECOPHH OTHOCHTENIBHOCTH.

’

Buner Ne 5
MeTox XPOHOMETPHUESCKMX HHBApHAaHTOB (KalHOPOBKA MOMAZbI
u anrebpa Merona).

MoHanHRIl MOOXOA K 3aKOHY COXpaHeHHS JHepriu B o0LUCH Teo-
PUM OTHOCHTEJIBHOCTH (JOCTOMHCTBA H HENOCTATKH).

Buner Ne b
Meron XPOHOMETPHYECKHX MHBAPHAHTOR ((DH3HKO-TeOMETPHYE-
CKHE TEH30Pbl M OTIEPaTOPhl MOHATHOTO AHGbGhEPEHIINPOBAHHTA).
SJICKT‘])DM&THHTHHC BEMTHYWHEI H YPABHEBHA MaKCBeJIJI a B MOHaI-
HOM BHIE.

Binner Ne7

MeToa KHHEMETPHIECKHX UHBADHEHTOB (kanuGpoBKa MOHANE! M aN1-
reGpa MeTona).

BosMoxtble 3¢ddexTh CKangpH3Ma B 5-MepHoii Teopun Kaaviie.

Buner Ne 8
MeTroa KHHEMETPHYECKUX MHBAPUAHTOB ((U3HKO-reoMeTpUYECKHE
TEeH30pL U ONEPATOPEl MOHATHOLIO nugb(bcpeﬂunponaum).
Cnabule WIOCKHE IPaBU-WHEPUHANBHBIE BOTHBI,

Buner Ne 9

OCHOBHBIE NOHATHA AMAJHOTO METONa B OOLIEN TEOPHH OTHOCH-
TEeABHOCTH {anre6pa, GU3NKo-TEOMETPHYECKME TEHIOPDI). 3agayn,
e 1enecoo0pa3Ho NCTIONB30BaTh ANAAHBIH METON.
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1)

1

2)

BoaHopbie peluenssa ypapHEHHI DHHIITeRHA.

Buner Ne 10

Mpouspoansie J11 M MX OCHOBHBIE CBOUCTBA, YpaBHEHUA H BEKTODBI
Kunnuura.

Monaguriit MeTon B MeTpukax PpuaMana.

Buner Ne 11

MoHanHbi MeTon B 5-MepHO#H reomerpuu ((1 + 4)-pacmeniedse).
YCIoBHS, HanaraeMEIC Ha 5-MEPHYIO MCTPHKY.

Mosagnniit Meton B MeTpake I Baprimmibaa.

Guner Ne 12

YpaBHeHHA 5-MepHBIX TeOde3WYeCKHX NMHWIH M uX dusnyeckas
MHTEPNPETALINSL.

Paznmynsie GopMyTHpoBKY 061elt TEOPUH OTHOCHTENBHOCTH (reo-
MCTpHYEeCKasi, AarpatkeBa, TaMHIBTOHOBA W NIpP.). BapuaHThl BbI-
60pa OCHOBHBIX NMCPEMEHHEIX.

Buner Ne 12

VpasueHus DitHmmelHa B 5-MepHoit teopun Kanyunl. «Yyneca»
5-MepHO# Teopin Kanyibl.

Monanseii MeTon B MeTpHke Keppa (XpOHOMETPHYECKHI M KMHe-
METPUYECKUIT CI10COBHI BREJEHHS CHCTEM OTCYETA).

Biuner Ne 14

IarumepHan Teopus KieitHa—®Poka—Pymepa. Ee HazHaveHMe
H OTAHYHME OT 5-MepHoH Teopur Kamyiin,

Kpnrepu rpaBMTaiiMOHHEIX BOAH B OGLEii TEOPUMH OTHOCHTEIb-
HOCTH. MIX cMbIch ¥ HENOCTATKH.

Gunar Ne 15
AHATUI «HEJOCTATKOB» S-MepHOMH Teopuu Karylisl ¥ HX yCTpaHeHUe.

YpapHeHHA DHHINTEHHA B MOHAIHOM BHIE H OCHOBHAA MACA OM-
PaKOBCKOI'0 KaHOHWYECKoro dropManismMa obmei Teopuy OTHOCH-
TETLHOCTH.
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flouroxerite

)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

Tembl Kypcoebix pabor

Hcropua cosnanus obuweid TEOpHH OTHOCUTENLHOCTH.

TouHbie pelleHHS YpaBHeHHWiT DitHIITelHA.

KoopauHATHBIE CHCTEMB! M CUCTEMEI OTCYETA.

TToyeMy Knaccuyeckoe npocrpaﬂcfn_o—npema 4-mepHO?
KoHuenuusa MHoroMepHs QHIHMECKOTO MUpA.

Q6o6ureHud 3MHINTERHOBCKOH TEOPHMM IPABUTALMH.

3deKT! OOINEH TEOPHH OTHOCHTENLHOCTH B HEBOMHOBOH 30HE.
BKCnepHMEHTANbLHBIM MOKMCK TPaBUTALIHOHHOTO MIIY4EHHS.
Tunocrtesa YepHBIX ABID.

Boino v Havano Beenennoit?

CospemeHHbIe acTpodH3MYecKde AaHHRIE 00 aposionry BeeneHHof,
[nmotressl TeMHOM MaTEpUH W TEMHOM SHEPIHA.

v
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btheccop Kadreapb! TEOPETUHECKOW hU3MKM thanyeckoro da-
bTeTa MY, npocheccop UHcTuTyTa rpaBUTaLMM M KOCMONOrMM
CUWCKOTo yHUBepcuTeTa ApyxObl HapodoB, akagemuk PAEH,
e-npeauaeHT Poccuinckoro rpaBuTauuoHHoro oblecTsa, rnas-
i pegaxTop anbmaHaxa «Metadmaunka. Bex XXI». OkoHumn ¢u-
eckuit dakynbrer MY um. M. B. NlomoHocora B 1961 r. 06-
Th HaYYHbIX UHTEPECOB: KNAcCH4ecKas M KBaHTOBaA TEOpWA
BUTaUuK, npoSnema o6beanHeHua hU3NYecKMX B3auMogen-
MW, MHOrOMepHble Mofenyu (U3U4YeCcKUX B3aUMOOEWHCTEBUM,
PUA NPAMOTO MEXYacTUMHOTO B3aMMOOEWCTBHA, TEOPUA CHC-
eckne M gunocodckue NnpodbnemMbl TEOPETUHECKOW (HU3UKK,
Dp pAAa MoHorpadtui, cpean koTopbix: «CucTeMbl oTCYeTa
82), «llpocTpaHCcTBO-BpeMA: ABHLIE W CKPbIThbIe pa3MepHo-
2002; 2009), «FeomeTpodiuankar (2005), «OcHoBaHUA hU3NKN»
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