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O MHOECTBEHHOCTHM TEOMETPHM
M MHOMECTBEHHOCTM ®M3MK

CoBpeMenHas Hayka, BKJIIOYas ¢QH3HKY, NpeACTaBAsET CO-
50fi «pa3BHBAIOIIHACA OPraHH3M», B paMKaxX KOTOpPOro BCe BpeMs
COXDAHfAeTCA TEHAEHUHA K OTKPHTIIO HOBLIX, paHee HeH3BeCTHHIX
3aKOHOB npHponu. HMccaenoBaHne 3aKOHOMEDHOCTeH pPa3BHTHA (QH-
3HKH C HeOoOXOAMMOCTbIO NMPEANnOoNaraeT BHHMAaTeJbHOEe OTHOINEHHE
K NpORBJAAIOWHMCS B HEH METOLOJOTHYECKHM TEHAEHILHAM, ORHOH
H3 KOTOPHIX BHICTYNaeT <«reoMeTPH3auHA ¢GH3HKH®, paccMaTpHBae-
Masi B nIpelllaraeMofl CTaTbe ¢ HOBOII TOYKM 3peHHuS.

B Hacrosimee BpeMs CYLIECTBEHHO N3MEHIIOCh NpeAcTaBAeHHE
O TeOMETDHH: HHKTO He OTOXKAECTBJAfeT TEPMHH «T€OMETPHA» C TeM,
4TO Ha3uBaJOCh 3THM CJ0BOM A0 JI06aueBCKOrO HJH C TeM, 4TO
HaswWBaJoCh 3THM C€10BOM 10 I'manbeprta. Tenepb TepMHH «reomer-
pHA>» McnoJb3yercs AN 0603HayeHNss MHOXeCcTBa pa3fHu-
HHX FreoMeTpHH, Kakilass H3 KOTOPHIX OT/IYaeTCHd OT APYrHX
no xpafinefi Mepe oxHOIl akcHoMoidi. PaccmaTpHBas B3aHMOCBf3b
COBpeMeHHO/I MaTeMaTIuecKOfi (GH3HMKH H TIeoMeTPHH B ILIHPOKOM
CMHICJIe STOTO CJ0DA, Mbl OKa3blBaeMcs Iepej CJOXHBIM BHOOPOM:
NPEeBPaTHTCA Jil COBPeMEHHad MaTeMaTHUeCKas (PH3HKa B OAHY H3
Pa3HOBHAHOCTE!l reOMETPHH HAH PAa3BHTHe HAaYKH IDHBEIET X INOHH-
MaHKI0O PH3IHKH, KAK MHOXeCTBa pPa3HBX PHIUK?

Tlpu nepBofi nocTaHOBKe BONMpOCa Mbl JOJKHBI HCKaTb €XHHCT-
BEHHYIO reOMeTpHIo, KoTopas 6yrer ABIATBCR afeKBaTHHM orobpa-
AeHHem Haulero ¢H3Hueckoro Miupa. Ilpn BTopoit moctaHoBke MH
CTOHM Hepel COOTHECEHHEM KAaXKAOro Khacca (PH3HYECKHUX ABJEHHH
¢ TOR HAH HHOH 313 MHOTOYMCJEHHHX reoMeTpHil. IlpH pellleHHH
neppoit npobseMbl MbI CBfi3biBaeM BCK (GH3HKY C OAHOII
reoMeTpHef npd OAHOM H TOM Xe (QHKCHPOBaHHOM Habope
akcHoM. IlpH pewennn BTOpOH npobiieMH MBI CTPOHM <«3JaHHe»
BCefl GH3HKH NO 4YacCTHAM: KaXIOfA YacTH ero COOTBETCTBYeT
Ta WJIH HHas reomeTpns. CaM XKe mpolecc NOCTPOEHHs 34aHHA BCeH
$n3MXH OKasmBaeTcsd TAK Xe NajeK OT 3aBéplueHHs, KaK JNaJeKo
OT 3aBepllUEHHS 31aHile BCEOXBATHBaIOUIEH reOMeTpHH.
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Cywecrsyer MHeHHe, 4To AHpH IlyaHkape HMeN BCe OCHOBaHHA
ANA CO3MaHHA CNENHAIbHOR TEOPHK OTHOCHTEJNbLHOCTH, HO... 5TO OHNO
cllenaHo He HM, a A. dfumreinoM. He oTBepras 3TOro MHeHHs, MH
TeM He MeHee nosaraeM, uto Anpy IlyaHkape HDHIepXHBajCH
BTOPOH TOYKH 3pPEHHA HA CBA3b (H3IHKH H TeOMETPHH H M»rlHHO B
CHJIY 3TOro yfempaeHHs He NO3BOJMJA cefe OTHATL NpPEANOYTEHHE
OZHOR 4acCTHOR reoMeTpHX KaK eAHHCTBEHHOW TreoMeTpPHH, KOTOpas
H COrJacyeTcs CO BCeMH BHAAMH (H3HYeCKORM peasbHOCTH. TlpHBe-
nenHuft A. TlyaHKkape CHHCOK BOSMOXHBIX TeOMETpPHH, KOTOPHE
NPHCYTCTBYeT B OT3hiBe Ha paborm J. I'nabbepra, nocratouHo ybe-
AHTENbHO STO MOATBepKAaeT. MW InpHBelAeM TOJNbKO IBa OTPHBKA
H3 pa6or Ilyankape.

B 1887 r. on mucan: cCor.nacHo TOMY, YTO HaMH BHIe 6HJIO

'CKa3aHO, reOMeTpHA €CTb He YTO HHOe, KaK H3yyeHHe HEeKOTOpOH
TPYNNH ABHXXEHHH, H B 5TOM CMBICJe MOXHO CKa3aTbh, YTO CHpaBes-
JHBOCTL TeOMeTPHH EBK/IHA2 HHCKOJIBKO He TPOTHBOPEYHT CrpaBel-
JAHUBOCTH reomeTpHH Jlo6aueBcKoOro, Tak Kak CYLIECTBOBAHHE OLHOK
IPYNNH BNOJHEe COBMECTHMO C CylleCTBOBAHHEM JApYIofi.
* Mu BubpanH MexAy BCeMH BO3MOXHBIMH IPYNNaMH OLHY OCO-
Gerinylo nas Toro, YTo6H K HeR OTHOCHTb (H3HYECKHe SHBJEHHH,
noao6HO TOMY, KaK MH BHIGHpaeM CHCTeMY Tpex KOOPAHHATHLIX
oceft, yTo6H K HHM OTHOCHTb reoMeTpHYecKHe ¢Hrypu. Uto xe
onpeflenHno0 Haw BuOOpP? 3TO, BO-NEePBLIX, NPOCTOTA BHIGPaHHOH
FPYNNH; HO €CTb H ApYroe OCHOBaHHe: B NMPHpPOJEe CYUIECTBYIOT 3a-
MevaTeJIbHHE TeNa, Ha3nBaeMble TBEPALIMH, H ONLIT FOBOPHT HaM,
YTO CBSI3b Pa3JHYHBIX BO3MOXHLIX NepeMelleHHH 3THX Tea BHpa-
JKAeTCcs CO 3HAYHTEJbHOM CTENEHbIO MPHOJHMKEHHA TeMH JKe CaMbi-
MH COOTHOIUEHHSIMH, KaK H pPa3JHYHble OnepauHH BHOpPaHHOA rpyn-
nu. TakHM 06pa3oM, OCHOBHHIE FHNOTE3N TEOMETPHH He CYTb dak-
TH, 106KHTHE H3 ONHTA; HO HalNlofeHHe Haj HEeKOTOPHIMH ¢H3Hye-
CKHMH fIBJEHHAMH NPHBOAHT K BHOOPY HMEHHO HX H3 YHCJa BO3-
MOXCHBIX THNOTE3» !,

3aech IlyaHxkape AOCTAaTOUHO SICHO OTMEYaeT CBA3b Memny aK-
CHOM3MH reoMeTpHH M «HabiiOfeHHeM Hal HEeKOTODHMH ¢H3Hye-
CKHMH fBJAeHHAMH». OueBHAHO, YTO ApYrHe HabJIOMEHHS Hai ApY-
THMH (PH3HYECKHMH ABJEHHAMH OYAYT NPHBOJAHTbL Hac K aKCHOMaM
H COOTBETCTBEHHO K reoMeTpHsM Apyroro BHaa. CmeHa Habaionae-
MBIX R1acCOB (QH3HYECKHX ABJEHHH OyneT NPHBOAHTbL K CMEHE aKCH-
OM H NOCTPOEHHHX Ha 3THX aKCHOMax reomeTpHil. BceoxsaThBalo-
as aKCHOMaTHKAa MoOXeT OGHTb NOCTpOeHa TOrAa H TOJbKO TOrAa,
KOria BCe BO3MOXKHbIe KJacCh ABJEHHHA HaMH OYIYyT YXXe H3YYeHH.
- Bropoil orpuBox M3 pabor A. Ilyankape no3BOJsieT Pa3BHTb
paHee BhHCKa3aHHHe cOOOpaXkeHHs. «HaluH HAEH O NPOHCXOXKIEHHK
H 3HAaYeHHH TeOMETPHYECKHX HCTHH InpeTepneJH oveHb OLICTPYIO®
SBOJIIOUHIO B TeyeHHe nocsaenaHero crosetas. Mccaeaopauusa JloGa-

'A Myangkape. 06 ocHOBHHIX ruﬁoresax reoMeTpHH.— OCHOBaKIA reo-
merpun. M, 1956, c. 398.



ueB¢Koro, Bosba® u PuMaHa OTKPHJAHM HOBYIO 3DY; NpaBia, OHH He
NOBJHAJNH Ha TeX JHI, CAMIIKOM MHOTOYHCJIEHHBIX, KOTOpHE HIYT
JOKa3aTeNbCTBA NMOCTyJaTa EBKJAHAA — Ha HHX, YBH, HHYTO He
MOrJIO NOBJAHATb,— HO OHH YO€HHJH BCeX HCTHHHRIX YYEHHWX B TIIET-
HOCTH 3THX MNONWTOK. TakoB ObA nNepBoiH pesVAbLTaT OTKPHTHA
HEeeBKAHAOBLIX reoMeTpHii. Ho HCTHHHMLIA CMBCJA 3TOr0 OTKDHTHSA
He Obla BHISICHEH cpaay.

leapMronbn noxkasan cnepsa, YTO NPeAJNONKEHHA eBKJAHAOBOI
FeOMETPHH He YTO HHOe, KaK 3aKOHH ABHXEHHS TBepAX Ten, TOrAa
KaK NpeAJIOKeHHs APYrHX reoMeTpHAl CYTb 3aKOHLI, KOTOPHIM MOTJH
6bl OHTbL NOAYHHEHH NpPYrHe aHaJOrHYHbEe Tesa, KOTOopne (e3 co-
MHEHHA He CYIECTBYIOT, HO CYIIECTBOBaHHE KOHX MOXHO _NONMYCTHTb
6e3 Toro, yTOoOH 3TO NPHBEAO K MajeflueMYy NPOTHBOpEYHIO; TaKHe
TeJla MOXKHO ObljIo Onl NaXKe H3TOTOBHTb NPH KeJlaHHH...

..J1i TNPOABHHYJ aHAaNH3 3HAYHTENbHO Aajbiue. OH H3yuyaa, Ka-
XHM NyTeM MOrYyT KOMOMHHDOBaTbCS pa3/IMYHHE BO3MOXHHIE IBH-
JKeHH HEeKOTOpOM CHCTeMB HJH, ropops obuiée, pas3jHYHHe BO3-
MOXHbIe npeo6pa3oBanus ¢urypw. Ecan paccMaTpHBaTh H3BeCTHOe
YHcA0 npeo6pa30Banuii ¥ 3aTeM KOMOGHHHDOBATb HX BCEMH BO3MOX-
HBIMH cnoco6aMH, TO COBOKYNHOCTb BCeX STHX KOMOHHaLHA cocTa-
BHT TO, YTO OH HasnBaeT rpynnof. Kaxxao# rpynne cooTBeTCTBYeT
HEeKQTOpas reOMeTpHs, U Halla reoMeTPHs, COOTBETCTBYIOILas rpyn-
Ne nepemelleHHi TBepAOro Tena, ecTh TOJNLKO BeCcbMa YaCTHHIH NOA-
xon» 2

OTtoxnaecTBienHe paa.nmmux reOMeTpHA C COOTBETCTBYIOLIHMH
TpynnamH npeobpa3oBaHH#, OCyUieCTBJEHHOe B 6JecTAIHKX paboTax
&, Knefina n C. Jlu, nosponuno cienaTh caenymowmui war. Yectsb
Clefylomwiero wara Bunasa Ha gomo . T'nabGepra, o ueM OoueHs
XOpoWoO CKa3aHo B Y)e UHTHpoBaHHON paborte A. IlyaHkape.

Onnako, xota 3acayra J. I'nabbepTa BecbMa BeJIHKa, OH ABAsET-
Cs «KJJaCCHKOM®» TreOMETPHH B TOM CMBICJe, YTO CBS3bIBaeT rpynny
npeoOpasoBaHuH BCEro LpOCTpaHCTBa B cebs. D10 OTHOGHTCS H K
KnaccHueckoft Touke speHns @. Kaefina u C. Jlu.

JDanbuefiee paspuTHe TEOMETPHH CBA3aHO C HMeHamu . Cxoy-
Tena — 3. Kapraha c onuoii croposn u O. Be6aena —c¢ apyroi.
IlepBoe HanpaBielHe 3aBOEBaJO IUHPOKOe NPH3HAHHE CPelH MaTe-
MaTHKOB, BTOpPOe HAIlJO CBOHX NPHBEPXKEeHLEB CPelH HHXeHepoB.
Mul cosHaTenbHO acCcOUHHpYeM BTOpOe HaNpaBJieHHe C HHXXeHepa-
MH, a He ¢ (QH3HKaMH, XOTf BCeM NOHSATHO, YTO KaXAHH HHXeHep
HCMONb3yeT HMEHHO (H3HYECKHE 33aKOHH IPH KOHCTPYHPOBAHHH
TeXHHYECKHX CHCTeM.

Xor# Haes rpynne npeo6pa3oBaHHA CHHTe3HpOBana H 060GLIH-
Jla Bce NpeXKHHe MNpeACTaBJeHHA O ABHMEHHH H KOHTPYSHTHOCTH,
XOTA OHa Majla NMPHHUHN KJNACCHOHKAUHH, KOTOPH# NMO3BOJAA ORHHM
B3TJASiAOM OXBaTHIBaTb BCe Pa3HOO0pa3ne Ba)KHENIUHX reoMeTpHi —

2A Tlyanukape. OG ocHOBHHX runoresax reoMeTpHH.— OcHOB2HHR _‘req-
MeTpHH. M, 1956, c. 452—453.

g7

.
e e . e,



e

PR NN PP IR

T
.3

9Ta HIEA He OXBaThiBaja BceX reoMerpHii. K HX YHCHY OTHOCHJAHCH
Bce pHMaHOBH reoMeTpHH. Cnutes nieft PumaHa H KaeflHa 6uan
ocyulectenen f. Cxoyrenom u 3. KapTaHOM: 00beIHHSSI B OLHOM
}l TOM e €BKJH10BOM (adHHHOM, NMPOEKTHBHOM H T. A.) NPOCTpaH-
CTBe fBa CMEXHBIX KVCKa PHMaHOB2 NPOCTPAHCTBA, OHH BBOIAT
naew eskanaosoill (aduHMON, NPOEKTHBHOA H T. A.}) CBA3HOCTH.
Tenepb NOHATHe TpPYNAN ONHpaeTcs He Ha npeoGpa3oBaHHe BCero
NPOCTPAHCTBA, a TOBKO Ha MPOCTPAHCTBO COOTBETCTBYIOWefi CBA3-
HocTH. Lpyrofi nvTb noincka o6061UEHHA SPJAHIEHCKOR NpOrpaMmu
6uia u36pan O, BeGaenom. OH NPEANONKHA paccMaTpPHBaTh reoMer-
PHI0 KaK 1.2PHIO MPOCTPAHCTBA C HHBApHAHTOM (NJH C «reOMeTpH-
YeCKHM OO0DBEKTOM» — TepMHH, npelnomeRHsR 5. CxoyrenoM B
NPOTHBOBe~ :pMHHY «HHBapHaHT» BebOsera). [lpencrasaser wHTe-
pec Touka spenns O. BeGaena Ha noHaTH¢e HBapHaHT. «Bce,
YTO OCT3EeTCA HEl3MEHHHM NPH Npeo6p23OBaHUil KOODAHHAT, Ha3bi-
BaeTca ..:iBapnaHToM. Tax, HHBapH2..: v ABASETCA TOUKA, & TaKxke
KpHBasg A cnctemMa Kr uoiX. CTpoOro rosopfi, HHBAapHaHTOM 7 Afi-
eTCA Tak/ke BCAKAR beulb, HaNpHMep, pacTeHHe HJH XKHBOTHN". He
HMeollee BOBCe OTHOWEHHA K PacCMaTPHBAEMOMY HaMH IIpoc” -
cTBy. MuBapHaHT, cBA3aHHBIl ¢ NPOCTPAHCTBOM, T. €. CBUMwiul
npocTpaHcTBa, B cubicae § 1 ra. 11, M 6yleM HasnBaTh Takxe
reoMeTpHYeckKkHM 06beKTOM.. [lpyrde npuMepsl reoy- _.i-
YeCKHX 00bEKTOB ¢ KOMMNOHEHTaMH — apHHHHE CBA3HOCTH P  _H30-
ph Bcex poaoB» 3.

Mu cTapaanch 3apHKCHpOBaTh BHHM3HHe YHTaTens Ha 7O  ~O
H «pacTeHye 1Al KHBOTHOE» MOMET CAYKHTb NPHMEPOM HH: .  _ii-
ToB. Tenepy MB MOXeM NOKHHYTb MHD «4HCTOR reOMeT; .ii».

npenmecnylomee H3N0XKeHHe NOJIXKHO OHJIO NaTh BO3MOXKHOCThL
HuAeHepy H H3HKY YBHReTb 60OraTcTBO JOrHYeCKHX TeOpHMH, fB-
AAOUINXCA HENPOTHBOPEUHBHMH MAaTEMaTHUECKHMH TeopHaMH. Pas-
JANYHe MAaTeMaTHYeCKHX TEOpHIi MOXeT pacCMaTpPHBATLCA KakK pa3-
angHe «reometpuils., CavH reoMeTPHH MOr'yT TPaKTOBAaTbCA Kak
rpynnn npeo6pa3oBaHHi ¢ HHBApPHAHTOM. ITH PyH-
AaMeHTalbHble NOHSATHA MM BBHLIEAMM: 1) rpynna; 2) npeoGpasosa-
HHe; 3) HHBapHaHT.

Ha 6ase 3THX noHATHI, 06pa3yioliuX N EeJOCTHOCTDb reoMer-
PHH HJH MaTeMaTHYECKOH TEOPIl, H CO31aJ CBOX BeTBb TEH3OPHOro
anaausa cereft I'. Kpon*, OTHOCATCA OHH TOJBLKO K MaTeMaTHKe.
Ecan 3TH Tpu TepMHHa AONOAHNTb. YeTBEPTHM «dH3HYeCKaA BedH-
YHHA>», TO MBl COBEpLIHNM nepexod OT MHOXeCTBa l‘eDMCTPHﬁ K MHO-
ecTBY GH3nK. Hcnoabays yeTBepTHfi TepMHH, MB NOJAy4YaeM Onpe-
Jdenexyue He OAHOII 113 reoMeTplil, a onpelesenHe OZHON H3 PH3IUK.

30. Be6nrer, Ox. Yaiirxed Ocxosanns anddepcHunanbiol reomer-
pin. M Hsn-so nnoctp. ant., 1949, c. 70.

4 Cw. G. Kron. Non — Riemannian dynamics of rotatm electrical machi-
nery.— J. of Mathematics a. Physics, 1934 v. 13, N 2'{) —194; G. Kron.
Tensor analysis of networks. N.-Y., 1939; T, l(pou {cune,vxoaanue CAOMKKLIX
CHCTEM MO 4acTRM — JanakonTura. M, «Hayxn, 1972. , ‘
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IF'pynna rnpeo6pasoBanuii, HMelomas onpeje-
JeHHY GH3IHUYECKY BeJAHUYNHY HHBAapHAHTOM—
€CTb OARA H3 PH3HK.

VinBapHaHTOM (PU3HYECKON BeNIYHHBl NMPHHATO Ha3LBaTb 3aKOH
‘COXPaHEeHHS onpefeeHHOA PH3IYECKO/ BEAHUHHH. ‘

Tenepb MH J0AXHH 06paTHTb CBOe BHHMAaHHe Ha TOHCK CHCTEMBL
(DH3HYECKHX BeJIHYHH. JTa CHCTeMa (DH3IHHECKHX BEJHYHH, eCJ¥ OHa
6yXer onpejeseHa NPaBHJALHO, JOJXHa ROPOKIATL CICTEMY 3aKO-
..HOB (H3HKH, HOO HMBADHAHTHOCTb 3THX (H3HYECKHX BEJHYHH H
*.."COOTBETCTBYeT SAKOHAM COXPaHeHHs.

Teopus pasMepHOcTefl COLEPXHT BONPOC O UHCJE OPTOTOHAalb-
HHX napaMeTpOB H3MeDeHHH M MepaX HX cooTHoweHif. Paspa6o-
TaHHHWA A4 OTHeJIbHHX AHCUMNAHH HaVKH, OH He onpefiefifier OfHO-
3HayHOro BHIGOpaA MEePBHYHHIX eAHHHU O6JacTH 11 He OGDbENMHSET
NOHATHA ¥ WX BEeJHYHHH B eJHHYIO CHCTeMY, MO3BOJAIOILYI0 ycTa-
HOBHTbH OOLIYI0 3aKOHOMEDHOCTb COOTHOIUEHH/A KaK 32KOHOB NPHPO-
Ju. KpoMe Ttoro, nossasiomwueca B GopMyaax pasmepHocTefi gpo6-
HHe MOoKa3aTeAH NpPH HCNOJbACLaHNM NEPBHYHLIX BeJHuHH [LMT]
JINIIEHbl L.CAKOTO (H3HYECKOTO COAEpIXKaHHA H JIOTHYECKOro CMHICJa.

B KuheMaTHueckol cucTeMe H3aMepeHHA [LT7T] nepBHUHOR enuHH-
1ed ABJAAETCS KBaHT NOJs, PaiHyc MHPOBOH HHBEPCHH NpPOTANKEH-
HOCTH !/ M IJINTeNILHOCTH !, onpelesfeMbli 3KCNEPHMEHTAbHO ¢ 60J1b-
ud creneHblo TouHocTH. O6o3Hauas ¢GYHIAMeHTa/bHOE OTHOLIEeHHe

-l paodOe P-1HYMHe ¢ _aMeHTANbHOK cKopocTH, Oykeofi C, nmeeM
C.eAVIOmYIo S0WyYI CipyKTVDHYIO ¢opMyay Bcex ¢H3NYECKHX Be-
JIMURH! ‘

D™ =C'r =L¥T" Y,

rie D™ — fuMeH3HOHANbHbIH O6BEM (H3MUECKOR BeNHYMHH! 3, —
cyMMa nokasarenefi B ¢opMyne pasmeproctefi; T — panuxan pasmep-
HOCTel; n H y —Lienble yncaa. Takas KHHeMaTHyecKad CHcTeMa ¢u-
3HYECKHX BeJHYHMH, KOTOpas ONHpaeTcsi Ha JBe OCHOBHHIX ENIHHUL
(Kaxp#an H3 KOTODHX KBaHTYeTcsl) — Ha enuHuuy Anuubl [L] u enu-
Huny Bpemenn [T), Onna npennokeHa OZHHM H3 aBTOPOB Hacrosimef
cratb® (cM. Tabanuny). XoTA NOHATHe AJHHA H He MNpeamnoJaraer
HanpaBJieHHe, TeM He MeHee B KHHeMaTHuecKofl CHcreme (PH3HYECKHX
BEJIMYHH NpPENNoJaraloTcs BeKTOPHble (OPHEHTHPOBAHHBIE) BEJHYHHB
LIHHB H BpemeHH, obpa3symouiHe LWeCTHMepHOe MHOroobpasue. 3T0
©O3Hayaer, 4TO C KaxIblM H3 TPEX NPOCTPAHCTBEHHLIX HanpasJjeHnuil
acCOLMHPOBAHO CBOe COOCTBEHHOE OPHEHTHpOBaHHoe Bpems. Ilpoue
BCEro O3HAKOMHTBCH C HOBBIMH NOHATHAMH, €c/H paccMmorperb ¢op-
MajbHYI0 3alHch AJAf KHHEMATHKH IBHXKYuefics Touku. [Ipofinennsiit

$Cum.P.O.0un Baprunu Hoxn AH CCCP, 1965, 1. 163, Ne 4; P. O. nu
Baprunu CooTHoweHns MeXRY (HIHYECKHMT BehHYuHamu.— [IpoGaemu Teo-
PMI FPaBHTAUNH H 3JeMeHTapHbIX JacTHU. M., cATomu3nars, 1966, ¢, 249—266.
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"Toukofi NyTb B OAHOMEDHOM IBIDKEHHH MOXHO npt¢  aBHTh bec-
XOHEYHbLIM CTEMEeHHLIM DAAOM:
S () =a,+a,t +a,1+agt¥4-- - -,

Tae S(f) — NpoANeHHHIA TOYKOH MNyTh; @, — HaYalbHOE CMEUWEHHE;
@y — CKOPOCTb HBHMEHHS TOYKH; Qy — YCKOPEHHE TOUKH; a;— H3Mme-
HeHUe YCKOPEeHHS TOYKA 4 T. A.

Ecnu OT OAHOMEDHOrO NBHXKEHHS TOYKH MNeEpeHTH K TpPeXMepHOMY
TIPOCTPAHCTBEHHOMY IBHXKEHHIO, TO oSuIHA BHJ YPaBHEHHH JABHXEHHS
He M3MEHHTCH, a TeKyllHe HHIAeKCH 6ynyr npoberarb TPH SHaueHHSA

KaK No NPOCTPAHCTBEHHHM KOOPIHHATAM, T3K H NO KOOpAWHATaM
BPEMEHH:

S (f)m=a® +-af 1P+ oy 1P ' afy P 1V 10 .
The ap— CKOPOCTb ABHMKEHHS TOYKH; ag, —ycxope}me TOYKH; a%

By
HBMeHeHHe YCKOPEHHS TOYKH M T. X. @, B, v, §=1, 2, 3.

AHanu3 pasmepHOCTedl NO3BOJIAET YTBEPXKAATb, YTO KAXAWA TepM
fIpaBOfl YacTH HMeeT pPa3MEepHOCTh AJIHHH, a KOxppUIlHEeHTH — pa3-
MepHOCTL [L1T—"], rme n ecTb UMCJIO KOBapHAHTHHIX HHIAEKCOB.

BBeneHHOe 1IecTHMepHOe MHOroof6pasHe ¢ CaMoro Hayaflla He
JpeanoJsiaraeT paBeHCTBAa MacwWITab0B «IONEPEeYHOro» M <NPOROJMb-
HOro» BpeMEHH, T. €. B HeM HCKJIIOUaeTcs runotes’a O CyWeCcTBOBa-
#HHH a6CONIOTHOrO CKanspa, Ha3bIBaeMOTro «BpeMeHeM>».

CoOTBeTCTBHE BBOAHMHX NPEACTABJEHHII «IYXY BpeMeHH>» MOX-
HO NpOHJIOCTpHpOBaTh nosuuveh I'. Xautan. Ecan Te1o aBHXeTcs
napaaneapio och OX B NpSAMOYrosibHOR ClCTeMe KOOPAHHAT, ero

JIKHeNHBT pa3mep BAOAbL 3TON OCH, 0603HaueHHHR KaK [Lx], cBA3aH
€ CONPOTHBJIEHHEM TpPEHHS M BA3KOCTHI cpeAH. [Tonepeunnie pas-
Mepn [Ly] # [L.] npAMO CBR3aHH ¢ NJOTHOCTHIO CPeAbl H He 3aBH-
CAT OT BA3KOCTH. MOXHO NoOKasaTh, YTO TaKoe NpHAaHHEe BEKTOp-
HOrO XapakTepa ¢aKTopaM KOH(QHIypallHH Tejla NO3BOJSET HAHTH
TO0JHOe peweHHe 3ajay, AJA KOTOPHX paHee aHAalNK3 pasMepHoCTel
J8Ban JHWb yacTHuHOoe pemenne®. I. XaHTaW HamoCTpupyeT HC-
TIONb30BaHKE BeKTOPHLIX AJHH Ha NplMepax H3 CaMoJieTo- H DaKeTo-
CTpoeHHs. HeTpyaHO BHAeTh, YTO npepsoxeHHe XaHTJAH MOXeT pac-
CMaTpHBaTbCA KaK YAacTHWA cayyall BBeJeHHOro HaMH LuecTHMep-
‘HOro MHOroolpasHs.

[pouaniocTpupyeM ponb CHCTeMH (H3IHYECKHX BEJIHYMH B BHI-
AeNeHHH TeX IJH- HHBIX KJAaCCOB QH3HUECKIIX SABJIEHHH, KOTOpble MH
H OTOMXAECTBJASIEM C YaCTHHMH (H3HKaMH. (MoxeTr 6HThL, TOuHee
6u0 Onl roBOpHTh 06 YPOBHSIX OTOGpaXkeHHs (H3HYeCKOil pealb-
HocTH. OHaKO HCTODHYECKH CJOXHBLIAACH H elle COXPaHAIWaACs
TEPMHHOJIOT{l — «YaCTHAA TEOPHA OTHOCHTEJALHOCTH® ¥ T. 4. —
Jenaer nofofHoe cJOBOynoTpeGjieHHe Ha CEerofHA MNpHEMJEMBbIM.
Jpum. ped.).

PaccMoTpuM knace ¢u3Nvecknx sBJeHHA, KOTOpHIl XapaKTepeH

¢ Cu. T. Xantau Axanus pasnepHocteh. M., «Mup», 1970.
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TeM, YTO CKOPOCTb H.__:HEHHS NJOLLaAH ABJSAETCS NOCTOSHHOI Be-
JHYHHON. DTOT KJacc ABJeHHIl B cBoe BpeMs 6nla yctanosjey Ken-
NnepoM B dopme: «PaiKyc-BeKTOp NAaHETH 32 paBHHE NPOMEXYTKI.
BpPEMeHH ONHCHBaeT paBHHE nuowanu». PaccMOTpHM pad, Xapak-
TePH3YIOIHIT H3MeHeHlle MJIOWAAll BO BpeMeHH, B BHIe:

S (1) =08 +-a%® 1Y+ 0 1 1%+ ...,

rae R (f) — MeHAOWAACA CO BpeMeHeM NJOWIAAbL, a%f — HayabHOe
3HayeHHe NJOWAAH; a‘f'?.,—cxopoc'rb HW3MeHEeHUS MNJOoulaiu; a‘?‘?w-—
¢YCKODeHHe» H3MeHeHHs niolafy u T. 4. @, B, vy, 6=1, 2, 3.

BouiensM B uncie KO3(pGhHUHEHTOB pAAa CKOPOCTb H3MEHEHHT
TUIOLIARH M NpPHPaBHAEM 3TOT 4JIeH MOCTOSHHOIM:

a®, = const.
TlepereceM NOCTOAHHYIO B JIEBYIO YacTh:

a'.’?y — const =0,

3aM_eHHM BhIDAaXKE€HHE B JieBoil 4acTH OAHHM CHMBOJIOM:
W=0.

D70 N ecTb He YTO HHOe, Kak 3akoH KenJsepa B TeH30pHOH ¢opme.
EBxaunoBa reoMeTpHs, NOCTPOEHHAs Ha Fpynne ABH>Kenuii abcomor-
HO TBEpROro TeNa, XapaKTepH3YeTCA HHBAPHAHTOM DACCTOSHHA MEXIY
ABYMSl TOYKaMH. '

YTBepiaeHHe MoxeT OLITb 3anHCcano B BHIe:

V=0,

rae W® u ecTb MHBapHaHT pacCTOSHMA MeXLY TOYKaMH TBEPAOrG
Tena. :

Koraa Mul mepexoiHM B KJacC ¢H3HYeCKHX sBJeHHil, Ha3LiBae-
MBI THAPOMIHAMHKOH HECKHMaeMOil JKHAKOCTH, TO, HeCMOTpPS Ha
TO, YTO H3 HHBAPHAaHTHOCTH PACCTOAHHSA MEXAY AByMS TOYKAMH Clie-
AyeT HHBapHaHTHOCTL 06beMa, Mbl He MOXeM COXpaHfiTb HHBapHaH- '
Ta eBKJIHJOBOH reoMeTpHH. MH nocTysupyemM HHBapMaHTHOCTb 0Gb-
eMa, HO OTKa3hBaeMCfl OT NOCTyJaTa HHBADHAaHTHOCTH PaCCTOAHHS
MeXJy ABYMS TOYKAMH XHAKOCTH. DTOT NOCTYNAT Mbl 3aNiCHBaeM
B BHje:

Wb,

rae W yu ecTn mnBapHaHT O6beMa HEC)KHMAEMOH XKILIKOCTH.
Buaenas xaerky 1aGauum ¢ pasyepnoctsio [L37-2], mul roay-
yaeM 33KOHH COXPaHEHIl MacChl, 3apsAilia, «MarHHTHONl Macch», H,
KpoMe TOro, H3BecTHHIl 3aKoH Ken.epa, cornacHo KOTOpDOMY <«OT-
HolleHHe Ky6a palHyca NlaHeTH K KBajpaTy nepHola O6palleHHs
€CTh BeJIHYHHA NOCTOAHHAA». Bhileass KJAETKY C Pa3MepHOCTHIO
[L*T-3], MBIl moayyaem 3aKOH COXDAaHEHHSl KOJHYeCTBa ABHIKEHHSA
(#Mnyabca). Boiaenas kaeTky ¢ pasmepHoctsio [L37-3], Mml roay-
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YaeM 3aKOH COXpaHeHHs MOMEHTa KOJHYeCTBa B  :HHR (MOMeHTa
HMnyabca). Buenss kneTky ¢ pasMepHocTbio [Z-/—], Ml noJy-
YaeM 3aKOH COXPaHEHHA SHePrHH. Bujesfs KAeTKY C Pa3sMepHOCTbIO
[L3T-5], Mu nosydaeM 3aKOH COXpaHEHHR MOUIHOCTH, KOTOPHIA OHJ
H3BecTeH emte Jx. Makcseany.

HexoTtopuie 3saMeuaHHs 06 <«OPHEHTHDOBaHHOM BpeMEHH» H
<«OpPHEeHTHPOBaHHOA BpeMEHHOA NJOIIaAH» MOTYT OKasaThCf IOJe3-
HHIMH AJs HaJbHeRlero pasBHTHA (H3HYECKHX HIeR. B kieTke
Tabauun ¢ pasMepHocTbio [L?7-2?] pasmemlaeTcs HeCKOJbKO pas-
JIHYHRX (QH3HIECKHX BEJHYHH, KOTODHE He aJIHTHBHBI: Macca, 3Jex-
TpHYeCKHH SapAll H «MarHHTHas Mmacca». OfHako B 3TO# KJeTKe
CTOHT B 3HaMeHaTeJe BHpaXieHHe IS «OPHEHTHPOBaHHOA BpeMeH-
HOl nuowanHs. CoOCTaBAAA NapHble NpPOH3BENEHHA H3 TpeX Bek-
TOPHBLIX BpeMeH, MH MNOAYYHM TPH Da3jHYHHe BpeMeHHHe <IJIO-
UlafH», KOTOPHE N0 ONpeleNeHHIO OPTOrOHaJbHH APYr K HPYTYy H
NOTOMY He CYMMHDYeMBl:

[tutv]); [tutw]): [tviv).
3Ta «He3aBHCHMOCTb» TPeX OPHEHTHPOBAHHHX BPEMEHHHX IJIO-
wanefi 0co6eBHO ACHO BHAHA M3 aHa/JH3a npolbJieMH B3aHMONeHCT-
BHA, TaKk Kak «pH3HYecKOe BPEMs» MH Bceria olpeinesisieM H3 NBH-
KeHHR HJH B3aHMozefcTBHA. OueBRAHO, YTO B3aHMOAeACTBHE ABYX
MaTepHaJbHHX TeéJ nonycxaer TPH ana He32BHCHMOrO B3aHMO-
JleACTBHSA:
a) Baaumoneﬁcrsﬂe mace

F,=vy

my- ’"a

6) B3aHMOJNEHCTBHE HX S/IEKTPHYECKHX 3apsN0B
‘1 ‘s

F=-;t

B) B3aHMOJEACTBHE HX ¢MATHHTHHX 32PSAOB®
Fa=t—1—2 Ml M’

StH cmxu aaaumoneﬁc-rana CyMVlH]J)'eMH HO 3HaueHHs MaccHl, 3JeK-
DPHYECKOTO 3apAla H ¢MarHHTHOro Sapsaja» KayAoro Ttena MOLyT
HM3MeHATbCA HE3aBHCHMO APYr OT jpyra. 3anuiueM 5TH TPH He3aBH-
CHMbIe CHJIH B3aHMOJEACTBHS ABYX T€/ B CHMMETDHYHOH (opme:

F m;- ’"a €8y, MM,
by UL R halrarevay)
(v’ (err)? (nir)

TIe Y‘==]/—’Y—: e=Ve uw=Vp .
{lockonbKY HaM XOPOIIO H3BECTHO COOTHOLIEHHE
Cre

Eolto ’
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MBl MOXEM II0JIOXK:~» «CHMMeTDHYUHO®, 4TO C=—i5=—;—
TOrA2
Cr=-cl g [ert]=[L'TY)=[ur2).
e3 “2
«OpHeHTauHA» ANA CKOPOCTH CBeTa KAaK XOpPHEHTaLMs BeKTOpa» —
Bellb H3BecTHasA. B 3HaMeHaTese KaX10il H3 CHMMETPHYHO 3allHCaH-
HHX (OPMYJA NPHCYTCTBYET BhipajkeHHe AJIA OPHEHTHPOBAHHOII CKO-
POCTH, YTO II COOTBETCTBYET «OPHEHTHPOBAHHOMY» BpEMeHH.
[Tepexons k pacnpeneneHNio Macc, Mbl MOXEM 3amHcaTb Bulpa-
AeHHe A48 3HepriiH B3aHMOAENCTBHA KaK B3aHWMoleiicTBHA TeJ,
ofaapapowix Maccofl, HrHOpHPYs pacnperesieHHe SJEKTPHYECKHX
. 3apAJlOB M «MarHHTHHIX 3apanoBs. [10706HYI0 NpoUENYPY MGXKHO Bhi-
NOJHHTb H O TNMOASRM 3JeKTPHUECKHX 3apslloB H MarHHTHHIX 3apf-
J0B, HO KaMXAaulli BHA noas 6yner o6JanaTb cBOed METPHKOH H
XapaKTepH30BaTbCA CBOHM MeTpHYecKHM TeH3opoM. Onpezneanm
YHCNO ITHX «MeTpiik». MeTpHyecKHA TeH30p Macc O06O3HAYHM g o,
METPHYECKHII TEH30p "3JIEKTPHUECKHX 3apsia0oB Ssy H MeTPHYECKHH
TEH30p «MarHHTHLIX Macc» lgy. B mapHeIX B3akMoAeliCTBHAX moJeil,
NOCKOJNbLKY COXpPaHfieTCs «O0wlas 3HEPTrHA», a He 3HEPrHs «MeXaHH-
YecKafA» HJH <«3JeKTPOCTaTHUeCKas», HHBapHaHTOM OyleT «CBepx-
MeTpHKa» [JeKapToBa NpPOH3BeJeHHs ABYX METPHYECKHX TEH30pOB.
Takux «cBepxmeTpHK» 6yler TPH: Lop XSsy: Lop Xloni Sey Xlon.
Ilepexon or «ckopocTefi» Macc, 3apAlOB H MarHHTHbIX 3apAfOB K
06O6IIeHHHM KOOpJAHHATaM H TpelyeT BBeeHHS TPpeX He3aBHCHMAIX
OPHEHTHPOBAHHKX BpeMeH. OO6bIYHOE CKaJisipHOE OPHEHTHPOBaHHOe
BpeMsf, KOTOpOe HMeeTCs HaMH B BHIY, MOXHO pacCMaTpHBaThb
KaK OpHeHTHPOBaHHbI{l, «BpeMeHHOH o6beM», o6pa3yeMblii CMellaH-
HbIM BEKTOPHLIM MpPOH3BeleHHeM TpPeXx BPeMEeHHHIX BEKTODPOB.

BceM H3BeCTHOe HepaBEHCTBO «NPOJOJILHOIO» H «NOINEPEeyHOro»
BPeMEeHlI B PeNATHBHCTCKON ANHaMHKe Y)Xe Tpe6OBano OTKasa OT
«CKaJSpHLIX MOJeneli» BpeMeHNn. B npuBenleHHOM Bblle H3JIOXKEHHH
3107 $aKT, NpPOTHBOPEUYAlIHIl NOCTYNATY CKaJSAPHOrO BPEMEHH, HC-
nosb3yeTcs B KayecTBe akclOMH. Mb NpHHHMaeM cpasy, 4TO Mac-
wTabLl BpeMeHH N0 TpeM HanpaBJeHHAM KOOPAHHATHHIX ocefl MOryT
6biTh pa3nHuyHbLIMH. EcTecTBEHHO, 4TO 3TO (OpPMaJbHO O3Hauaer
OTKa3 OT «OJHOPOAHOCTH» NMPOCTPAHCTBA, YTO OYEHb YACTO HMeeT
MEeCTO B TEXHHYECKHX NPHJIOKEHHSX.

PaccMoTpeHHble HaMmli TpHMepHl MNpecelyloT Ueslb IN0OKa3aTb
BC3MOXXHOCTL (POPMHPOBaHIIA HOBONO HAayyHOro HanpaBJeHHS, 3Ha-
yeHlle KOTOPOr0 Kak A/ peuleHHS NPHKAaAHbIX 3ajay, Tak H Anf
PasBITHA TeOpNH TPYAHO NEPEOUECHHTD.
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