Ak -MMS HAYK cccPp
YPA:ibCKMM HAYYHDBIK LEHTP

MPOBITEMbI N OCOBEHHOCTH
COBPEMEHHOW
HAYYHOWU
METOOONOImn

CBEPANOBCK, 1979



AKAREMHUA HAYHK CCCP - YPANBCKUK HAYUHDBIH LEHTP

NPOBNEMbBI 1 OCOBEHHOCTH
COBPEMEHHOW HAYYHOWM METOAONOMMM . 1978

| P O aw BAPTHRW |, N. I. KY3HELLOB .

O MHOECTBEHHOCTM TEOMETPHMHM
M MHOMECTBEHHOCTM ®M3MK

CoBpeMenHas HayKa, BKJIIOuas ¢QH3HKY, NpeicTaB/AfeT Co-
00fi «pa3BHBAOMIHACA OpraHH3M», B paMKaX KOTOpPOro BCeé BpeMA
COXpaHfieTCHd TEHIEeHUHS K OTKPHTIIIO HOBHIX, paHee HEeH3BECTHBIX
3aKoHOB npuponsl. MccnesoBanie 3aKoHOMepHOCTeR pa3ButTHs Qu-
3HKH ¢ Heo6XOZMMOCTbIO MNpeanosaraeT BHHMAaTeJbHOE OTHOLIEHHE
K NpPOABJAAIOIUHMC? B Hell MeTOAOJNOTHYECKHM TEHREHUHAM, ORHOH
H3 KOTOPHIX BHICTYNAET «reoMeTpH3auHs (H3HKH®, paccMaTpHBae-
Mas B npeljiaraeMoft CTaTbe C HOBOIl TOYKH 3pEHHA.

B HacTrosimee BpeMs CYLIECTBEHHO I3MEHIIOCh NpelcTaBJeHHe
O reOMETDHH: HHKTO He OTOXAREeCTBJIAET TEPMHH «reOMEeTPHA» C TeM,
YTO Ha3bBaJOChb 3THM CJI0BOM 1O JIo6a4yeBCKOro HJAM C TeM, UTO
HasWBa/NOCh 3THM CJ10BOM 10 I'manbeprta. Tenepb TepMHH «reoMet-
PpHA» HCMOAb3YeTCs A/ 00603HAyeHNs MHOXECTBA pa3nHu-
HBX TreoMeTpHH, Kaxilas H3 KOTOpPHIX OTJiYaeTCs OT APYrHX
no xpafiHefi Mepe ozHOil akcuoMmoil. PaccmarpuBas B3aHMOCBA3b
coBpeMeHHOR MaTemaTiiqeCkofi (H3UKH N reoMeTPHH B LIHPOKOM
CMHICJie STOrO cJiODa, MBI OKa3niBaeMCs Nepej, CJOXKHBIM BHOOpOM:
npeBpaTHTCA Jil COBpeMeHHas MaTeMaTHUeckas ¢H3HKa B OJHYy H3
Pa3HOBHAHOCTell reOMETPHH UAH Pa3BHTHE HAaYKH NPHBEAET X TNOHH-
MaHKI0O QH3NKH, KAK MHOXeCTBa pPa3HBX GH3IHK?

Tlpu nepBoOfi NOCTAaHOBKe BOMPOCA Mbl JOJMXHBI HCKATb €JHHCT-
BEHHYIO TFeOMETpHIO, KOTOpas 6yneT ABIATbCA alleKBaTHhHIM oOTO6pa-
JKeHHeM Hallero ¢Hu3uueckoro Miupa. Ilpi BTopofi nmocraHoBke MM
CTOHM Ilepejl COOTHeCEHHEM KaXXAOro kKnacca (pH3HYeCKHX fBJIeHH#t
¢ TOR HAH HHOH 113 MHOTOYNMCJEHHHX reoMeTpHil. TIpH pellleHHH
nepBoifi npobaeMBl Mbl CBfi3piBaeM BCI (GQH3IHKY ¢ OLHOII
reoMeTpHeR INIpH OAHOM H TOM Xe (HKCHPOBaHHOM Habope
akcHoM. IlpH pewlennn BTOpoii npobsieMH MBI CTPOHM <3JaHHe»
Bceli PH3HKH NO YacTAM: KAaXJAOA 4aCTH ero COOTBETCTBYET
Ta MNH HHas reoMerpns. CaM e npolecc MOCTPOEHHs 34aHHA BCeH
¢H3MKH OKa3biBaeTcsd TaK e NaNeK OT 3aBéplIEHHA, KaK JaleKo
OT 3aBepileHHs 3]aHle BCEOXBATHBAlOIEN reoMeTpHH.
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JIeHHA ueJoro, He 3abniBas NpH
9TOM 006 H3BeCTHOA YCAOBHOCTH'
(He aGcomoTHocTH!) npuema,
¢ NOMOILIbLIO KOTOPOro Mb 3aMme-
HHJIH JHAXPOHHYECKOE DPacCMOT-
peHre CHHXpoHHYeckHM. OG6a3a-
TeJbHBIMH OKa3biBAIOTCA 3AMKHY-
0 #_ 'TOCTb CHCTEMH,  aCCOUHATHB-
- Jompamer 40N HOCTb CBSI3H MEXAY €e SJeMeH-
TaMH, a TaKXe Tpynnosas one-
Puc. 3. uarpasua nprOuay — 3a- PalHs. COMOCTABAEHHSA («CBA3bI-
BaHHA») «npaAMOro» H «o6paTHo-
ro» 3NEeMEeHTOB paccMaTpHBae-
Mmoro uenoro (rpynnm). KoHueHrpauus — paccesnne, H3MeHeHHe —
coXpaHeHHe, aCCHMHJALHA — AHCCHMHAALHSA, noTpebeHne — Hakon-
JieHHe, SKOHOMHYHOCTb — NOMEeXOYCTOAYHBOCTD KOfa H T. A.— TaKo-
Bu HaHGoJlee NPOCTHe CONPAXEHHble NapamMeTphl, B3aHMOCBA3DL
KOTODHX, CYI8 O BCEMY, «OpraHHayercsa» no tuny cesasu (6, 11)
Al OTHOCHTEJAbHO 3aMKHYTHIX «CaMOCTORTEJbHBIX» CHCTEM, KOTO-
pbie NpeacTaBAAKT COOG0R €MIKPOKOMHIO® YHHKaJbHOro, NpeaHka-
THBHO HEOI'DaHHYEHHOrO «3K3eMIaspa A».

Bosspalasch K 3arJaBHIO CTaTbH, MOABITOXHM BLICKa3aHHSe B
Hell npexnoso)KeHHe, COINaCHO KOTOpOMY ¢H3HKa 3aBTpallHero
Aua Oyaer BHIHYM¥JeHa B Oonbliell Mepe CYHTATbCA C METOAONOTH-
YeCKHMH NMPHHUMNAMIH NOTEHUHAJIbHOIO eAHHCTBa QH3IHYECKOro 3Ha-
HHR, CHMMeTpHeR NpoueccoB RPHPOAL, CAMOABHIKEHHS MaTepHH H ee
«YPOBHEBOro» CTPOEHHS, KOTOPLIR PacKpHBAETCH yepe3 HCTOpHYecKH
OorpaHHyeHHYlo obUlecTBEHHYI0 NPAKTHKY. Bupaxkas nonobaylo yse-
PEHHOCTb, MBI BMECTe C TeM OCTaBJfieM OTKPbITHIM Bonpoc o6 HCTO-
pHYecKH HaH60.1ee ONTHMAJbHHX cnoco6ax BLIpaXKeHHS YNOMSAHY-
THIX NPHHUHNOB B CTPYKTYPE COBPEMEHHOTO Hay4yHOIO 3HaHHA.

Xem®? Jampamsl

yn. XAGA‘C.
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Cywecrsyer MHeHHe, uTo AHpH IlyaHKape HMeJ BCe OCHOBaHHSA
ANA CO3MAHHA CNENHAJbHOR TeOPHH OTHOCHTEJIBHOCTH, HO... 5T0 OLNO
cAenaHo He HM, a A. DfvmrefinoM. He oTBepras 3TOro MHeHHs, MBI
TeM He MeHee noJgaraeM, 4To AHpH IlyaHkape IDHAepXHBajCH
BTOPOH TOYKH 3pEeHHsi Ha CBA3b (D)H3HKH H reOMeTPHH H MMCHNWO B
CHAYy 3TOro ybex<laeHHAs He NO3BOJHJ ce6e OTAaTb NPeANOYTeHHe
ORHOM 4acTHOA reoMeTpHH KaK eAHHCTBEHHOH reoMeTpHH, KOTOpas
H COrjacyeTca cO BCeMH BHAAMH (DH3HYECKOH DeaNbHOCTH. IpuBe-
neHHu#t A. TlyaHkape CHHCOK BO3MOXHBIX TIeOMETPHM, KOTOpHIt
NpHCYTCTBYyeT B OT3niBe Ha pabotnl JI. I'nabbepra, AocraTouHo yGe-
JAHTENbHO 3TO MOATBepXKAaeT. MW npHBedeM TONbKO ABa OTPHBKA
H3 pa6or Ilyankape.

B 1887 r. on mucan: ¢Cor.nacHo TOMY, YTO HaMH BHlIue GHIO
'CKa3aHO, reOMETPHA eCTb He YTO HHOe, KaK H3YyueHHe HeKOTOpo#
rpynnu ABHXXEHHH, H B 9TOM CMBICJ€ MOXHO CKa3aTh, YTO COpaBeA-
JIHBOCTb TeOMeTPHH EBK/IHA2 HHCKOJIBKO He TPOTHBOPEUHT CrpaBes-
JNHBOCTH reoMeTpHH Jlo6aueBckoro, Tak Kak CYlNeCTBOBAHHE ONHOK
rPYnNH BNOJHE COBMECTHMO C CYLlleCTBOBAHHEM ApYrofl.
© Mu BH6panH Mexay BCeMH BO3MOXHBIMH TPYANaMK OLHY OCO-
GeHHYI0 Aaf TOro, YTOOH K HeR OTHOCHTb (HU3HUECKHe SBJEHHA,
nofoGHO TOMY, KaK MH BHOMpaeM cHCTeMY TpeX KOODAHHATHHIX
oceft, uTo6H K HHM OTHOCHTbL reoMeTpHueckKHe OHrypw. Urto Xxe
onpeaenuno Haw BuGOp? 3TO, BO-NEPBHX, NpOCTOTa BHGpaHHOM
IPYNNH; HO €CTb H Apyroe OCHOBaHHe: B NPHpOIE CYLIECTBYIOT 3a-
MeYaTesIbHLe TeNna, Ha3niBaeMuie TBEpPALIMH, H ONLIT FOBOPHT HaM,.
YTO CBA3b Pa3JHYHBIX BO3MOXHBIX NepeMelIeHHH 3THX Teés BhIpa-
JKaeTcsd CO 3HAYHTENbHOH CTeNeHbIO NMPHOJHMKEHHS TeMH K€ CaMbl-
MH COOTHOLUEHHAMH, KaK H pa3JHYHbHe OfepalHH BHOGPAHHOA rpyn-
nu. TakkM 06pa3oM, OCHOBHHE TFHNOTe3H I'€OMETPHH He CYThb ¢ak-
TH, NOOHTHE H3 ONLITa; HO HabJIOAeHHe HAal HEKOTOPRIMH ¢H3Hye-
CKHMH SIBJIEHHAMH INPHBOAHT K BGOpPY HMEHHO HX H3 YHC/12 BO3-
MOXHHX THMOTe3» !,

3aech IlyaHkape ROCTaTOYHO SICHO OTMeYaeT CBA3b Memny ak-
CHOMarMH reoMeTpHH H «HalJMl0JeHHeM HaJ HeKOTODHMH ¢H3HYe-
CKHMH fBJeHHAMH». OUeBHOHO, YTO ApYrHe HabJIONEHHS Hai ApY-
rHMH (DH3HYECKHMH SBJEHHAMH O6YAyT NPHBOAMTb HAac K aKCHOMaM
H COOTBETCTBEHHO K reoMeTpHsM Apyroro BHAa. CMeHa Halaiolae-
MBIX KJ1aCCOB GH3HYECKHX ABJEHHH OyneT NPHBOAHTb K CMeHe aKCH-
OM H NOCTPOEHHHX Ha 3THX aKCHOMax reomerphii. BceoxBaThBaio-
as aKCHOMaTHKAa MOXeT ObiTb NOCTPOeHa TOrfa H TOJbLKO TOrAa,
KOria Bce BO3MOXHBIe KNACCH ABJEHHA HaMH OYAYT yXKe H3YyeHH.
- Bropoil oTpwBok H3 pabor A. Ilyankape no3soasieT pas3BHTb
paHee BhICKa3aHHble coobpakenns. «Hawy HAeH O NPOHCXOXIEHHK
H 3HAYeHHH reOMEeTPHYECKHX HCTHH TpeTepmesiH oOvYeHb GHCTPYIO
$BOJIIOUHIO B TeyeHHe mocJjenHero crosetua. Mccaenosanus Jloba-

1A Nyankape. O6 OCHOBHHX ruﬁoresax reoMeTpHH.— OCHOBaHUR reo-
meTphu. M, 1956, c. 398.



ueBCROro, Bonbad ¥ PrHMaHa OTKpHAM HOBYIO 3pY; NpaBia, OHH He
NOBJHAJM Ha TeX JHI, CJAHIIKOM MHOTOYHCJEHHLIX, KOTOpHE HIIyT
AOKa3aTenabCTBa NOCTyaAaTa EBKAHA2 ~—Ha HHX, YBB, HHUYTO He
MOTJIO NOBJAHATb,— HO OHH YGEHHJIH BCeX HCTHHHHIX YYEHHX B TLIET-
HOCTH 3THX NONLITOK. TakoB OHJ nepBHH pDe3VALTAT OTKPHTHA
HEeBKAHAOBHX reoMeTpHi. HoO HCTHHHLIA CMBICJI 3TOTO OTKPHITHSA
He Obl1 BHISAICHEH cpas3y.

TFeabMronbn noxasan cneppa, YTO NpeAJOXKeHHA €BKJAHAOBOA
FEOMETPHH He YTO HHOe, KaK 3aKOHH ABHXKEHHS TBEPAHX Ten, TOria
KaK NPeAJIOKeHHA APYTHX reOMEeTpHA CyTb 3aKOHBI, KOTODHIM MOTJH
6Bl OLITE NMOAYHHEHH NpYrHe aHaJOTHYHHE Teja, KOTOpHe 6e3 co-
MHEHHSI He CYLIECTBYIOT, HO CyLIeCTBOBaHHe KOHX MOXHO _RONMYCTHTb
6e3 Toro, 4yTo6u 3TO NPHBENO K MajefiieMy NPOTHBOPEUHIO; TaKHe
TeJla MOXHO OBlJIO 61 Ka)Ke H3TOTOBHTb NPH XKEJaHHH... '

..J1H TNPOABHHYJ aHa/JH3 3HAauUMTeJbHO aanabiue. OH H3yyaJ, Ka-
KHM nyTeM MOryT KOMOHHHDOBaTbCA pa3JHuHHe BO3MOXHHE IBH-
JKeHHs HeKOTOpOfl CHCTeMB HJH, rosops obluiée, pasjHYHHE BO3-
MOXHBIE npeocbpa3oBaHus cpurypu Ecau paccmaTpHBaTh M3BecTHOe
Yuca0 npeo6pa3oBaHMil 1 3aTeM KOMOGHHHDOBATb HX BCEMH BO3MOX-
HBIMH cnoco6aMH, TO COBOKYNHOCTb BCeX 9THX KOMOGHHaUHMA cocTa-
BHT TO, YTO OH HasniBaeT rpynnofi. Kax<iofi rpynne cooTBeTCTBYeT
HEKQTOpas reoMeTpHs, H Halwla reOMETPHs, COOTBETCTBYIOIaf rpyn-
Ne NepemeleHNii TBepAOro Tena, ecTbh TOJLKO BeCbMa YaCTHHIH Noxa-
Xom» %,

OroxaecTBieHHe paa.nmmux reOMeTPHA C COOTBETCTBYIOLIHMH
rpynnamH npeobpasoBaHH#i, ocylieCTBAEHHOe B 6JeCTAIIHX paboTax
¢. Knetna u C. JIH, no3BONHAO clenaTb CAeAYIOIRHA war. Yects
clenylowero wara Bunana Ha nomo JI. I'nabGepTta, 0 ueM oueHb
XOpOUIO CKa3aHO B Y>ke LHTHpOBaHHON pabore A. IlyaHkape.

Onnako, xota 3acayra JI. I'nanbepTa BecbMa BesHKa, OH sIBJIsSET-
€5 €KJAaCCHKOM» reOMETPHH B TOM CMLIC/le, YTO CBs3LIBaeT rpynny
npeodpaaonamm BCer0 LpOCTpaHCTBa B ce6s. I10 OTHOCHTCHL H K
KnaccHuyeckofi Touke speHHa ®. Kaefina n C. Jln.

Janbuedimee passBuTHe TEOMETPHH CBA32HO C HMeHaMH 28 Cxoy-
Tena — 3. Kaprana c¢ oguoii croponn u O. Bebaena — ¢ apyroit.
[lepBoe HanpaBaenHe 3aBOEBaJIO WIHPOKOE NPH3HAHHE Cpelu MaTe-
MaTHKOB, BTOpOE HaIUJIO CBOHX NPHBepPXKeHUEB CPeAH HHXKeHepoB.
Mmu cosHaTeNbHO aCCOUHHPYEeM BTOpOe HanpaBJieHHe C HHXKeHepa-
MM, a He ¢ QH3HKaMH, XOTS BCeM NOHATHO, YTO KaXKAHH HHXeHep
HCNONb3yeT HMEHHO (H3HYECKHe 3aKOHW MNPH KOHCTPYHPOBaHHH
TEXHHYECKHX CHCTeM.

Xora npes rpynnu npeo6pa3oBaHHi CHHTE3HpPOBajsa M 060CILH-
Jla BCe NpeXKHHe NpeAcTaB/jeHHs O JABHXEHHH H KOHTPY3HTHOCTH,
XOTS OHa RaJla NPHHUNMN KJacCHOHKAUHH, KOTOPHH NO3BOJAA OXHHM
B3TNIS/IOM OXBaTHBaTb Bce Pa3HOO6pasne BaXKHEHIHX reoMeTpHH —

2 A Tlyauxkape. O6 ocHOBHHX runoresax reoMeTpHH.— OcHOB2HHR freq-
meTpHn. M., 1956, c. 452—453.
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9Ta HAes He OXBaThiBaja BceX reoMeTpHii. K HX YHCHY OTHOCHAHCH
Bce pHMaHOBH reoMeTpHH. Cnurtes niefi Pumana H KaefiHa 6uan
ocyulectnen f. Cxoytenom u 3. KapTaHOM: 06belHHAA B OQHOM
}l TOM e €BKJH10BOM (adHHHOM, MPOEKTHBHOM H T. A.) NPOCTpaH-
CTBe JBa CMEXHHX KYCKa PHMaHOB2Z MNPOCTPaHCTBAa, OHH BBOIART
Hnael0 eskaAngoBoll (adguHHOf, NPOEKTHBHOA H T. A.) CBA3HOCTH.
Tenepb nOHATHe TpynnNul ONHpPaeTCcs He Ha npeoGpa3oBaHHe BCero
NPOCTPAHCTBA, a TOIBKO Ha NMPOCTPAHCTBO COOTBETCTBYIOWiEf CBA3-
HocTH. [pyrofi nvTb noncka o60GIUEHHA IPJAHIEHCKOR NMporpaMsu
Onia u3Gpan O, Be6aenom. OH NPeANOXHA paccMaTpHBaTh reoMer-
PHI0 KaK 1.JPHIO MPOCTPAHCTBA C HHBApHAHTOM (IJH C «reOMeTpH-
YeCKHM OODBEeKTOM» — TepMHH, npelnomeHHHR 5. CxoyrerHom B
NPOTHBOBe~ :-pMHKY «HHBapHaHT» BebsneHa). [lpencraBasier HHTe-
pec Touka speHns O. BeGaena Ha noHaTH¢e HBapHaHT. «Bce,
YTO OCT3€TCA HEN3IMEHHBIM NPH Npeofpa30BaHNil KOOPAHHAT, Ha3bl-
BaeTcs ../iBapnaHToM. Tak, HHBapHai:: .\ ABAfSETCA TOYKA, & TaKkKe
KpHBasg A cHeTemMa Kr° LoiX. CTpoOro rosopsi, HHBapHaHTOM a7 Af-
eTCA TaKsie BCAKAR Bewb, HalPHMEP, PacTeHHE HJH XHBOTHN" He
BMeollee BOBCEe OTHOWEHHA X PaCCMaTPHBAEMOMY HaMmH Npoc™ -
cTBy. MnBapnaHT, cBA3aHHHIl ¢ NPOCTPAHCTBOM, T. €. CBUM<iul
npocTpaHcTBa, B caubicae § 1 ra. 11, Mp 6yleM HaswBaTh Takxe
reomMeTpHyYeckHM 06beKTOM... [lpyrue npumMepnl reom: .-
YeCKHX O0BEKTOB ¢ KOMNOHEHTaMH — adHHHBE CBA3SHOCTH P _H30-
ph Bcex poaoB» 3.

Mu ctapaanch 3adHKCHpOBaTh BHHM3HHe YHTATeNs Ha TO' 7O
H «pPacTeHHe 1Al HHBOTHOE» MOMKET CAYKHTb NPHMEPOM HHT. k-
T0oB. Teneps MB MOXEM NOKIHYTb MHP «4HCTOH TEOMET; :ii».

IpeawecTBylOUlee HINOKEHHE NOJKHO GLIJIO AaThb BO3MOXKHOCTb
nuxeHepy H OH3NKY YBHReTb 6OraTCcTBO JIOTHYECKHX TeOpH#, fB-
AAOUKXCA HENPOTHBOPEUHBHMH MAaTEMaTHYECKHMH TeopHaAMH. Pai-
JANYHe MAaTeMaTHYeCKHX TEeOpHil MOXeT pacCMaTpPHBATLCH KakK pas-
angHe <«reometpinils. CaMH reoMeTPHH MOryT TPaKTOBAaTbCA Kak
rpynnu npeo6pa3oBaHHi ¢ HHBApPHAHTOM. ITH PyH-
AaMeHTanbHble MOHATHA MB BHIEAMM: 1) rpynna; 2) npeoGpasoBa-
HHe; 3) HHBapHaHT.

Ha 6a3se 3THx noHATHI, 06pa3yioliuX U EeJAOCTHOCTD reoMer-
PHH WJHM MaTEMaTHYECKOH TEOPIlH, H CO31aJ CBOX BeTBb TEH3OPHOro
anaausa cereft I'. Kpon*, OTHOCATCA OHH TOJBLKO K AaTeMaTHKe.
Ecan 3TH Tpu TepMHHZ IONOAHNTb. YeTBEPTHM «(dH3HYeCKas BedH-

1iHa>», TO Mbl COBEDLIHAl nepexo] OT MHOXeCTBa reome'rpm”i K MHO-

MecTBy pusuk. Hcenoapsys yersepThi TepMHH, MB NOJy4YaeM Onpe-
nenexnHe He OAHOIT #53 reoMeTpiil, a onpelesjeHHe OLHON 13 PHIHK.

30. Be6nren, Ox. Yainrtxeld Ocxosanna anpdepeHunanbiol reomer-
pun. M, Han-s0 nnoctp. ant., 1949, c. 70.

4 Cu. G. Kron. Non — Riemannian dynamics of rotating electrical machi-
nery— J. of Matihematics a. Physics, 1934, v. 13, N Z, {) 103—194; G. Kron.
Tensor analysis of networks. N.-Y., 1939; . Kpou. lHcenesosanne croxrux
cHcTeM no yactaM — ausakontura, M., «Hayxkas, 1972, | )
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Tpynna rnpeo6pa3oBaHui, HMeloWas onpepe-
JEHHYI OGH3HYECKYIO BeJHUYNHY HHBADHAHTOM—
€CTb ONRA H3 PH3HK.

ViHBapHaHTOM (PH3HYECKOM BeJYHHBl NMPHHATO HA3LBaTb 3aKOH
-COXPaHEeHHA onpeleneHHOA PHINYECKO BeAHYHHDI. ‘

Tenepb MW A0NXHW O6paTHTL CBOe BHHMaHHe Ha NOHCK CHCTeMbl
$u3NYeCKHX BeJHUYHH, JTa CHcTeMa ¢H3HYeCKHX BEJNYHH, eC/IH OHa
6yXeT onpejesieHa NPaBHJbLHO, NOJXkHA NMOPOMKIAATL CHCTEMY 3aKO-
..HOB H3HKH, HOO MHBADHAHTHOCTb 3THX (H3HYECKHX BEJHYHH H
°.." COOTBETCTBYET SaKOHAM COXPaHeHHA.

TeopHs pasMepHOCTef COJAEPIKHT BONPOC O UHCJE OPTOTOHAJb-
HHX napaMeTpoB H3MepeHHA ¥ Mepax MX cooTHowenni. Paspabo-
TaHHHMA ANA OTAeJbHHX AHCUHNAHH HaVKH, OH He onpejensieT OLHO-
3HayHOro BHGOpa NEPBHYHHIX eNHHNHU 06JacTH 11 He OObeLUHHSET

TIOHATHA H HX BEJHYHHH B €AHHYIO CHCTeMY, NMO3BOJAIOILYI0 YcTa-
HOBHTH OOGINYI0 32KOHOMEDHOCTb COOTHOIUEHHM KaK 32KOHOB NPHPO-
Zu. KpoMe Toro, nossasiomwuecs B HopMynax pasmepHoctefi apo6-
Hhle NMOKa3aTeMH MPH HCNONbATLaiHH NEPBHYHLX BeaHyHH [LMT]
JHiIeHBl LCAKOTO (H3HYECKOTO CORepXKaHHA H JIOPHYECKOro CMHICJa.

B KuneMaTHueckol cucTeMe H3amepeHHA [LT] nepBHuHOR enuHH-
1efl ABJAAETCA KBaHT NOJA, PAAHYC MHPOBOR WHBEDCHH NpPOTSXEeH-
HOCTH | W JJIMTEILHOCTH !, onpelessneMbli 3KCNEPHMEHTAJbHO ¢ 60J1b-
wed craneHblo TOYHOCTH. OO603Havas (yHAaMeHTalbHOE OTHOILEHHE

-l paodoe P-1HYMHe ¢ _aMeHTANbHOK cxopocTH, Oyxsofi C, nmeeMm
CLCAVIOWYR 6Ly CipYKTVPHYIO QODMyJy BceX (QH3HYeCKHX Be-
JIMURH! ‘

D™ =C T =L T" Y,

rie D™ — nuMeH3HOHANBHMIH O6BEM (H3MYECKOR BEeNMYHHBL 3, —
cyvMMa nokasaresiefi B ¢opMyne pasmeproctefi; T — paauxan paamep-
HOCTEl; n ¥ y — LeNble Yyneaa. Takas KHHeMaTHYecKaf cHcTema ou-
3HYECKHX BeNHYHH, KOTOpas ONHpAeTcs Ha JBe OCHOBHHIX €NHHHIbL
(KaX#af H3 KOTODHX KBaHTYeTcd) — Ha eIWHMuy anuubl [L] u exu-
Huuy Bpemern [T], Onina npennoKeHa OZHHM H3 aBTOPOB Hacrosimeft
cratb® (cM. Tabanuny). XoTA NOHATHe IJHHA H He MNpeamnoJaraer
HanpaBJieHHe, TEM He MeHee B KHHeMaTHUeCKON cHcTeMe (U3UUecKuX
BEJIMUKHH NIPENNOJaralorTcs BeKTOPHble (OPHEHTHPOBAHHBIE) BEJHYHHBL
ANHHB H BpemeHH, obpa3symouHe LecTHMepHoe MHoOroobpasue. 3To
©O3Hayaer, 4TO C KakIblM H3 TPCX NPOCTPAHCTBEHHWIX HanpasjeHul
acCOUMHPOBAHO ¢Boe COOCTBEHHOE OpHEeHTHpOBaHHoe Bpems. I[lpome
BCEr0 O3HAKOMHTbLCS C HOBBIMH NOHATHAMH, €CJH paccmorperb dop-
MajbHYI0 3alHCh AR KHHEMAaTHKH IBHXKYyllefica Toukn. [Ipofinennstit

$Cwm.P.O.nu Baprunu JHoxn AH CCCP, 1965, 1. 163, Ne 4; P. O. nu
Baprunun. CooTHOWeHNs MeXAY (H3HYECKHMN BeAHYiHaMu.— ITpoGaemut Teo-
PMI rPasHTaUNH H 3JeMeHTapHbIX YacTHU. M., «cAToMH3naT», 1966, ¢, 249—266.
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TOYKOR NyTh B OJHOMEPHOM IBIDKEHHH MOXHO [Ipe  aBuThb Gec-
KOHEYHLIM CTENEHHBIM DARLOM:
S(t)’ao'{"alt—:'a!tz'*-asts-*- Y

Tae S(f) — npofileHHHIR TOYKOR NyTh; @, — Haya’TpHOE CMCILEHHe;
‘@, — CKOPOCTb JIBHMKEHHS TOYKH; d, — YCKOPeHHe TOUKH; Qa; — H3Me-
HeHWe YCKODEHHS TOYKH H T. X.

Ecan Oor 0O1HOMEDHOTO HBHXKEHHS TOYKU MEPeHTH K TPeXMepHOMY
TIPOCTPAHCTBEHHOMY JBHIKEHHIO, TO OSuf BHA YpPaBHEHHN ABHXEHHA
He M3MEeHHTCs, a TeKylqHe HHAeKCH Oynyr npoberaTtb TPH SHaueHHS

KAK NO NpOCTPAHCTBEHHHIM KOODAHHATEM, TaK H IO KoOpAHHaraM
BPEMEHH:

S () =a® 4-af 1P+ afy P ¥ by P 1V 104 .,

TIe af— CKOPOCTb IBHIKEHHS TOUKH; ag, — YCKOpEHHe TOUKH, agyo—-

‘M3MEHEeHHe YCKOPeHHS TOYKH M T. &. @, B, ¥, 6=1, 2, 3.

AHanu3 pasmepHocTefi NO3BOJIAET YTBEPKEATh, YTO KAMIAMWA TepM
fIpaBOR YacTH HMeeT pPasMepHOCTh RJIHHH, a Ko3p¢HIHeHTH — pas-
MepHocTb [LIT"], rme n ecThb YMCJIO KOBAaPUAHTHBIX HHIEKCOB.

Beesnennoe 1uecTHMepHOe MHOroo6pa3se € CaMOro Hadala He
TpeanoJjaraeT paBEeHCTBA MacwWITab0B «IONepeYHOro» M <«NponOJ/ib-
HOrO» BpEMEHH, T. €. B HeM HCKJIOUaeTCs THInoTe3a O CYWIeCTBOBa-
HHH abCONIOTHOrO CKansipa, Ha3biBaeMOro «BpeMeHeM>.

CooTBeTcTBHEe BBOJHMBIX NPEACTABNEHHN «AYXY BpeMEHH» MOX-
HO NPOHANICTPHPOBAThL nosnuueli I'. Xantau. Ecan Teno aeHxercs
napaajenvio ocH OX B npsAMOYroJbHON cCliCTeMe KOOpAHHAT, ero
, JIRHEHHBI1 pa3Mep BAOAb 3TOM OCH, 0603HauYeHHB Kak [L:], cBA3aH
€ CONpOTHBJIEHHEM TPEHHS M BA3KOCTbIO cpeanl. [lonepeunnie pas-
Mepuw (L] u [L,] npAMO CBR3aHH C NAOTHOCTLIO CPelbl ¥ He 3aBH-
CAT OT BA3KOCTH. MOXHO NOKa3aTh, YTO TaKoe NDHIAHHE BEKTOP-
HOTO XapaxTepa $aKTOpaM KOH(HIypamHH Tejla NO3BOAsSiET HAHTH
TOJHOe peuleHHe 8ajay, AJs KOTOPHX paHee aHAJH3 pasMepHOCTeH
JAaBas JHWb yacTHuHoe pewenHe® I. XanTam uamocrpupyer He-
TI0/b30BaHKe BEKTOPHHX AJHH Ha NMPHMEpPaxX H3 CaMO/1eTO- H PAKeTo-
<TpoeHHs. HeTpyAKO BHAeTh, YTO npefioxeHHe XaHTAH MOXeT pac-
CMaTpHBaTLCA KaK YacTHHWA cayyal BBEJEHHOTO HaMH LuecTHMep-
"HOTO MHOroo6pasHsi.

INpouaniocTpupyeM poab cHCTeMb (H3HYECKHX Be.IHYMHH B BHI-
AeNeHHH TeX HJH- HHBIX KJAaccoB (PH3HUECKIIX SBJEHHH, KOTOPHE MH
H OTOXAECTBASEM C YAaCTHHIMH ¢H3HKaMH. (MoxeTr OblTb, TouHee
6nn0 6nt roBOPHTL 06 YPOBHAX OTOOpaXkeHns (H3HYeCKOil peanb-
HocTH. OlHaKO HCTOPHYECKH CJIOXHBIUZACH H eille COXpaHAIoWaACs
TEPMHHOJIOrIISl — «YaCTHAS TEODHA OTHOCHTEJNbHOCTH® H T. [H.—
JAenaer nofofHoe caoBoynoTpe6GieHHe Ha CerofHs NpHeMJeMhM,
JTpum. ped.).

PaccMoTpuM knace ¢u3Nyecknx sBjeHHf, KOTOpHIl XapaKTepeH

¢ Cu. T. Xautan. Ananus pasmeproctefi. M., «Mnp>, 1970.
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TeM, 4YTO CKOPOCTb K.__<HEHHS NJOWAAH ABJAETCHA TIOCTOSHHON Be-
JHYHHON. JTOT KJacc ABJeHHil B cBoe BpeMs 6na ycTanoBjaed Ken-
aepoM B ¢opme: «Paznyc-BeKTOp NaHeTH 3a paBHHE NPOMEXYTKK
BpeMeHH ONKCHBAeT PaBHHe Njomlazu». PaccMOTpuM psaf, Xapak-
TEePH3YIOILHIT H3MEeHeHIle NJOWAAll BO BpEMEHH, B BHie:

S (f)=a% %P Yo% Y 10 L,

rze S* (f) — MeHsIOWaACA CO BpeMeHeM NJOWIAaAbL, a°f — HayaabHoe
sHayenne njomanu; a*?,-— cKOPoCTb H3MeHeHHs NJIOWIANH; a®y —
«yCKOpEHHe» W3MeHeHHs nJoWanu ¥ T. A. @, P, y, d=1, 2, 3.

BuitenuM B uncie Ko3bGHUHEHTOB pPAA2 CKOPOCTh H3MEHEHHTE
NJIOWAAH H NPHPABHAEM 3TOT YJeH NOCTOSHHOM:

a®, = const.

IlepeneceM MoOcTOsIHHYIO B /1€BYIO YacThb:

a??v — const =0,

33M_EHHM BhIDa>xX€HHE B JIeBO YacTH OXHHM CHMBOJIOM:
w=0.

310 ¥ ecTb He YTO HHOe, Kak 3akoH Kensepa B TeHsopHOH c¢opme.
EBxanaoBa reoMeTpHsi, NOCTPOeHHas Ha rpynne ABHKeruit abcomor-
HO TBEpPAOro TeJa, XapaKTEePH3YeTCa HHBAPHAHTOM PaCCTOAHHA MEXAY
DBYMSl TOYKAMH. '

YTBepkiieHHe MoxeT OHTb 3anHCanO B BHIe:

ve=0,

rie W® u ecTp MHBapHaHT pacCTOSHHA MeXILY TOYKaMH TBEpAOrG
Tena. A

Koraa MH nepexoauM B knacc H3HYECKHX fABJEHHA, HasLiBae-
MHA THAPOAMHAMHKOR HeC:KHMaeMoll MXHAKOCTH, TO, HeCMOTPH Ha
TO, YTO H3 HHBAPHAHTHOCTH PACCTOSHHS MEXAY ABYMS TOYKaMH cle-
AyeT HHBAPHAHTHOCTL 06beMa, M He MOXeM COXpaHfiTbh HHBapHaH-'
Ta eBKJIHAOBOH reoOMeTpHH. MK NOCTy/JiHpyeM HHBapHaHTHOCTb 00b-
€eMa, HO OTKa3hBaeMCsl OT NOCTyJaTa HHBApHAHTHOCTH PACCTOAHHST
MeXJay ABYMS TOUKAMH JKMAKOCTH. 3TOT NOCTYJAT Mbl 3aMICHIBaeM
B BHAE:

Wb g,

rie WM y ecTh MHBapHAHT O6bBEMA HEC)KHMAEMOH XKIIKOCTH.
Bunenss kaerky tabanuml ¢ pasmepHocTbio [L37-2], Mbl noay-
YyaeM 3aKOHH COXPaHEHNA Macchl, 3apsifa, «MaCHHTHON MacCh», W,
KpOMe TOro, H3BeCTHMII 3aKOH Kenaepa, cOrjlacHoO KOTOpOMY «OT-
HOWeHHe Ky6a pajuyca njaHeTH K KBalpaTy NepHola O6pallleHHS
€CTb BeJIHYHHA NOCTOfHHaA». Bhilensas KJETKY C pPa3MepHOCTHIO
[LAT-3], MBI nosnyvaem 3aKOH COXDaHEHHA KOJHYECTBa ABHXKEHHS
(eMnyasbca). Buaenas kneTky ¢ pasmeproctso [L37-3], Mu rony-

63



YaeM 3aKOH COXPaHeHH MOMEHTa KOJHYecTBa HB  HHf (MOMeHTa
HMnyabca). Builensis kneTxy ¢ pasMepHocThio [Z-7—4), MH noJy-
YaeM 3aKOH COXPaHEeHHA SHEPTrHH. BHeass KAETKY C Pa3MepHOCTLIO
[L3T-%], Mut monywaeM 3aKOH COXPaHEHHS MOLIHOCTH, KOTOPHA OHJ
#3BecTeH eme Jx. Makcsenny.

Hexortopne 3aMeyaHHs 06 <«OPHEHTHPDOBAHHOM BpEMEHH» H
<OpDHEHTHPOBAHHOR BpeMEHHOA NJOImafH» MOTYT OKa3aThCs NoJes-
HHMH JJI8 JajbHeflIero pasBHTHA (pH3HYecKHX HIeA. B kieTke
Tabauubn ¢ pasMepHOcThI0 [L37-2] pasMemaercs HeCKOJBLKO pas-
JIHYHRX GH3HYECKHX BeJHUHH, KOTOpHE He aJAHTHBHH: Macca, 3Jek-
TPHYECKHH 3apAl H «MarHHTHas maccas». ORHaKO B 9TOH KJeTKe
CTOHT B 3HaMeHaTese BHIpaXieHHe [/AS «OPHEHTHPOBaHHOHA BpeMeH-
HOA nuomanH». COCTaBAAA NapHue MNpPOH3BeNEHHA H3 TpeX Bek-
TOPHHX BpeMeH, MH [OJYYHM TPH pa3JH4YHHE BpeMeHHHe <«mjo-
UWaju», KOTOPHE NO ONpeleseHHI0 OPTOTOHAJbLHW IPYr K APYry H
NOTOMY He CyMMHpYeMH:

[tutv]: [tutw]; [tviw].
STa «He3aBHCHMOCTbY TPeX ODHEHTHPOBaHHHIX BPEMEHHHIX MJO-
lajiei 0cO6EHHO AICHO BHAHA M3 aHa/JKsa npobieMun B3aHMOEACT-
BHS, TaK Kak «(pHIHYECKOe BpPeMA» MH BCEria onpenenseM H3 ABH-
KeHHRt HJH B3aHMozehcTBHA. OueBHAHO, YTO B3aHMOZeRcTBHE ABYX
MaTepHaJbHHX TeJA AONYCKaeT TPH BHAA HE3aBHCHMOrO B3aHMO-
JeACTBHA: o - :
a) BaaHMofeficTBHe Mace

Fi=v

M"m"
n’

6) B3aHMONEACTBHE HX SJIEKTPHYECKHX 3apsiA0B

€;-¢s
L]
.ery -

F2='j:

B) B32aHMOJeACTBHE 11X ¢MarHHTHHX 3apAl0BY

Fym g MiMs

- . ,- prt . :
DTH CHH B3aHMOJEACTBHA CYMMHPYEMH, HO 3HaYeHHs MAccHl, 3JeK-
PPHYECKOrO 3apAa H ¢MAarHHTHOTrO 3Sapsla» KaXJOoro Tesa MoOryr
HMSMeHATbCA HE3aBHCHMO IPYr OT jpyra. 3anuiueM 3TH TPH He3aBH-
<CHMble CHJIN B3aHMOJEACTBHS IBYX T€l B CHMMETPHYHOHR (opme:

€6y, - M;-M,

3 (nir)?

=m,-m,, —
YUt T (e

The y‘:l/—l—; el=Ve u p1==Vp. s
TlocKONbKY HaM XOPOIIO M3BECTHO COOTHOLIEHHE
Cr=—

Eolko
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MBl MOXEM I0JIOXK:~» «CHMMeTDHYHO®, 4TO C=—i5=—l—
TOrAR :
Cr=-=l y [ert)=[L'T]=[pr2).
es p.'.'

«OpHeHTauHA» ANA CKOPOCTH CBeTAa KAK XOPHEHTALMs BeKTOpa» —
Belllb H3BeCTHasA. B sHaMeHaTese KaX10fl H3 CHMMETPHYHO 3alHCaH-
HHX (OPMYJA NPHCYTCTBYET BhipajkeHHe AJI OPHEHTHPOBAHHOIlI CKO-

POCTH, YTO II COOTBETCTBYET XOPHEHTHPOBAHHOMY» BpPEMEHH.
[Tepexoas k pacnpenesneHHo Macc, Mbl MOXKEM 3amHcaTb Buipa-
AeHHe AJA 3HepriiH B3aHMOIEiICTBHA KaK B3aHMoAeliCTBHR Tea,
ofaapampowix Mmaccofl, HrHOpHPYs pacnpefesieHHe 35JEKTPHYECKHX
. 3apAJOB H «MAarHHTHHX 32paR0B». [10406HYIO NpoUEeAYPY MOXKHO BhI-
NOJHHTb H MO TNOARM 3JeKTPHUECKHX 3apsAJloB H MarHHTHHIX 3apf-
J0B, HO Ka¥Awd BuA mnoas O6yaer o6fhafaTb cBOoeH METPHKOH H
XapaKTepH30BaTbCA CBOHMM MeTpHuYecKHM TeH3opoM. Onpenennm
YHCJO ITHX «MeTpiiK». MeTpHyecKHA TeH30p Macc O0G03HAYHM £ o,
MeTPHUYECKHII TEH30p "3/IeKTPHUECKHX 3apfAaoB Ssy H MeTPHYECKHH
TEH30p «MarHHTHBLIX Macc» lgn. B napHeX B3ahMoAeficTBHAX moJeil,
NOCKOJNbLKY COXPaHAeTCA «O0Was 3HEPrHA», a He 3HEPrHs «MeXaHH-
YyecKad» HJH «3JIeKTPOCTaTHueCKas», HHBaphaHTOM O6yleT «CBepXx-
MeTpHKa» ReKapToBa NpOH3BeleHHR ABYX METPHYECKHX TeH30pOB.
Takux «cBepxmeTpuKk» 6yler TPH: Lag XSsy: Lap Xloni Ssy Xlon.
Ilepexon oT «ckopocTefi» Macc, 3apslOB H MarHHTHHX 3apAlOB K
0000IMeHHEM KOOpAHHAaTaM H Tpe6yeT BBeJeHHS TPeX He3aBHCHMBIX
OpPHEHTHPOBaHHBIX BpeMeH. OObUHOE CKAJsIpHOE ODHEHTHPOBaHHOE
BpeMs, KOTOpOe HMeeTCss HaMH B BHAY, MOXHO pacCMaTpHBaTb
KaK OpHeHTHPOBaHHLI{l, «BpeMeHHOH of6beM», 06pa3yeMbli CMelIaH-

HhIM BEKTOPHMIM NPOH3BeleHHeM TpPeX BpeMeHHbIX BEKTOpPOB.

BceM H3BeCTHOe HepaBeHCTBO «INPOJOJILHOIO®» H &MNONEPEYyHOro»
BpeMeHll B PeNATHBHCTCKOIN RIHaMHKe Yyxe Tpe6OBano OTKasa OT
«CKaJISpHBIX MOJeneli» BpeMeHN. B npuBeneHHOM Bbllle H3JIOXKEHHH
570T axT, npoTHBOpeYallyil NOCTyJNaTy CKaJsipHOrO BPEMEHH, HC-
nosb3yeTCA B KayecTBe akcloMul. Mb npHHHMaeM cpasy, ¥yTO mac-
wTabLl BpeMeHH N0 TPeM HanpaBJeHHAM KOOPAHHATHHIX OCeil MOryT
OblTh pa3JHuYHBLIMH. EcTecTBeHHO, 4TO 3TO (OPMaAJbHO O3Hauaer
OTKa3 OT «OJHOPOAHOCTH» NMPOCTPAHCTBA, YTO OYEHb YACTO HMeEeT
MEeCTO B TEXHHYECKHX NPHJIOKEeHHAX.

PaccMoTpeHHble HaMmli NpHMepHl MNpecelyioT UeJb NOKa3aTb
BC3MOXHOCTbL (OpPMHPOBaHIIA HOBOrO HayyHOro HanpaBieHHR, 3Ha-
yeHlle KOTOPOr0 Kak AJf peuleHHS NPHKJAaAHBbIX 3anay, Tak H AAA
pasBITiA TeOpUH TPYAHO NEpeoueH!iThb.
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