dnsunka, Kak reomMeTpmyeckas HeO6XO,£I,I/IMOCTb:D.
ApTyp Xaas.

CTapuHHOe n3peyeHue, npunucoiBaemoe MnaToHy, rnacut, YTo reo-
MeTpua ecTb wu3n06neHHOe 3aHATMe Bora, a OCHOBO Bcex Belleil elye
nugaropeiubl cunTanm yucno. B 060Mx 3TUX YTBEPXAEHUAX HAXOAUT CBOe
BblpaXXeHUE CTpeMeHue, CTO/b XXe [peBHee, KaK U caMa Hay4yHas (usnka.
3T0 CTpeMfeHWe—paccmMaTpuBaTbh Kak MaTemMaTUYecKyld HeobXoaMMocThb Te
.3aKOHOMEPHOCTM, KOTOpble BHUMAaTe/bHbIi HabnwaaTens NpUpoabl Nerko
OTKpbIBaeT cpean pasHoo6pasus SBAEHWIA 4YYBCTBEHHOrO MUpa.

Hepeako 3T0 cTpemieHue NpPUBOAMIO K HauWBHbIM MUCTUYECKUM 3a-
6nyXaeHnsaAM, Korja nbiTafncb YyCTaHOBWUTbH COOTHOLWIEHWE Mexay (usnde-
CKUMUN ABAEHUSMU U 0COOLIMU CBOWCTBAMMW OMPeeNeHHbIX YUCeNn WAN Teo-
mMeTpuyeckux ¢uryp 2. C Apyroi CTOPOHbI, OHO B€NO K MNAOAOTBOPHLIM W
BaXHbIM paboTam, 6narogaps KOTOpPbIM yAanoCb B 3HAYUTENbHOW CTEMeHU
nepepaboTtaTb, CMCTEMATM3MPOBaTb W MNOMOAHWUTbL (U3MKY, BBOAA B Hee
mMaTemaTWyeckuidi MeTod. Ho BEHLOM 3TOro CTpemMieHWs ABUIOCb MNpU3Ha-
HUe, YTO He TONbKO (PM3MUYecKMe ABMEHWS MOryT ONUCbIBATbCA MPWU MOMO-
WM mMaTeMaTvKW, M MaTeMaTuka HaxoAWT NPUIOXKEeHWe B (PU3NKe, HO 4TO
mMaTemMatMka M (u3nkKa B CaMON CYLLHOCTU CBOEW efWHbl, YTO OHWU OT/M-
yatoTcA He 6ofiee, YeM [Ba pasniMyHble A3blKa, 06a MOryuwue CAyXuTb ANA
ONMCaHNA OLHUX U TeX Xe NpeamMeToB; APYTrMMU CNOBAaMU—YTO B CUNY FeoMme-
TPUYECKON HEOOXOAMMOCTU MUP, aHHbIA HaM, KakK peanbHOCTb, 06HapyXu-
BaeT SBJEHUSA TATOTEHMA U 3NEKTPMYecTBa, a TakKXe MarHeTusma, CBeTa,
ABVXXEHUA 1 Tenna.

K 3TUM BeNMYeCTBEHHbIM W B BbICLUEH CTENEHW BaXXHbIM ANS HaLlero
00LLero MMPONOHMMaHWA MpeACcTaBNeHUAM TeopeTuyeckas pusnka npuwna
3a nocnefgHue rogbl. HoBble uAen BO3HUKAW Ha MOYBE O4HOTO W3 BeNU-
Yanlwunx TBOPEHWUIN 4YeNO0BEYECKOro AyXa, TeOpUM OTHOCUTENbHOCTMW, OCHOBAH-
HOM OMHWTenHom B 1905 rony.

MoBOAOM K YCTaHOB/IEHUIO TEOPUU OTHOCUTENbHOCTU MOCAyAWwna 3Ha-
MeHuUTas gunemma. M3 (opmMyn Tak Ha3blBaeMOW «KNaCCUUYECKOW» (PU3UKK
cnefoBano, YTO ONTUYECKME SBMEHUS Aal0T BO3MOAWOCTb YCTAHOBWUTH abco-

* Peub B thunocockoMm obuiecTBe BeHCKOro yHuBepcuTeTa.
*) Tak, Hanpumep, Kennep uckan cBA3b MexXAy PacCTOAHWAMMW LlWaHeT OT COMHUa W
EY/CNEHHbIMW COOTHOLIEHUAMWU NPaBUbHbLIX Ten.
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NHOTHOE [BMKEHME, TOTAa KaK M3 MexaHW4YecKnX Ccoo6paxeHuin camo MOHSA-
TMe abCoNOTHOrO ABMXEHWS OKasblBasoCb JMULIEHHbIM CMbicna. [eicTeu-
TeNbHO, €CAN Mbl MPEAMNON0XUM, YTO CBET PacnpoCTpaHAeTCs OTHOCUTENbHO
KaKon-nnbo cucTembl KOOPAWHAT pPaBHOMEPHO, T.-e. C OAHOMN W TO Xe
CKOPOCTbIO MO BCEM HanpaBfieHUAM, W BOO6pasMM BTOPYH CUCTEMY KOOpAu-
AaT, HaxogAwylcs B ABUXEHUW OTHOCUMTEbHO MEPBOA, TO HAa OCHOBaHUM
(hOpMyn Knaccuyecko (uU3NKM pacnpocTpaHeHMe cBeTa OTHOCUTENIbHO 3TOW
BTOPOI CUCTEMbI HE MOXeT ObiTb paBHOMEPHbIM, T.-€. HEe MOXEeT COBep-
WwaTbCsA C OAMHAKOBOW CKOPOCTbLIO MO BCEM HanpasneHusMm. OTclofa cnegyer,
4TO MbIC/IMMA MOCTAHOBKA KaKoro-HMbyab OCTPOYMHOIro OMTUYECKOro OnbITa,
KOTOPbIA A0/MKeH 6bln 6bl 06HAPYXXWTb B [OCTAaTOMHON Mepe BAUAHMWE
COOCTBEHHOrO [ABV>KEHUA 3eM/U; 04HaKo, Korga MalikenbcoH (Michelson)
OCYLWleCcTBUN TaKoli TpyAHbI onblT (1881), oxunpgaemoe BAWUSIHUE He OOHa-
PY>XWNOCb HW B Maneilweid cTeneHn. ITO OTKPbITUE YPE3BbIYANHO CMYTW/O
hM3MKOB, XOTA a priori 4ONNWO 6blN0 Ka3aTbCA BeCbMa HEBEPOATHbLIM, YTOObI
B KaKol-HUOyab oTpacnn hU3MKN—UMEHHO B ONTUKE—MOr10 6biTb 06Hapy-
XXEHO abConTHOE [ABUXEHUE, Torga Kak B APYroi—MexXaHWKe—OHO He
nMeeT cmbicna J).

Mepen TeopeTuyeckoin (hM3MKON BCTana TpyAHas 3agada—YyCTpaHUTb
NpoTMBOpEYMe, BO3HMKLIEE TakMM 006pa3oM MeXAy OMbITOM WM KNacCU4YecKOoi
Teopuei.

BnepBble ee NOJHOE pelleHne OblI0 YKazaHO reHnem diWHWTelHa,
KOTOPbI/ BCKpPbIN Cyl,ecTBOBaHWe OJHOro npegpaccyfka, cTofb rNy60Ko
YKOpPEHUBLIErocsd B (M3MKe, 4YTO OH 0CTaBanca COBEPLIEHHO He3ameT-
HbIM,—MWMEHHO npejpaccyfka CyL,ecTBOBaHMA abCOMOTHOrO BPEMEHM.

B ¢u3amueckmx ¢opmynax BbICTynawT, BOOGLLe FOBOPS, 4YeTbipe Hesa-
BUCMMbIE MEPEMEHHbIe: TPW MNPOCTPAHCTBEHHbIE KOOPAWHATHI W BpeMSs.
Ka3anocb COBEPLIEHHO CaMOOYEBUAHbLIM, YTO MNPOCTPAHCTBEHHbLIM KOOPAM-
HaTaM MOXHO MPUNWUCbIBATb /Wb OTHOCUTENLHOE 3HAaYeHMe; HO 4TO Ka-
caeTca BpeMeHM—O06 3TOM He BO3HWKANo W MbICAK.

OMNHWTEeNH BNepBble yKasas, YTO AaHHble BPEMEHU COBEPLUEHHO TakK
Xe, KaK M NpPOCTPaHCTBEHHbIE KOOPAMHATHI, MPX MOMOLLM KOTOPbIX Habto-
patenb OnucbiBaeT (U3NYECKME MPOLECChl, CYTb HEYTO OTHOCUTENbHOE.
To npoTuBopeune Mexgy OnbLITOM W Teopuei, 0 KOTOPOM Bbille LA peysb,
paspelaeTca 6e3 BCAKOro Tpyfa, €CiM NPUHATb, YTO BPEMSA, K KOTOPOMY
OTHOCMT COObITUA 3eMHOI1 HabnoaaTeNb, BOBCE He AOMKHO OTOX/AEeCTBAATLCA
CO BpPeEMEHEM, K KOTOPOMY MpMypoYMBaeT Te Xe co6biTUS ApYroil Habnwpaa-
TeNb, HaxogAwwmincs Ha conHue. OnblT MalikenbCcOHa MoOKasbiBaeT, YTO
Mexnay 060MMU 3TUMU PasNNYHbIMU BPEMEHaMU HeobXOo4MMO [O/HKHO cylle-
CTBOBATb W3BECTHOE COOTHOLIEHWE, BblpaKaemoe NOCTYNaTOM OTHOCUTENbHO-
cTU. IMeHHO, 06a Habnwpgatens, XotTa U ABUXYLMECA OAWH OTHOCUTENIbHO
4pYroro, AO/MKHbI MMeTb BO3MOXHOCTb C OAMHAKOBbIM MPaBOM YTBeEpXAaTb,—

4 Cp. QWHWTeWH. CneunanbHbll 1 06WMIA NPUHLMA OTHOCUTeNbHOCTM (06wiefo-
CTynHoe usnoxexwue,). 1]cpenoa. C. V. BaBunosa. Metporpag, 1921.
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KaXbliAi CO CBOEM TOYKM 3peHUs,—u4TO CBET pacnpocTpaHseTca BO BCe
CTOPOHbI C OfHOMN W TOM Xe& CKOPOCTbI, €CNWN TONbKO BblpaXaTb 3Ty CKO-
POCTb B UX OTHOCUTE/bHbIX MPOCTPAHCTBEHHbLIX KOOPAMHATaX W WX OTHO-
CUTENIbHOM BPEMEHMU.

Mpu3HaHMe OTHOCUTENLHOCTW BpeMeHU MNpeAcTaBiAseT TeopeTUyeckoe
OTKPbITUE MEPBOCTEMEHHOr0 3Ha4yeHUs, HO ewle 6onee rNy6OKWIA CMbICA €ro
6blN BNepBble yKa3aH FeTTUHTEHCKUM MaTeMaTUKOM MUHKoBCKuUM (Min-
kowski, 1908). iMeHHO MM HKOBCKMWA Hawen, YTO Bbipaxaemas noctyna-
TOM OTHOCUTE/IbHOCTU CBA3b MEXAY OTHOCWMTE/IbHbIMW MPOCTPAHCTBEHHbLIMU
KOOpAMHATAMW N OTHOCUTENIbHbIM BPEMEHEM MOXET 6biTb MHTepnpeTupoBaHa
reoMeTPUYECKN B TOM CMbIC/E, YTO BPEMS, YMHOXEHHOe Ha CKOpPOCTb CBeTa
M Ha MHUMYK eAWHWLY, W NPOCTPaHCTBEHHbIe KOOPAMHATbl COOTHOCATCH
MeX[y CO60M TaK e, KaK 4YeTblpe KOOpPAMHATbI YeTbIPEXMEPHOW reomMeTpun :).

UTo6bl cpenatb 60/see MOHATHLIM 3HaYeHWe MblCAM MU HKOBCKOT O,
OCBEXWUM B NaMATU OCHOBHble NpeACTaBNeHUA aHaNUMTUYECKON reoMeTpuu,
TBOpeHus Benukoro dunocota LekapTta (Descai'tes). Bcakuii, KTo Korpga-
nMbo 3aHMMancs aHanMTUYeCKON TreomeTpuein, XoTa Obl Ha MAOCKOCTH,
Nerko BCMOMHUT, 4YTO €CAM Ha MAO0CKOCTW faHa Kakas-Hubyab Kpusas,
Hanmp., 3AAUNC, TO €6 aHaIMTUYECKUM BbIPAXEHWEM CAYXMUT ONpefeneHHoe
ypaBHeHne. OHO yKa3blBaeT «(YHKUMOHaNbHY 3aBUCMMOCTb»., CBSI3bIBAIOLLYHO
Mexay coboli 06e KOOpAMHATbI KaXAol TOYKM KpuBOiA. Ho BCsKWIA,
3aHMMaBLWIWACA aHaMTUYECKOW reoMeTpMeil Ha MJIOCKOCTW, 3HAeT Takxe,
YTO aHanuMTUYyeckas TreoMeTpus MNOKOMTCA Ha TOM, 4TO O06WMiA  BuUA
Takoro YypaBHEHWUS He MeHseTCA, eCciu Mbl NMPOWU3BOJIbHO BbIGpPaHHYK Ha
NOCKOCTU YepTexa MNPSAMOYTONbHYK CUCTEMY KOOPAWHAT 3aMEHUM KaKoW-
nn6o Apyroi NpsAMOYronbHOW KOOPAWHATHOW cucTemoii. MaTemaTMku roso-
pAT (M 3TO BbIpaXeHMe B CUMY BbIWEN3NOXKEHHOTO NOHATHO 6e3 pasbAc-
HEHWA), 4YTO YypaBHEHWE KPWUBOMN MHBAPUAHTHO (T.-e. COXpaHAeT CBOK
-hopMy) NO OTHOIMEHMIO K MPeobpas’oBaHMAM CUCTEMbl KOOpPAMHAT.

CoBepLUEHHO TO Xe caMOe, KaK B aHalIMTUYEeCKOW NaaHUMeTpun, MMeerT,
KOHEYHO, MecTO W B aHa/IMTUYECKOW reoMeTpum NpoCTpaHCTBA.

OfHMM ypaBHEHMEM MeXJy Tpems KoopauHaTamu onpefensetcs noBepx-
HOCTb (Hamp., anAMncoug M T. MOA.) U TOYHO TakK >XKe 3TO ypaBHEHME MHBa-
PMAHTHO OTHOCUTENbHO NK60ro npeobpas3oBaHUsA cucTembl KoopguHaT. C
TOYKW 3peHMA abCTPaKTHOW reoMeTpum He MNpPencTaBNAeT HUKaKuX 3aTpyj-
HEeHWUIF BOO6GPa3nTb YeTbIPEXMEPHYIO TEOMETPIT, KakK Obl CBEPX-CTEPEOMETPUIO
(Uberstereometrie), B KOTOpOA Kaxpas Touyka OyaeT onpeaensaTbcs, KO-
HEYHO, 4YeTbipbMS KOOpAuHaTamu.

< MosABneHne MHUMOI eAuHULbl (KBafpaTHbIA KOpPeHb M3 MWHYC eAuHuLbl) 06bsAc-
HAeTCA TeM, YTO B YeTbipeXMEepHO/ reoMeTpMM CymMMa KBafpaTOB 4YeTbipexX KOOpAMHAT He
[O/MKHA, KOMEYHO, 3aBUCETb OT CUCTEMbl KOOpAMHAT, Toraa Kak B ()M3MKe cymMa KBajpaToB
TpeX NPOCTPaHCTBEHHbIX KOOPAMHAT, yMeHbWEHHAsA Ha KBajpaT NpOM3BefeHUs W3 CKOpoCTu
cBeTa W BPEMEHU, He 3aBUCKUT OT cucTeMbl oTcyeTa. CnefyeT 3amMeTWTb, YTO NpPOU3BeAeHMe
13 CKOPOCTM CBeTa Ha BPEMS MMeeT pasMepHOCTb AMWHbI: OHO NpeAcTaBAseT NyTb NPoii-
[eHHbIli CBETOM 3a paccmaTpuWBaemMoe Bpems.
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Mu moxieM Teneph TakuM 06pasoM GOPMYIHPOBATL YUOMAHYTHIA BLINIE
UpUHIEN M MHKOBCLOY 0! TPH NPOCTPAHCTBEHBHIE KOOPAMHATH U BEJH-
YHHA, [0JyYaeMas YMHOZCHHEM BpEeMEHH Ha CKOPOCTb CBeTa W MIHMYIO
€IHHHIY, IPEICTABAAINT HOMBP T e pHiic (1cinesmy Koopduram; 10 OTHOMEHHIG
K ai060My 11peo6pasoBatuio NOCTPOEHHON TakhM 06pa3oM CHCTEML! KOODIH-
HAT YPABHCHUA GUIUKU— WHBAPUAHMHDL,

Ha ocHoBaHud 3TOr0 npeiciaBieHust, ; BIAOUIErOCA JXIIb UPOCTHIM
TeoMeTpHYEeCKUM ONMCAHHEM DPHHLMNA OTHOCHTEILHOCTH, cTapas Mpo-
61eMa TEOpHH IIO3HAHHA IIOJydYaeT COBEpUIEHHO HOBOe ocseieHue. Jad
(pU3HIECKOro MO3HAHHUA COLIBAIOTCA MONTHYECKUE CJOBA, KOTOpre Puxapm
Baruep sacraBaser l'ypaemanna ckasate [lapcadanio: «<Du siehst, mein
Soln, zum Raum wird hier die Zeit>—<«Th BuAdIBb, MO# CBIH, 31€Ch BpeMA
o6pauiaeTcd B IPOCTPAHCTBO». [[eCTBHTENbHO, B 4ETHIPEXMEPHOM MHOIO-
ofpa3Huy, KOTOpoe Mul OyjeM HasLBaTh MupoM MEHKOBCKOTrO (Mag
OpOCTO «MHPOM»>), OCTaeTCs BHOJHE HPOU3BOALHEIM MOJOKEHHE KOOpAH-
HaTHHX OCeH, OJHY H3 KOTOPHX ME HHTEpIpETHpPYEM, KaK OCh BpEMEH.
Pasiauune MexAy BpEeMEHEM M NpPOCTPiHCTBOM He aGCOAKTHO, a JHIb
OTHOCHTEJIbHO.

BnarogapA H3yMHTeNLHOMY OTKpHTHIO MHHKOBCKOIO eume OJHO
NOHATHE, UMeIlee MEePBOCTeNIeHHOE 3HAYeHHe Jid TeopeTHdeckol (puUSHKH,
HCIOHTaNAO0 IIONHOE INpeBpallleHHe; 9TO—IOHATHE d(fusuieckoro nosr. Ilom
¢H3HYeCKUM [IONE€M NOHMMAalT 06JacTh, IO KOTOPOH paclpeleleHO Ka-
Koe - HHOyap (H3HYECKOe COCTOAHHE TaK, YT0 KAXKIOMy MecTy o6aacTa
COOTBETCTBYeT OMpejeleéHHas BeJIMYWHA, XapakTepuayboliad 3TO CO-
CTOAHHE.

Haaccuyeckan ¢$mamka npE HcciaefoBaHHH (HSHIECKOrO HONA BCETAA.
33/laBajiach ABYMA BONIDOCaMH: BO-NepBLHIX, OIpeAejJeHHEM CBOHCTB HOJIA
I onpeieleHHOro MTHOBEHHs, BO-BTODHX, H3MeHEHHEM NOAA BO BpeMeHH.
Hapany ¢ npocTpaHCTBEHHBIMH pasidyiAMH COCTOAHHA HeoOXOIMMO OHIO
Take OPMHHMATL BO BHHMaHHE H3MEHEeHHsd, KOTOpHe IipeTeplieBaeT C
TedeHHeM BPEeMEHH COCTOSHHe B KaKOM-Iu60 ompeieneHHom Mecre. HoBaa
¢H3nKa, NOCTpoeHHad Ha HAedX MHHKOBCEKOr O, BooOme He 3Haer IoO-
HATHA H3MeHawomeroca noad. HoBasa ¢Hsuka 3HaeT TOABKO OJMH BONPOC:
Kax pacnpedeaeubz ¢ Mupe MMMNOBCKOZO BCAUUUND, TapaxmepUuIylouue ¢u3uuemcoe
cocmoanue? JleiCTBUTENIbHO, €CIH MH, HaInpHMep, 3HAEM YeTHpexXMepHOe
TeMmepaTypHoe moje Mupa MHHKOBCKOT O, TO MK 3THM CaMLM 3HaeM,
KaKasA TeMIepaTtypa rocnoicTBYeT B Mo60M MecTe AJd KaiKAOr'0 MOMEHTa.
H60 u3 dgerhpex ocelt Kako#-IHGO CHCTEMH KOODAHHAT, IOCTPOEHHOH B-
TeMOepaTypHOM HoJie, OZHA HCTOJKOBHBAeTCA HaMK KAk OCh BpeMeH, TaK
4TO pasJyyua B HANpaBJIEHHH 3TOH OCH HPEACTaBAANT co60l H3MEHeHHe
TEeMIepaTypu BO BpeMeHH. TaxkuM 06pa3oM HOHATHE H3MEHAEMOCTH HOJA
TepAeT B 4YeThIpeXMEpDHOM MHpe BCAKHU cuuica. Mup MHHKOBCKOTO,
paccMaTpEBaeMEH, KaK apeHa (PH3HYeCKHX COGLITHI, €CTh OCYLICCTBIEHHE
onpefeNeHds BeYHOCTH, faBaeMoro PoMoii AKBHHCKHM: BEeYHOCTH OH.
HaswBal «nunc stans» (OCTaHOBHBIIEECA HHIHE).
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Teopetuueckas H3MKA MOMKET, TAKHM 00pa30M, HOHHMATLECA, KAK COBO-
KYIHOCTh 3aKOHOMEpHOCTe#, COrIacHO KOTOPHIM pacIpeleldioTcs B MHpe
MHHKOBCKOI O BeIHYHMHH, Xapakrepusyoupne ¢(H3MIECKOE COCTOAHHE.
duspIecKre COCTOAHHSA MOTyT, KOHEeYHO, OhTH BechMa pa3HooOpasan. B
CMBIC/Ie SKCIepUMEeHTAAbHOH (H3MKH MBI pa3ivdaeM MeXxaHHdeCKoe, dIeKTPO-
MarHHTHOE, ONTHYECKOE M TemlIOoBOe CoCTosHHe ). I'pomadnoe 3naueHue
KUHEIMUYECKO Meopus menad COCTOAN0, KAK H3BECTHO, B TOM, 9TO OHa CBela
TEIUIOBHE COCTOAHHA Ha MeXaHHYecKHe, H COBepIIeHHO TaKke Mak-
cBenay (Maxwell) ynanocs 060CHOBATH 3M€KTPOMAarHHTHYIO TEODHIO ONTH-
4geCKHX IpoleccoB. Hakonen, Kak pa3 Ha OCHOBE TEODHH OTHOCHTEILHOCTH
clenanock ACHBIM, UTO npoueccs 0éudceHus NOMKHH OHTH IO CYIIECTBY 7po-
UECCAMU  JACKIMPOMAIHUMmHLIMIYG, TAK YTO M MEXaHHYECKHE COCTOAHHA CBO-
IATCA Ha 3JeKTPOMarHUTHHE.

Taxum o6pa3oM, B KOHIle KOHIIOB, BCA (H3HKA CBeJach X IPOABJICHHIO
asexmpoxanumnoo noas. Ho Ha ocHOBaHHMH YpaBHEHHI, KOTOpHE CO Bpe-
meHHn MakcCBenna ycTaHOBIEHH HAA SJIEKTPOMATHHTHOrO IOJA, MOMKHO
IIOKAa3aTh, YTO B JETHIPEXMEPHOM IpeACTaBleHHH BCe BEIHYHHE, XapaKTepH-
3YIOIIHE 3JEKTPOMArHUTHOE COCTOSHHe, MOryT OHTh CBEJeHH K OZHOH, U3
KOTOpPO#l OHH JIerKO IIONYYAlOTCA HPOCTON 6uiumucAumessnol onepayues. Ita
BEJIHYHHA MOMKeT OHTh IpeJCcTaBleHa IPH MOMOIIH OTPEe3Ka OIpeeleHHOro
HAUpaBIeHUA, OHA €CTh TAK HA3LIBAEMadA 6eKkmopHas sesmusuna. K3 npHu-
[HANa, JeKaIero B OCHOBAHHH 31eMeHTAapHOr0 3aKOHAa IapajilerorpaMma
CHJI cneiayeT janee, 49TO HA [JIOCKOCTH BCAKHHA HaOpaBIeHHHH oOTpe-
30K BIOJIHE ONpefelAeTcd, eClId U3BECTHH [Be ero KOMIOHEHTH IO OCAM
KaKo#-HUOYAb ompefieIeHHOA CHCTEMH KOODAMHAT, HOCTPOEHHOA Ha 3TOH
IIOCKOCTH; B npocmpancmse, HanpaBIeHHH OTPE30K BIOJHE Onpejelsercd
TPeMA KOMIOHEHTaMH; B YeThIpexmMepHOM MHpe MHHKOBCKOTrO AJA €ro
OIpejeeHus HeoOXOIUMO uemvipe KOMIOHEHTH . HeTHPeXKOMIOHEeHTHE I BEK-
TOp, OPH IOMOIIM KOTOPOro BIIOJHE ONpeReaAeTCsa 3AeKTPOMAarHUTHOE MOIe,
HA3EIBACTCHA  31CKMPOMAHUMHOYE  6eKMOp - nomenyuas. TO 0OCTOATENLCTBO,
9TO 3TOT BEKTOpP B MuUpe MUHKOBCKOro He IOCTOAHEH, HO MeHAETCA OT
MecTa K MeCTy (d IO BeJHYHHe H II0 HampaBlIeHHI0), 00yCIOBIHBAET CyIle-
CTBOBaHHE dIEKTPOMArHHTHOI'0 IOJA U BMeCTe C TeM OCYMecTBAJeT BO3-
MOIKHOCTH IJII YejJOBeKa IpH HOMOIIH ero OpraHoB 9yBCTB BOCHPHHHMATH
MEXaHHYECKHe, TEeIJIOBHEe M ONTHYecKHe ABaeHHA. Tarnm o6pa3oM, QH3HKa,
COGCTBEHHO TOBOPSA, BEI3HBAETCA CYIIECTBOBAHHEM IETHPEXMEDPHOTO BEKTOp-
Horo moaa. OpHO Jumb ABTEeHHe 3aHHMaeT 0coboe MecTo, 9TO—TATOTEHHE.

Uraxk, ¢usmxa BHHYymIZEHA CBeCTH Bce (H3HYECKHE HBICHHA K
CYILIECTBOBAHUI dsyx nored, KOHEUYHO, COBIAJAI0IMHUX BO BPEeMEHH H B IpO-
CTPAHCTBE: FACKMPOMUIHUMHOW %041 KA NOIR MmAomerusa. Polls, ROTOpPYO B
3JEKTPOMArHHTHOM IIOJEe HrpPaeT 3JEeKTPHYecTBO, B IOJe TATOTEHHA IpH-

1) To, 4T0 aKkycTHYeCKHe ABICHHAS MOKOATCA Ra HpoLecCax JABHXEHES, OHIO H3Be-
CTHO y&e JaBHO. BoaMoEHOCTb #e CBECTH MArSENTHHIC QCHOMERH K BICKTDHYECKHM Ohiia
yKasaEa Ammepowm (Ampere).
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XO0ANTCA Ha AO0MK0 MacCbl. YK€ K/acCUYecKoil (hu3mke Obl10 U3BECTHO, 4TO
BE/IMYMHbI, XapaKTepusyllme nofie TArTOTeHUA, MOryT ObiTb BbIBEJEHbI
nyTem 4YMCTO MaTemMaTM4ecKOi onepauuu U3 OJHON BeSNYMHbLI, TaK Ha3bl-
BAEMOro rpaBMTAaUMOHHOrO noTeHunana. B knaccuyeckoil ¢usmke macca,
TaK e, KaK rpaBMTauMOHHbIA NOTeHUMan, CyTb BE/IMYMHbLI, KOTOpblE onpe-
LendlTca 3ajaHMeM OAHOr0 AWWb YWUCNEHHOr0 3HauyeHWs, A1 KOTOPbIX,
CnefoBaTe/ibHO, HEBO3MOXHO Pa3/OXeHUe Ha KOMMOHEHTbl 7).

OgHako, BBefeHne ngei MMHKOBCKOTO NO3BOMISET B YeTbipexmep-
HOW (M3KMKe NOCTaBWTb HAa MECTO MacChbl OAHY Be/fIMUMHY, He 3aBUCALLYHO,
KOHEYHO, OT CUCTeMbl KOOPAWHAT, TaK Ha3blBaEMblii TEH30P C JECATHI KOM-
MOHEHTaMu. 3Ta BeNMYMHA, NpuUcyllas 4YeTbipeXMepHOW reomeTpumn, o06na-
LaeT 4eTblpbMA KOMMOHEHTaMW, OTHOCALLMMUCA K YeTblpeM KOOpPAUHATHbLIM
OCSIM N CBEpPX TOrO ewe LWecTbld KOMMOHEHTaMM MO LWeCTU KOOPAUHATHbLIM
noBepxHocTaM 2. OTcioga AOMKHO 3aKN4uuThb (6onee noapobHoe 060CHO-
BaHWe BbIXOAUT 3a Mpefenbl 3TOW cTaTbW), YTO B PENSATUBUCTCKON (u3nke
(yacTHbIM cnyyaeM KOTOpPOW fBNAETCS Knaccuueckas hu3nka) rpaBuTaLMoOH-
HblIi NOTeHLMan TakXe AO/MKEH MpeAcTaBnATb CO6G0K BENUUUHY C AECATbI0
KOMMOHEHTaMMU.

MTak, 3NeKTpOMarHuTHOe nose onpefensiercs YeTblPpEXKOMMOHEHTHbIM
BEKTOPOM, a Nofe TArOTeHWS LEeCATUKOMMOHEHTHbIM TeH30poM. [pu 3Tom
o6a nmons coBnajakwT, M CyuiecTBOBaHMe 060Mx 06YyCNOBAMBAET COBOKYM-
HOCTb SABJIEHWIA, KOTOPbIE Mbl paccmaTtpvMBaeM, Kak (huanyeckue.

B cBeTe 3TMX MpeAcTaB/ieHUld BOMPOC O TOM, MPOUCXOAUT NN (pusnka
N3 FeOMEeTPUYECKOl Heo6XOLMMOCTWN, MOXET ObiTb (hOPMY/SMPOBAH Cleayto-
WMM SACHbIM 06pa3om. Mbl cnpawuvBaeM: WMeKTCA /NI TFEOMETPUYECKUE
OCHOBaHMS ANA TOro, 4Ytobbl B 06LWeli reomMeTpUM Kax[oh Touke Ccnepo-
Bas0 MPUNUCaTb OA4HY BEKTOPHYK W OfHY TEH30pHYK BennunHy? Ha atoT
BOMNPOC NPW COBPEMEHHOM COCTOSIHUU FeOMETPUUN Mbl O/IKHbI OTBETUTb YTBEP-
ANTENbHO. YXe B cepegnHe XIX cTonetus BENUKWMIA maTeMaTuk PumaH
(Riemann) 3 B pasBuTme wugein aycca (Gauss) ykasan, 4TO ob6was
reometTpms npuobpeTaeT CMbICA NMWb B TOM CAy4vae, KOrja KaXXAOW Touke
MPUMNNCLIBAETCSA ONpPEeAeneHHbI TEeH30p.

QHWTEeNH TONbLKO NPUMeHWN MpeacTaBneHMe PumaHa, mMetouee
cuny gns noboro reoMeTpnyecKoro MHoroobpasusa (c N06bIM YMCNOM M3Mepe-
HWA), K MUpy MMUHKOBCKOIF0O W Takum 06pa3oM CMOr YCTaHOBMWTH
Teopuio TATOTEHUA Ha UYACTO FeOMeTPUYECKMX OCHOBaHuAX (1915)4).

Ho nuweb B 1918 rogy Be-itnb (Weyl) nokasan, 4to B 06Leil reomeTpun
KaXX[Oli TOYKe, CBepX YMOMAHYTOr0 yXKe TeH30pa, HeobXogumo npunucaTb

9 B Knaccuyeckoi (u3nke macca M rpaBMTalMOHHbLIA noTemuynat CyTb TakK HasuB.
cKanapbl.

2) Ecnn 0603Ha4YnTL 4YeTbipe ocu uugpamm 1,2,3 n4, TO KOMMNOHEHTbl Takoro TeH3opa
(sTo cnoBo ynoTpe6nseTca Takxe U B 60/iee WMPOKOM CMbicne) 0603Ha4YaldTCA NpPU NOMOLLK
nHAekcos: W, 22, 33, 44, 12, 13, 14, 23, 24, 34.

3 Riemann. Mathematische Werke (2 Aufl. Leipzig, 1892) B XIII.

*) Cp. YKa3aHHYI KHUXKY DUHWTelHa.



TakKXe W HEKOTOpbIA BEKTOp-, NMepeHecs 3T CcOo06paxeHWss Ha Mup MU H-
KO BC KOro, Belinb noayymn BO3MOXHOCTb, Ha pPAjy C YNCTO TEOMETpU-
YEeCKOW Teopuei TATOTEHMS DWHWTeNnHa MOCTPOUTb YACTO FeoMeTpuU-
YecKylo Teoputo anekTpuyecTsa l).

[Ona Toro, 4ytobbl B MHOroo6pa3un NH60ro U3MEpPeHus BO3MOXKHA Oblina
reomeTpusi Boob6uie,He06X04MMO, COrNacHO NpeAcTaBaeHnsm Beling, 4yto6sbl
3TO MHOroob6pasue NpPeACTaBNAN0 MPE>KAE BCEr0 BEKTOPHOE M B TO D>KE Bpems
TeH30pHOe none. [N HemaTeMaTUKOB BPSAL /N BbILIEN3NOXEHHOE MOKaXeTcs
ACHbIM. MpoOMCXOAMT 3TO MOTOMY, YTO Mbl MPUBBLIKAN WMeTb [eno C Tak
Ha3blBaEMOW €BK/IMAO0BON TreoMeTpuenn, KOTOPYH, COr/laCHO COBPEMEHHbLIM
BO33pPEHUAM, CneayeT paccMaTpuBaTb, KaK WCKIUUTENbHbIA YaCTHbIA Chydaii
ropasgo 6onee o6uieli reomMmeTpun. [JeiCTBUTENbHO, €BKINAO0BA FeOMeTPUA MOKO-
MTCA Ha ABYX MNPOU3BOMbHBIX AOMNYLLEHWAX, U3 KOTOPbIX MepBOe Obl0 BCKPbLITO
PunmaHom, a BTOpoe—Beinem.

UToObl OTYETNBEE MOHATb, B 4YeM COCTOAT 06a 3TM [OMNYLWEHUS, Mb
OrpaHM4YMMcCs cnepsa MPOCTbIM CAy4vyaeM [BYXMepHOi reomeTpumn. Kaxpgbili
06pa3oBaHHbI 4YenoBeK 3HAaeT 3/IeMeHTapHble 3aKOHbl TaK Ha3blBaeMol
NAaHUMETPWUM, Hanpumep, 3akKOH, COracHO KOTOPOMY CyMmMa YrfioB B Tpe-
yronbHuke paBHa 180°. Ho BCAKWI, KTO cablWwan O CHepuyeckom Tpuro-
HOMETPUM, 3HAeT TakXe, YTO [BYXMEepHas reoMeTpus BO3MOXHa He TOJIbKO
Ha MJIOCKOCTW, HO TakKXe M Ha WUCKPUBMIEHHbIX MOBEPXHOCTAX, HaMp., Ha
NMOBEPXHOCTU LIapa; OH 3HAeT TakXe, 4TO B MOAOGHbLIX FEOMETPUSAX UMEKT
CWUAY WHble 3aKOHbl 2), YeM B NAaHWMETPUK, 4YTO, Hanpumep, CymMma YriaoB
chepnyeckoro TpeyrofibHMka Bcerga 6osble 180°.

Jaxe HemaTemaTuk UyBCTBYeT TakKXe,—S FOTOB CKa3aTb WMHCTUHK-
TUBHO,—MOYEMY M0CKas TreoMeTpusa BbiAeNseTcs, KaK 0co6blii cnyuai
cpeau BCeX APYIrMX TreoOMeTpuil Ha WCKPWBAEHHbIX MOBEPXHOCTAX. TONbKO
B MNJOCKO/ reomMeTpun WUMeeT CMbIC/T TOBOPWTb MNPOCTO O HanpasieHun; BO
BCEX OCTaNbHbIX KPUBOMMHERHbIX T[EOMETPUAX MOXHO T[OBOPUTb TONbLKO
0 HanpasneHUW B AaHHOW OnpedeneHHOW Touke. EcAn Mbl yepe3 Kakyl-HUbYyAb
TOYKY Ha NAOCKOCTM AOCKW MPOBEAEM MPSIMYID, TO Mbl MOXeM 6e3 BCAKUX
3aTpyAHEHU 4epe3 MO6YD APYryw TOYKY M/J0CKOCTM MPOBECTU MPSAMYHO,
MMEKLWY TO XXEe Camoe HanpaBfieHWe, Kak W nepsas. Ho BCAKuiA 3HaerT,
4YTO Ha MPOM3BOJSIbHON MCKPUBNEHHOI MOBEPXHOCTW Takaa 3ajaya, Boobuie
roBops, He MMeeT cmbicia. B camom pgene, Boo6pasvM, 4YTO Ha MOBEPXHOCTM
OYeHb 6onbWOro rnobyca, NpeAcTaBNAOLWEro 3eM/t0, Ha MecTe BeHbl Mbl
MOJIOXKMM MO HanpaBNeHWK MepuauaHa ManeHbKyw Wray; BCAeACTBUE Maso-
CTW WINbl MOXHO He obpawaTb BHMMAHWS Ha TO, YTO OHa HEe BMOJIHE COB-
nagjaeT Cc MOBEPXHOCTbIO rnobyca. bygem nepegsuratb Wray BAONb Mepu-
gVaHa, NoKa OHa He [OCTUTHET MONSPHOr0 Kpyra. Tak KakK Mbl MOXEM
CMOTpPeTb BHEe MOBEPXHOCTM Lwapa (M3 MPOCTPAHCTBA), TO HaM COBEPLUEHHO

O «Gravitation und Elektrizitat». Sitzungberichte der Berk Ai;ad., 1918, S. 465—480.

a) 3aKOHbl MNaHWMeTPUM KPOMEe MNOCKOCTU MNPUMEHWMbl TakKXe K MOBEepXHOCTAM,
nonyvyaembiM crubaHmem nnockoctu. OHW [eACTBYIOT, Hanp., Ha MNOBEPXHOCTW LUAMHAPA
NN KOHYCa, HO He MPUMEHWMbI N8 MOBEPXHOCTU Wapa unu fiua.
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JICHO, YTO HIJa HMEET Tellepb w#Hoe Harpagicwwe, YeM paHbiie B Bewne,
N opsaxo :xe Mol nepeasdrany uray or Benmsl o wmoaspuoro kpyra mo
HOBEPXHOCTH raofyca B ee cOOCTBEIHOM HANpPABIEHHH, TAK YTO C TOYKH
3pEHHUA JIBYXMCPHOIl reoMeTpdd Mbl MOUAd Gbl ¢ DOJHLIM IIPABOM yTBep-
KIaTh, 4TO HaopaBIeHHE HIJbi HE U3NEHUAGCH.

[lute Acnee BHICTYOMT mepe] HAMU HeolpeleleHHOCTh HAUpPABJICHHA,
eciH Mbl pOBejeM Ha riobyce aBe KpHBbIe, KOTOpble BeayT or BeHnl Ha
ITapu. OTH KpuBble MBI IIOCTPOMM TaK, YTOGH OJHA NPOXOAMIA depes
AMcrepaaM, a gpyraa—uepe3 Pum. Byaem B o60Hx ciyyadx mnepeaBHraTh
HIrJIy BIOJb pacCMarpyBaeMBIX KPHBEIX TaK, YTOOH HadanpHad TOYKA HTIHE
OOJBHTasach M0 KPHBOH, B TO BpeMA KaK HIJIa I[epevelaercd napal-
JenpHO camoit cebe. MH HalijeM, yTO B O6OHX CIyyadx Hrja IO CBOEMY
npu6uTRio B Ilapmk mMeer pasn@uHOEe HanpapieHHe 1),

Yike 2TO mpocToe pacCMOTpeHHe IOKa3hiBaeT HaM, 9TO HA HCKPHBJIEH-
HOH IIOBEPXHOCTH MAMEMAMULCCEAR MEOPUS HARPABACHHHIT 8EAUNUN KOTIK-
Ha OHTb BO BCAKOM clydyae CJO#kHee, yeM Ha ImiIockocTH. O4YeBHIHO Ha
MCKPHBIEHHO# MTOBEPXHOCTH MBI He MOXeM, BoOOlie ToBOpA, IOCTPOHUTE
<FeOMEeTpHI0 OTAaJeHHoro» (Ferngeometrie), nogo6HO TOMy, Kak 3T0 AenaeTcs
Ha IJOCKOCTH, a JHMb TaK Ha3bIBAEMYI0 IEOMEMPUN OAUIAEHCAULEL0.
(Nahegeometrie). Ho ecan Mm jame orpaHHyYuMcA reoMeTpHell 6iaM3ie:xa-
1Iero, To, OYEBHAHO, MBI HpPEX[€e BCEro NONKHM OHTL B COCTOAHHH CPas-
HUBAMb Mexncdy cobok HANPABACHUS[ 8 06YXT COCEOHUL Moukar. [leACTBETEND-
HO, NycTb A ecTb KaKad-HUOYIb TOYKA, a B—TuYKa, KaK MH BHIDAKAEMCH,
GeckoHeqHO 61M3KadA, M OYCTH HaM JaHO Kakoe - HUGyAp HalpaBleHHE B:
TOYKe A; Torja AJA Toro, 4yToGM BoOGIIe GHTH B COCTOMHHH IIOCTPOHUTH
X0TA OBl TeoMeTpHID 6JIN3/IeKaNEro, Mbl AOKHE 3HATh, KAKOe HalpaB/ieHNe
B ToyKe B COOTBETCTBYeT NAHHOMY HANpaBIeHHI B ToYke A B Kade-
CTBE <Moo oce HanpapieHAd». fcHo, YTO MH MOKEM 3HATH 3TO TOJBKO B
TOM CJyYae, €CH HaM JaHa B Touke 4 HeKoTopad BeJHYHWHA, KOTOpas
oupefenseT H3BECTHHM 06pa3oM CHOCO0 UIMEHEHUA HANPABACHUS TPH ITe-
pexoje OT TOYEM A K coceaHeil. 3Ta BelMYHMHA OKAa3LBaeTcA TEH30pPHOR
B NAaHHOM Bhe (Y3KOM) CMEICJE 3TOT'O CJOBA.

Eme I'aycc coeman BecbMa BaxKHOE OTKPHITHE, YTO IIPH MOMOLIH STHX
TEH30pOB OllpefeadeTcd NJHHA KpPHBHX, BeIHYHHA YIrJI0B M IIOLIAAb (H-
ryp; CJIeNOBaTeNbHO, H O6pPaTHO, TEeH30p MOMET OBITh pAa3BICKAH NyTeM
H3MepeHH#l B pacCMATPHBAEMOH YacTH IOBEDXHOCTH, IpH YeM HaM HH-
Yero He HYKHO 3HATH OTHOCHTEABHO TOr0, KaK «paCHOJO¥EHA> IMOBEpX-
HOCTH B IpocTpaHcTBe, TakuM o00pa3oM HpH IIOMOIIM TEH30pa BIEDBHE
yCTaHABIHBAIOTCA H3MEPHTEIbERE OTHOMEHHMA; II09TOMY €ro Ha3bpBalOT
OCHOGHOIM  MEMPUUECKUM MEHIOPONM, n6o uMm BIIEPBEIE GlpeaendaeTca Takr
Ha3bIiBaeMad MeTpHKA; caMo co00H pa3syMeeTcs, 4TO B oO0mled reoMeTpHH
HoBEPXHOCTEH MBI paccMaTpHBaeM OCHOBHOH METDHYECKHH TEH30p, Kak
BeIHYHHY, MEHAHIYIOeA HENpEepHBHO OT MeCTa K MeCTY, TaK YTO JaHHAd

1) Ha MareMaTdYeckoM s3bIKe 9T0 OGCTOATEInCTBO BHPAXKAETCH 3AKOHOM, COTIACHO
KOTOpOMY B HEIIOCKOR I'eOMETDHH npoficMMa MePenoca HaNpaBIeHMA He HHTerpHpyeMa.



NOBEPXHOCTh NpeACTaBlAeT B TO e BpEMA mnoie CBOETO c06CTBEHHOT O
OCHOBHOI'O METpHYecKOro Ten3aopa. liciM HaM fgaHoO 9HTO IIOJe, TO MH
MOMeM HOCTPOHMTH ICOMETPHIO Ha IICBEDXHOCTH, HHYero He 3HaA O BHIE
3TOM DoBepxHOCTH. TaKk HasmBaevMasd EBKIHI0BA TeOMeTpHA ABIAETCA
YacTHHIM cayd9aeM ofuieli reoMeTpHH IIOBEPXHOCTeH, XapaKTEepH3yeMbIM:
TeM, 9TO B Heifl KOMIOHEHTH OCHOBHOIO METPH4eCKOro TeH30pa IO BCEM
KOOpJMHATHHIM HallpaBIeHHAM obpamanrca auGo B Hy1b, 1H60 B elH-
Huny *).

Jlo cux mop Mul HaMepeHHO IOBODHJIM JHIIb O FEOMETPHUM JBYX H3Me-
peHuit; H60 TOILKO OTHOCHTEIbHO ABYXMEPHOTO MHOroo0pasusf BO3MOKHO
AJIA HAC ACHOE IpejcTaBIEHHE TOro, Kak OHO pacIlOJ0XKEeHO B MHOrooGpa-
3MHM, YHCIO M3MepeHHH Koroporo Goxeme HA eauHMNy. [lma TpexmepHOro
MHOr006pasHs BO3MOMHOCTH AHAJOTMYHOTO ACHOrO NpPEJCTABICHHA YiKe
orcyrcersyer. OaHako eme PuMan 3Han, 4T0 Hamy OOWYHYIO IEOMETDHIO
cielyeT paccMaTpHBaTh, JHIIb KaK JacTHWH cayyalt Oomee oGued Tpex-
MEpHOH reOMeTpHH, B KOTOPOH OCHOBHOM METDHYECKHH TEH30p MEHAeTCHA
OT MeCcTa K MecTy; H TO, 4TO CIpaBeflIdBO [JIA TpeXMEpPHOH reOoMeTpHH,
CHpaBeJInBO—3TO TaKike OhUIO M3BECTHO P mMa Hy—H [ reOMeTPHH JIo-
6oro umcia m3MepeHdil. UMci0 KOMIOHEHT OCHOBHOIO METPHUYECKOIO TEH~
30pa HpH 3TOM BCerza PaBHO CyMMe dYHcel] KOOpDAHHATHHX OCell H KOODIH-
HATHREIX TOBEPXHOCTei; B JBYXMEpHON IreOMeTpPHH TEH30p HMeeT, CleloBa-~
TeTbHO, TpPA KOMINOHEHTH, B TpeXMEpHO#—IIecTh, B YeTHpeXMEepPHOH —
AeCATE.

[lepBoe mpoHW3BONBbHOE RONYyLIEHHE EBKJHAOBOH TEOMETPHH COCTOHT,
KAK MLl BHJE/IH,B TOM, YTC B Hell rOBOpPAT HPOCTO O HampaBJIeHHWH, TOria
KaK B IeOMETpPHH, CBOGOAHOH OT IPOHM3BO.a, MOMHO FOBOPATL TOJBKO O
HanpaB/JeHHA B ONpefeNeHHOH Touke. Ecau Mpl TakuM 06pa3oM ¢opMyIHpyeM
nepBoe NpPOM3BOJBLHOE [OoOyImeHHe l'eoMeTpun EBKIHM Aa, TO M, eCcre-
CTBEHHO, IpHJeM W K BHIACHEHHI0 BTOPOrO RONYUIEHHA, KOTOpOe BOEpBHIE
6Liio oTkpeTO Be#imem B 1918 roay .Jro BTOpoe XolyileHMe COCTOHT B-
TOM, 49TO B KIacCHIeCKOH, paBHO KaK H B DHMAHOBOH TIEOMETPDHH Mul rO-
BODHM IIpOCTO O IJIHHe, TOTAA KaK CIeXyeT BCerja IOBOPUTH JHIb 0 Oau-
He & onpedetennot maroth osracmu., Hax mu BHJEJIH, II0 HanpaBJeHHIO B O~
HOH TOYKe Heab3d, BOOOWE roBOpA, 3AKNOYATH, YTO OHO TaKoe IKe
Camoe, KaK H HalpaBleHME B KaKOH-1MGO OTHalieHHOR TOUYKe; COBEp-
IMEHHO TaKIKe OKa3nlBaeTCA JHIIGHHHM CMEICIa H 3aKJI09€HHe, 9TO [Ba.
MaJBIX OTpPEe3Ka, NPOBEeJeMHX B ABYX YIaJZeHHHX O0NacTAX, HMEIOT OAHY
H Ty xe NIuHY. B nocnenoBaTelbHO IpoBeIeHHON reoMETPHH GIH3IEKAILErO
CpaBHEHHA Mesay co00l0 ABYX ANdH, BOOOIE TrOBOPH, TAaK Ke 3aTPYAHH-
TelbHO, KAaK W CPaBHEHHe ABYX HanpaBlIeHHIl ?),

)

) B expHAny ofpaifaloTest KOMIOHEHTH, MHEECH EOTOPHIX—/BaX]hl NOBTOpEHHAd
nnhpa; ocTalbHHe 06pAaATCd B HYIH (cp. npumeyanme na crp. 8)

2 3 : :

) Bripaanco #5HIKOM MATEMATHKH, CKANCM: NepeHoc HanpaBleHHd, DPABHO Kak.
H NEPEHOC IIMHEL, BOOGME rOBOPA, €CTh 3afada HeMHTEIpPHpYyeMas.
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MycTb Ham faHbl ABe 61M3Kue Apyr K apyry To4km A u b un npeg-
cTaBum cebe, YTO BOKPYr KaXAOW M3 HUX OrpaHuyeHa Kakum - HUbyab 06-
pasoM HekoTOpas BecbMa Manas o00nacTb; MNpexae BCEro Mbl JOSKHbI
MMeTb BO3MOXHOCTb YCTaHOBMWTb, KaKOW [A/MHbI AO/MKEeH 6blTb OTPE30K BO
BTOpOI 06nacTu, 4To6bl MOXHO ObII0 CUMTATb ero AAMHY PABHOW JaHH My
0Tpe3Ky nepBoi obnactu. [pyrumu cnosamu, ecnau Ans nepsoii o06aacTu
fAaHa efuHMLA ANWHbI, Kak MacwTab, TO Mbl Npexie BCero A0SKHbl yCTaHO-
BWTb, 4TO OyfeT cnyXuTb macwTtabom BO BTOpoi ob6bnactun. K Touke A
Heo6Xxo4MMO NPUYpPOYMTL BEAWYMHY, KOTOopas onpegensana Obl nepeHoc egu-
HULUbl MacwTaba nmpu nepexoge OT 06nacTu, fexaweid OKONO TOo4kM A K
Kakol-HNb6ypab cocefHeli obnactu. JTa BeAMUYMHa npu 6amkaiiem uccne-
LOBaHMMN OKa3blBaeTCs BEKTOPHOW BeAMuMHOA. Ee 6b110  6bl LenecoobpasHo
Ha3BaTb MacwTabHbili BekTop (Masschtabvektor). Takum 06pa3om Mbl nLIb
TOorga B COCTOAHWM MOCTPOUTbL, [AEACTBUTENbHO, O6WYK FeoMeTpuio, ecnu
Mbl Ka&)X[O TOYKE MNPOCTPAHCTBA CBEPX OCHOBHOIO METPUYECKOro TeH3-pa
npunuiiem ewie MacwTabHblli BEKTOP.

Ho Bce, 4TO cnpaBea/vnBO 415 BCAKOW reomeTpuu, € MOObIM  YKUCAOM
M3MepeHnit, CnpaBeffinBO, KOHEYHO, U A5 YeTbIpEXMEPHIro mmura MWHKOB-
CKOro. M B Hem TakXe TONbKO TOrga BO3MOXHa o0uwas, cBo6ogHas T
rMnoTes reomMeTpus, KOrga ANS KaXAOro MecTa ero OMpefeneHo, Kakum
06pa3oM MpPOMCXOAUT Tam MNEepPeHOC efuHMUbl MacwTaba; ApyruMy cnosamu,
Korga Mbl AN KaX[Oro MecTa 3HaeM 3HayeHWe [eCATUKOMMOHEHTHOro
OCHOBHOTO METPUYECKOro TeH30pa M YeTbIpeXKOMMOHEHTHOr0 MaclTabHOoro
BekTopa. C Apyroii CTOPOHbI, Bbille Mbl BUAEAN, YTO BCA (hM3MKA NOKOUTCA
Ha YMEHWW 0XBaTWTb MMP MMUHKOBCKOr0, Kak mnofe AecATUKOMMOHEHTHOro
TEH30pa, rPaBUTaLMOHHOTO NOTeHLMana, U YeTblPEXKOMMOHEHTHOTO BEKTOPA,
371eKTPOMarHMTHOIO BEKTOpP-NoTeHumana. Cama co60l0 HanpalwnBaeTCcs MbIC/b
VAEHTUPUUMPOBATb (PU3NUECKOE MNOHATWE TPaBUTALMOHHOIO MOTeHuMana
C MaTemMaTW4yeCKuM MOHATWEM OCHOBHOFO METPUYECKOro TeH30pa, pPaBHO
Kak (hu3nyeckoe NOHATME 3NEKTPOMarHUTHOrO MoTeHLMana OTOXAEeCTBUTb
C MaTemMaTMyeckMM MOHATMEM MacliTabHOro BeKTOpa; W ecau Mbl NpoAenaem
06a OTOX[AECTBMEHUSA, TO Mbl, LeACTBUTENbHO, NOAYYAaEM BO3MOXHOCTb pac-
cMaTpuBaTb (M3MKY, KakK reomMeTpuyeckyt Heobxogumoctb. W60 Ha cce:-
BaHMM 3TUX NpeAcTaBfeHUli Mbl OKa3biBAEMCA B COCTOAHWUM CBA3aTb OCLly
reoMeTpuio C CYLW,eCTBOBaHWEM MOMA TATOTEHWA W 3/1eKTPOMArHUTHAr:
nons.

FeomeTpusa 1 Pu3nka NpefcTaBNAOTCA TakMM 06pasoM B HepaspblBHO
TECHON CBA3W. JNEKTpUYEeCKMe 3apsfbl U TATOTelLMe MacChl OnpeAensoT
reomMetTpmio mMvpa MuHKOBCKOro. OJHAKO MbICAMMO M 06paTHOe NOCTPOEHME:
MMEHHO, MOXHO Oblfi0 6bl Npexge BCero AaTb reoMeTpuid mMupa Maskos-
CKOrO, ANA 4ero Hago 6bl10 6bl 3HATb, KakK PacnonoXeH 4YeTblpeXxmepHblii
MUp MUWHKOBCKOFO B MATUMEPHOH MHOroo6pasuu, COBEPLUEHHO TakK Xe, Kak
MOBEPXHOCTb pacrnofsaraeTca B MNPOCTpaHCTBe. Torga MOXHO 6bin0 6bl,
Hanpumep, KaxXylieeca NpOABAEHWE TATOTEHOWMX Macc CBECTW K Cnocoby
.3TOr0 PacnonoXeHus.
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O4HAaKo He TONbKO CYyLLeCTBOBaHWE 3/1eKTPOMarHUTHOrO W rpasuTa-
LMOHHOI0 MONs ABNAETCH reOMeTPUYEeCKO Heob6X0AMMOCTbIO. 3aKOHbI 060MX
3TUX MOfeil, KOTOpble HaxO4AT CBOE BblpaXKEHWE B OMNpefeneHHbIX YypaBHe-
HWAX, NOMy4YalT Takxe npuemneMoe maTemaTuveckoe 060CHOBaHWe.

B reometpn y PumaHa-Beiinda BaxHy ponb MrpaeT HEKOTOpas Beun-
ynHa 1), nbo ee Mcye3HOBEHMEe cOCTaBNAeT Heob6X04MMOE U [0CTaToOYHOe
ycnoBue TOro, 4tobbl o6was reometpus P umaHa-B eina nepewna B yact-
Hbl/A cny4aih K/acCM4YecKu-eBKNMAOBON 2). TMyTemM MPOCTbIX BbIYMCAUTENb-
HbIX Onepaumini MOXHO 06pa3oBaTb M3 3TOW BEAUUYUHbI TaK Ha3blBaeMblii
KBagpaT €e 3HayeHWs M MPOWHTErpupoBaTb €ro no nAwboi obnactm mwupa
MWHKOBCKOr0. MONyYeHHbI MHTEerpan MoneHo 6b110 6bl Ha3BaTb reoMeTpu-
UecKUM KBaHTOM paccMmaTpuBaemoli o6nactm Mupa.

Ecan Mbl caenaem fonylieHue, YTO FeOMeTPUYECKUI KBAHT Ve MeHseTcs
Npy BCeX BO3MOXHbIX Bapuauusx KaXAoW U3 AecATU KOMMOHEHT OCHOBHOrO
METPMYECKOr0 TeH30pa M KaX0iN M3 4eTblpeX KOMMOHEHT MacwTabHoro
BEKTOpa BHYTpWU Hawein ob6nactm 3, TO Mbl MOAYYMM uYeThbIpHALUATbH Yypas-
HEHWI, KOTOpble Ha OCHOBaHWMW CAeflaHHbIX Bbille OTOXAECTBAEHUW cnegyeT
paccmatpuBaTb, KaK OCHOBHblE YPaBHEHWA T[PaBUTALWOHHOIO W 3N1eKTPO-
MarHuTHOro nonei 4. A 3To U ecb ypaBHEHWS, Ha KOTOPbIX MNOCTPOeHa
BCA cUCTemMa COBPEMEHHOI TeopeTU4ecKol (U3NKMK.

N3 uyncto maTemaTMyeckoro mnocTynata, KOTOPbIA BbipaXkaeT Bbllle-
ONMUCaHHOe CBOMCTBO TEOMETPUYECKOro KBaHTa, BbITEKAET OMpejeneHHas
CBA3b, yCTaHaB/MMBaKOLWAACA ANA KaKAOW TOUKM MeXAY OCHOBHbIM METPU-
YECKMM TEH30pOM W MacwTabHbiM BeKTOpPoM. C (hM3MYECKON TOYKM 3peHus
3Ta CBA3b €CTb NPOABMEHNE—COOTHOLIEHUA MEXKAy TATOTEHWEM W 37eKTpuye-
CTBOM.

B aTom cMmbicne Teopus Belina BefeT K HOBOMY, BeCbMa MHTEPECHOMY
BbIBOAY. A MMEHHO, MOXHO MoKasaTb (Ha 3TOM 34eCb He/b3s OCTaHaBu-
BaTbCA MOAPOOHEE), YTO M3BECTHbIA W3 3KCMEPUMEHTaNbHOW (PU3MKMK 3aKOH
HeCco3aBaeMOCTVN U HepaspyllaeMoCTV 3NeKTpuyecTBa eCcTb Heobxogumoe cneg-
CTBWe 3aKOHA TArOTEHMA, YNpaBnAlOLWero ABMKEHMWEM naaHeTh).

HoBble npefcTaBNeHUS OTKPbIBAKOT B BbICLIEA CTEMEHW BaXKHble nep-
CNeKTMBbl W B APYrOM HanpaBneHUW. BenumumHa, KOTOPYH Mbl Ha3Banu
reoMeTpu4yeckMM KBaHTOM, eCTb OTBAeYeHHoe uucno. Ho ecnam Mbl MHTepnpe-
TUPYEM OCHOBHOI METPUYECKWIA TEH30p, KaK rpaBUTaLMOHHbLIA noTeHuuan,
a MaclTabHbIi BEKTOP—KaK 31E€KTPOMarHUTHbIA NOoTeHUuan, TO C Pu3u-

*) Tak Ha3blBaeMblii TEH30p YETBEPTOro paHra.

-) Mpu 3ToM nepeHoce HanmpaBAeHUs W ANUHbI (CM. Mpumey. Ha cTp. 10) cTaHOBUTCA
WHTEPHUPYEMbIM; MepBOoe WMeeT MeCTO B MUpe, /MULWEHHOM TATOTEHWS, BTOPOe—B MuUpe
cBOGOHOM OT 3NMEeKTPUYECKUX 3apAfoB.

*) ,BHyTpu" Hawei o6nacTu—o3Ha4yaeT, 4YTo Ha rpaHuuax ob6bnacTu Bapuauusa He
[OMKHA MMEeTb MecTO.

*) OCHOBHas MbICNb 3TOr0 MpUHUMNa NpuHagnexut M un (Me>u 6bina passuta janee
Fmnbb6eptom (Hilbert) n Belinem.

s) TOYHO Tak flee TOXAECTBO WMHEPTHON W TAXEenol maccbl ecTb B M3BECTHOM CMbic/e
CnefCcTBME yKa3aHHOW CBA3KM MeXJYy OCHOBHbIM TEH30pPOM W MaclWwTabHbIM BEKTOPOM.
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qeCKOM TOYKH 3PEHHA reOMETPHYEeCKHH KBAHT OKa3wBaeTcA TaK HA3HBae-
MEIM Oeticmsuesn, YMHOMEHHNM HA NOCTOSHHYK CHOpPOCTb CBeTd, NPH 4YeM
moj «JedCTBHEM», KAK M3BECTHO, NOHHAMAaeTcA IpOu3BefeHHe IJHepIHuH Ha
BpeMA.

B maganme XX cronermAa BO3HHKIA HOBaA Teopud, NpHUBejmad K
BaXHeAHM CIeJCTBUAM BO MHOTHMX ofnacTaAXx (U3HKH, HUMEHHO B TEOpHH
aromMa. JTO TaK Ha3wBaeMad TeOpHA KBAHTOB, KOTOpad OCHOBHIBAETCA Ha
JONyIieHAH, YTO KONHYECTBO AEUCTBHA, CBA3AHHOE C KAKUM-1H60 (H3H-
YeCKHM ABJIEHUEM, eCTh I[eN0€ KpaTHOe TaK HAa3HBAEMOrO 3JeMEHTAPHOro
KBaHTa peficTBua. Ho Tak Kak ¢ MaremaTHdeckolf TOYKM 3peHuA HeficTBHe,
YMHO¥EHHOE Ha DOCTOAHHYI CKODOCTH CBETa, €CTh, COrJacHO CKaA3aHHOMY
BHUIE, OTBIEYEHHOE YHCJIO, TO BOIpoc 06 OGOCHOBAHHHM TEOPHH KBARHTOB
OKaswBaeTcd TeCHeHIIWM o0pa3oM CBA3IHHKWM ¢ OCHOBHOM mpoGrevoi
.apuﬁmemuxu, C BOIIPOCOM o0 CYywHoCMmu UUCAG.

Bce acmee cranoBuTCA 3aKM0YEHHE, ITO OCHOBH (DH3HKH Te€ 3Ke, ITO
H OCHOBM MaTeMaTukd. buiarogapa ¢usuke obuias reoMeTpusa BuepBhe
II0Jy4YaeT CMRICI H CofepxaHde; H o0paTHO, MOMeT GHTh, PM3HKa eCTh He
49TO HHOE, KAaK MePeBefeHHas Ha APYro# A3LIK eOMETPHA YeTHpPEXMEPHOro
MHOT006pa3HA, KOTOPOe B CHIYy Hamel HHTepnpeTanud paclajgaercd Ha
AIPOCTPAHCTBO H BpeMA.

- Ilepes. I'. C. Jandcbeps.



