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Kuuza npunadnewum nepy evidawuezocs pyc-
cHozo yueHozo Anexcandpa Anexcandpoeuya ®puo-
mana (1888—1925). 9mo—nepeoe Ha pyccHom
A36IHE NONYAAPHOE U3/NOHEHUE Meopuy OMHOCUMeNs-
Hoemu, Hanucawnoe Goaee copoxa nem wasad. 3a
Mo 8pemMa NOAGUN0CH MHO20 NONYAAPHGLIX U HENONy..
AApHbIX pabom o meopuu JidHwmelHa, HO HHU2a
A. A. ®pudmana we ympamunra ceoeli yewHocmu.
Ona ¢ unmepecom u noav3oli 6ydem npoyumana ece-
MU, KMO usyyaem HOBYK PU3UHY U ee Ucmopuw.




BCTYIIJEHNE

O0nancde, k02da HOUL NOKpblaa Hebeca ceoero
enan4oio, sHamenumvlii g parnyyscruii gurocod
Hexapm, y cmynener Oomawkeill aecmHuyb
ceoell cudeswuli U HA MPauHbll 20 pPUIOHM C
N PEEEAUKUM EHUMAHUENM CMOM PAUWULL,— HEKLLL
npoxomull nodcmynunr x Hemy ¢ 60npocos:
«Kramu,mydpey, ckoavko 36e3d na
cem HebeX»y —«M e paaeey!— omeememeo-
6an celi,—Hurmo Heobwammuoao o6-
Hambv we moxuemly Cuu, ¢ npeseaurumn
O2HeM NPOUSHECEHHbIE, CL06A B03LIMEAU HA N PO-
xowcezo aenaemoe Oelicmeue.

«['MCTOPUYCCKIE MAaTePUAJILI
®enora Hyspmuua IIpyTHOBA (mepa)»

1. B ToxBKO 4TO HpHWBeIeHHOM pasroBope llexapra ¢ mpo-
XOKUM IIPOXORUIM «BPASyMIJICA» U YCIOKOMJICH; HO HA CaMOM
nejie B 4eJIOBEUECKOH MCTOPHM CTPEMIICHHME «CIECTH 3BE3IELIN,
HHAYe T'OBOPSA, MOCTPOUTH KAapPTUHY MAPA, HUKOT/A HE JaBallo
JIO/IAM TIOKOs, W, KaKk Gbl HAYTOKHA HU OLIJIa CyMMa JIONCKHX
3HAHUIL, -Bcer[a HAXOQUINCh CPEIU MEICIAIIET0 IeI0BeYeCTBA
u JI06oNMHTHEIE TPoXoxue u Gojee, meskeau Jlewkapr, o6xo-
IUTENbHEIE MYApeIsl, IHTAMUecH, Ha OCHOBAHHH IOCTO-
SAHHO HUYTOKHBIX HAYYHBHIX MAHHKEIX, BOCCO3[aTh KaPTUHY
Mupa.

B XX Bexe uelloBeK IOIBITAJCH CHOBA, HA OCHOBAHUH TeX
CBE[IEHHHA O MHUpPe, KOTOPHIe €CTECTBO3HAHWE KO BpEMeHH
pameil SI0XM HAKONWJIO, CO37aTh OCIIYyI0 KapTUHY MWHpa,
upaBga, MApPa YPE3BHIANHO CXEMATU3MPOBAHHOTO U YIIPOIIEeH-
HOr0, HANOMUHAIIIEr0 HACTOAMME MEUp JWIIb HOCTOJBKY,
MOCKOJIPKY TYCKJIO€ OTPayKeHHe B 3epKalle CXeMaTUIecKOro
pucynka HeabHckKoro co6opa MoKeT HAIOMHHTH HaM caM
coGop. Jra HONMEITKA «CIECTD 3BE3/B» K CO3TATh 00IYI0 KapTH-
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HY M@pa HOCHT MAJO COOTBETCTBYIOISe HABBAHUE RPUHYUNA
0MHOCUMEAbHOCMU.

2. Mup, cxemaTmuecKasgs KapTWHaA KOTOPOTO COB3JaercA
OPAHIUIOM OTHOCHTEIHHOCTH, €CTh MAD ecTeCTBOUCIHTATEN,
ecTh COBOKYIHOCTH JHINL TAKAX OGBEKTOB, KOTOPEE MOTYT
OLITh M3MEPeHBl HMJIM ONEHEeHH WHCIAMM, MOITOMY JTOT MHUP
GeCKOHEUHO Y;Ke U MeHbIIe MHpa-BceleHHON d¢unocoda;
a pas dTO TaK, TO, KOHeYHO, M 3HAUCHWE IPUHOUIA OTHOCH-
TeJbHOCTH I Quiocodum He TOIKHO OHTH NepeoleHWBae-
Mo. BeposTHee Bcero, 4To 3HAYEHWE HIPHHIOUNA OTHOCUTENb-
noct:n A ¢uiocopmm He Geabiie, 4eM 3HAUCHUE IS Hee
KOCMOTOHMYECKMX THIOTe3 COBPeMeHHON acrpoHomuu. Ho
3 CKAa3aHHOTO HE CcJeqyeT JAeJaTh M IPYroro KpaiHero BHBO-
Ja W OTpHUOATh HAUYMCTO N Guiaocodru CXeME MuUpa, [aBae-
MO#i IPUHNUIOM OTHOCUTEIIHLHOCTH, |'DAHIMO3HBEI M CMeIBI’
pasMax MEICJIH, XapaKTePUIYIOINUA 06mye KOHIENIUN U UIen
IPUHINIA OTHOCUTENBHOCTH, 3aTParMBalOMUe TaKue OO0BHOK-
TH, KaK IPOCTPAHCTBO U BpeMs (IpaBfa, uaMepumoe), HeCOM-
HEHHO, [OJUKeH IIPOM3BECTH M3BECTHOe BIEUATICHNE, eCJH
Jajke He BJIWSHUE, HA pasBUTHE UM COBPEeMEHHHIX (QHUII0CO-
$0B, TaCTO CTOAMUX CAUOIKOM BHIIIE (U3MEPHUMOIT» BCEJICHHOI
©CTeCTBOUCIIBITATEON .

3. YraszauHOoe 00y /[aeT MEHS CINTATh, 4T0 Jelicmeument-
HOe 03HAKOMJIEHWE ¢ UIeAMHU NPUHIUIA OTHOCUTEIBHOCTH Ha
cTpaHUNAx ¢uaocodcKoro kypHama', OHTH MOMKET, W He
ABHUTCA MW3JIUITHUM; TOBOPA O MEHCTBUTENIBHOM O3HAKOMIIE-
HUM, A IPOTWBOIOCTABIAI0 IONOOHOE O3HAKOMIEHHE pPa3HO-
00pasHKM HONBITKAM IONYJISPH30BaTh, COBEPIICHHO HE IIOJ-
Jaomuiica DONYISAPU3ANUYM UPHHIUN OTHOCUTEIBHOCTH; DTA
TMONMYNAPU3ANMUA [OCTUTAETCH HIM INEHON IOJIHOTO 3aTeMHe-
HUA e, JeyKAamuX B OCHOBE NPUHIONIA OTHOCUTENILHOCTH,
WM jKe, 94TO, HOMKANYH, eme Xyske, MEHOU M3BPAIIeHUS ITUX
apneii. U3 ckasaHHOrO BHAHO, 9TO W3JIO0KEHHE HAaCTOALEH

1 9ta cratha OpefHA3HAYANACH AJIA KypHaJA «MBICIBY.



CTaTBU HO B KAKOM cliydae He NpeTeHAyeT ObiTh MOy pHEIM
u TpebyeT, YTO COBEPIIEHHO HEOGXOJUMO IO CYIIecTBY fela,
OCHOBATeJbHOTO 3HAHUA 10 KpaiiHe#l Mepe ajieMeHTOB BHIcIIeil
MaTeMaTUKHU.

4. §1 paspenun HacTOAImMYI0 CTaThIO Ha TPU TaaBH. Ilep-
Bafd IiaBa IoCBAINEHA YYeHNI0 06 06IuX cBoicTBAX NPOCTPaH-
crtBa. [lJA IpPOCTOTHL paccMaTpUBaeTcss NPOCTPAHCTBO TPeX U
Jayke 4acTo [BYX M3MEPeHUH, HO BCe BEIBOJHI MGIYT GHITH Iy-
TeM IIPOCTHX, XOTH HHOINA M HE CTPOTUX aHAJOTHUE, pacmpo-
CTpaHeHH Ha IPOCTPAHCTBO JIIOOOTO UMCia MBMEPEHHA, B TOM
quciie W Ha HPOCTPAHCTBO YeTHPeXMepHOEe. JTY IiaBy A Ha-
apHalo ¢ pasbopa Bollpoca 06 OmEHKe M W3MEPEHHH, BoIpoca,
BECHMA BAKHOTO JJIs MPaBUIBHOIO0 HOHMMAHMSA MHOTMX KOH-
OeNnuii TeOpUU OTHOCHTENbHOCTH. V3jmaras [alee OCHOBHEIE
CBOHICTBA I'eOMeTPHIECKOT0 IIPOCTPAHCTBA (METPHKA, HANpaB-
leHue, yrod, mMapalienbHoe NepeMelneHne, NpsMas, BEKTOP
KPUBH3HE U T. I.), A MOAPOGHO OCTAHABIMBAIOCH HA BOIPOCE
HHTepIpeTanuyu reoMeTPUIeCKOr0 IPOCTPAHCTBA, ¢ MOMOIILIO
IPOCTPAaHCTBA (HMBUIECKOT0; YKashlBaji HAa NPOM3BOIBHOCTD
9TO# WHTepUpeTanmuu, s YCTAHABIMBAI0 BMECTe C TeM, KaKoii
CMBICT TpUOOpeTaeT BONPOC SKCHEPUMEHTAILHOT0 MHCCIefo-
BaHHUA CBOMCTB HANETO MPOCTPAHCTBA; CIOLYET OTMETHUTH, 9TO
9TOT BOLPOC He MMeeT, KOHEYHO, HHKAKOI0 CMEICIA, pas
YIOMSHYTass MHTEPUPETAIUsa HE YCTAHOBIEHA.

Bropas rmaBsa TpakTyer 06 OXHOM M3 TPYAHEAMEUX BOIPO-
COB TEOPWH OTHOCUTEIHHOCTH, 4 MMEHHO O BPEMEHH, 0 HEeBO3-
MOKHOCTH CaMOCTOSTeNBHOr0 CYIIECTBOBAHNSA BPEMEHH M IIPO-
CTPAHCTBA B OTAGIBHOCTA M 00 OGBeMHEHMM HX B UETHPEX-
MepHBIH (QU3WYeCKUH MUD, KOTOPHIH MOMKET OIPeHeJeHHHM
croco6oM WHTEPIPETHPOBaTH MHUP TeoMmerpumueckmit. Camo
co6oii pasymeercs, 9YTO B YKa3aHHO# IiaBe paccMaTpPUBAETCS
He BpeMa $uaocodoB, a CKPOMHOE «H3MEPUMOe» BPEMS eCTecT-
poucusitareneii. Ocob6oe BHuMaHuMe oGpameHo Ha HOAPoGHOe
BEIICHeHHE II0THOT0 IIPOU3BOJIa YCTAHOBICHUA 3TOTO (M3MEPH-
MOTO0» BpEeMEHH.



Mup, T. e. coefUHEHHe NMPOCTPAHCTBA W BPeMeHH, paspl-
paH BO BTOpOH IilaBe ¢ JOCTaTOYHOM HOAPOOHOCTHI0: 60NBII08
BHUMAaHUE YAEJIEHO MHOI0 BOIPOCY O NOCIMYAame UHBADUAHM-
Hocmu, NAlIeM NPaBUILHYI WAeH IpW yCTaHOBIeHUU ¢H-
3MYEeCKUX 3aKoHOB Hamero mupa. IlocrymnaTr BemecTBeHHOCTH
U CBA3AHHLIE ¢ HAM BOIPOCH NPUYMHHOCTH TOyKe HONBEpTHY-
TH JIOCTATOYHO HOmpoGHOMY paccMoTpenmio. He Menbmiee
BHUMAaHHE YMIeJeHO pasHuile QUanIecKoro W reoMeTpuIecKoro
MHUpa U TPOU3BOJILHOCTH HHTEPIPETANMH OIHOTO MHUpa APY-
ruM. 3aMeTHM, 9TO HCTOPWYIECKOEe COeNMHEHHe HPOCTPAHCTBA
A BPEMEHH B YeTEHIPEXMEPHHIA MHUpP HPOU3OIII0 ¢ IOMOIIBIO
TAK HAa3BHIBAEMOT0 CIeNUANBHOr0 IPHUHIUNIA OTHOCHTEIHHOCTH;
JOTHYECKY CHEeNUaNbHbIH MPUHOHUI OTHOCHTENHHOCTH MOJKHO,
Ges ocoGoro ymepba [JsA fema, OCTAaBUTh NOYTH MEIMKOM
B cTopoHe. fl Tak m mocTymmlo, uMes B BUAY, 9TO DTOT IPUH-
U OTHOCHTEJNBHOCTH HE pas ¢ [OCTAaTOIHOH IOXpOOHOCTHIO
ocBemalcAd KaK B 00mell, TaK M B CHOENUANLHON HAYIHON
auTeparype.

Tpersa raaBa Oyger comep:ath B cebe ONMCAHAE METOMOB,
¢ IMOMOMBI0 KOTOPHX NPWHOUN OTHOCHTENLHOCTH TIHITAETCH
OOCTPOUTH KaPTHHY MEpa. ITY IIaBy A HAYMHAI ¢ U3JI0KEHUS
00muX OCHOB CTapoil U HOBON MEeXAaHMKM U TJIaBHEIM 06pa3oM
¢ YCTaHOBJGHWS 3aKOHA WHEPINH, HMEIOMEro MecTo B HOBOU
ofmeil mexaHmKe. 3aTeM f TEPeXOKY K HUBA0KEHHIO PALA
[UI0Te3, ¢ IOMOMmMBI0 KOTOPHX OMHINTEHH CcBA3aJ BOIPOC
0 cujle TATOTEHWA C BOIPOCOM TEOMETPHH MHpPa; BSKCIepH-
MEHTAJIbHEIE MOATBEPIKJCHHS 9DTUX TUIOTE3 CIYMKaT CBHIe-
TeIBCTBOM IIPAaBHIBHOCTM WX, II0 Kpaiimeli Mepe, B 00mux
geprax.

CBs8p TATOTEHUA CO CBOHCTBAMH HAIIETO0 MUpPA SBJISETCA
ofgHoll u3 GiecTAmUX wmaeil OHHIMTelHA, XOTA TEHE3WC STOH
uien BOCXONUT K 0ojiee OTHAJCHHHIM BPEMEHAM, a HMEHHO KO
BPeMeHN INOsABIeHHs wu3BecTHOH pabornt Pummama. Tepman-
ckuit maTeMatuk Weyl, ncxomsa ms konuennuii Pumana, moas-
sysach mueamu Hilbert’a u o6o0masa u pacmmpas ugen



OfiHmrelina, TPeIINoNT0KUI, 9T0 MEKIY CBoMCTBAMU MaTepuw,
3aN0JHAKNEN! MHD, U CBOMCTBAMM MHpa TOYHO TaK 3Ke HMeeT
MecTo TecHelmas CBA3b, MO3BOJAIOMAA, SKCICPUMEHTUPYA
¢ marepueil, ycramoBuTh GoJiee [eTaJbHO CBOMCTBa HAIIETO
mupa; ugesam Weyl’s s cauTaio HYKHEIM OTBECTH COOTBETCT-
BYIOIEe MECTO B TpeTheil IjaBe.

Komern Tperneii raasu Gymer mocBamen Bompocy 06 o6GmemM
yeTpoiicTBe Hamieil (caMo co6Goit pasymeercs, MaTepHAJIbHON)
Bcenennoii. Hak Gs HE OhI# mMAaTKH HAIOU cOOOpaykeHU:A,
Kacamomuecs: 9T0#l 061acTH, HO OOMMWPHOCTH 3a[Ja4d 3aCTaB-
JIeT OTHECTHCh K HHM ¢ HeoOhYaifiHRIM WHTEpecoM. JTOT BO-
mpoc o BcemenHo# a1 cumraio 0c000 HEOOXOIMMEIM OCBETUTH
¢ MOJDKHOM 1mompo0HOCTBIO, TaK Kak, Ojaromaps «Mojie» Ha
NPUHOUTI OTHOCUTEIBHOCTH U OOJBIIOMY KOJHYECTBY MOMY-
JIAPHHEX KHUT U JEKIWH, TPaKTylomux o0 5ToM IpUHOUIE, He
TONBKO. B «00IIECTBEY, HO U B 60jiee Y3KHUX CIeNUATLHBKX KPY-
rax pacupoCTpPaHEHH COBEPIIEHHO IIPEBPATHHIE CBEIEHUA
0 KOHEYHOCTH, 3aMKHYTOCTH, KpPHUBHSHE W T. I. CBOHCTBAaX
HaIero OpPOoCTPAHCTBA, KOTOPHE OyATO OB yCTAHABIMBAITCH
OPUHOUIOM OTHOCUTEIbHOCTH.

5. JlaOu usGesxaTh o0pasoBaHUA y YNTATENIA HENPABUIb-
HOTO TIPEJCTaBICHUS O HACTOAImEH cTaThe, aBTOP ee JI0JDKEH
OpefyupeauTh, 4To OH HU B KaKO# Mepe He pHI0cod M K M3iI0-
FKOHUIO IPUHNUIA OTHOCUTEIbHOCTH IPUCTYHAET ¢ YMCTO Mare-
MaTHYeCKON TOYKM 3peHusa. BecbMa BO3MOMKHO, 9TO 9TO
eUHCTBEHHAS TOYKA 3PEHHSI, ¢ KOTOPOH MOMKHO, 6ojiee mim
MeHee FICHO, IPEeJICTaBUTh cefe OCHOBAHMA NPUHOMOA OTHO-
CUTEJBHOCTH.

Becnomesno mompo6HO YKasHBAaTh JHTEPATYPy 1[I0 TeM
WM WHEIM BOIPOCAM IPUHOHUNIE OTHOCUTENBHOCTH, TaK Kak
monmyJApHAA JATepaTypa HAYEro He PasbACHIET, a CIOIUAJb-
Hasa Tpefyer AJiA HpaBUIbHOTO MOHHMAHHUA CBOETO OLPOMHOIO
MaTeMaTHIeCKOTO ammaparta. ¥ KasKy BCE e HECKOJBKO CIle-
OUAJBHLEIX KHHUT M CcTaTell, IOCBSANMEHHHX HPUHIUNY OTHOCH-
TeJIbHOCTH.
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Nachrichten. 1916.



Fmasa 1

NMPOCTPAHCTBO

Bea MEPOI U UUCAOM COMEOPU eCU.
«Kuura IIpemynpocru COTOMOHOBOIL».

§ 1. 1. PaccmarpumBas pasimdHbIe  C60L-
Haumepenne  CMéa, UpUCymue o0beKTaM MaTepHalb-
BeJHIHH HOTO MHUPAa, MBI MOKeM CTPYIIUPOBATH

BTH CBOWCTBA B 0COOBIE K.aaccel, OT-
HOCA K OFHOMY KJAccy CBoiicTBa, 00-
Jafaomue KakuM-au6o o0muM Opus-
gakoM. CBoiicTBa, OTHeCEHHHE K OFHOMY Kiaccy, oOpasy-
0T  MH02006pasue, KOTOpPoe MoykeT o0dajgath Tol wiau
WHOH MON[HOCTGHIO, WHAYE TOBOPS, MOKeT OBITh B GOJBIIHH-
cTBe CcIyd4aeB I[PUBEJEHO B OJHO-OMHO3HAYHOE COOTBETCT-
BUe uau ¢ MHOT006pasmeM LeJBIX 9YHCeJd, WIH ¢ MHOTroo00-
pasweM Bcex 4UHCeN, WIM € MHOTooOpasuweM Imap, TPOEK
u T. H. Beex umcea. HakmoMmy CBOMCTBY MaHHOTO KJiacca
Oyier oTBeYaTh OJHO U TOJHKO OJHO YUCIO (MJIU OFHA U TOJNb-
KO OffHA Iapa duces, WJINW OFHA U TOJHKO OJHA TPOMKA Qmceln
U T. [I.) 9UCIT0BOr0 MEOT000pasus, u o6paTrHo. ¥ cTaHOBJIEHUE
OpaBWi, MONB3YSACh KOUMH MOMHO IO [JAaHHOMY CBOMCTBY
RJIacca OTHICKMBATH COOTBETCTBYIOMEE eMy 9HCIo (uiu mapy,
UIu TPOHKY dHCeN) W N0 AaHHOMY duciay (UJIH IO JaHHOM
nape, uiam Tpoilke M T. I. YHWCEJ) OTHICKMBATH OTBEYAIONIEe
eMy (uM) cBOICTBO KJjacca, HA30BeM, paju KPaTKOCTH, apug-
memusayuell 0annoeo kaacca.
[Ipusenem mapy upocreiimux mpuMepos. Jlogu oGmagaior
CBOIICTBOM MMETH IIOJI; COIIOCTABUM CBOMCTBY delloBeKa GHITh
senmunoil gnciao 0, a cBOHCTBY 4eloBeKa OHTH MYMKIMHOMH
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umcao 1; ycTaHoBIeHHe 3TOTO NpaBmia acT HaM apuMeTH-
33UMI0 [AHHOTO KJacca CBOWCTB. DBce MarepmajbHEE Tela
o0JiafaT cBOWCTBOM mMeTh o0beM; ompenensas o0beM 00bIY-
HRIMM IIpHeMaMu B KyOWdYecKMX MeTpaX, HRaiimeM IpaBHIIO
COTIOCTABJICHUST TUCeI ¢ 00beMaMd NaHHHX 00BEKTOB, MHAUe
TOBOpPsA, HOAyYIuM apudMeTH3amuI0 Kiacca o6BEMOB.

2. Apudmernsanms JaHHOTO KJAcCa CBOMCTB MOKeT TPO-
W3BOJUTHCS BCeT/[a COBepIneHHO HpousBoabHo. IlycTh, omHA-
KO, CBOiI¢TBa MTAHHOTO Kjacca OYAYT TaKOBH, 4TO K HEM
MOKHO Gy/IeT IPUMEeHATH MoHsATHe GOJbINe MIu MeHbile (CooT-
BETCTBEHHO, KOHEYHO, OIpejielleHHbIEe); CBoMicTBA TaKOTO
Kjlacca ycloBUMCA HA3BIBAThH umMeHcugHocmamu. Bcan apnd-
MeTH3annsA JAaHHOTO Kjacca NMPOH3BedeHa Tak, 910 Golbpmiei
WHTEHCHBHOCTH OTBeuaer 6Gojbiee 4mMcio, TO TaKas apudme-
TH3aIUA HA3bIBaeTCH oyerkoii. CTemeHb IO3HAHUSA yJamUXCA
€CTh MHTEHCHBHOCTH (IIPEAIIONIATAETCH, YTO MBI yMeeM OIpe-
JIenATh GO0 MM MEHBIIYIO CTeNeHb MO3HAHWS)— IIATH,
WJTH [BeHAIATUOAIbHAS CHCTeMa OTMETOK ecTh apudMernsa-
nusA Kjiacca CTeleHW MO3SHAHHA ydauluxcs, HasBaHHAsS HaMHA
OIICHKOM.

Camo co0ol0 pasyMeercs, 9T0 BCAKHH KJacc CBOHCTB cTa-
HET KJIaccoOM WHTEHCUBHOCTEH, KOJb CKOPO MBI OIIPeHellnM,
TaK WU WHAYe, IOHATHE 0OJBIIe WIN MeHbIIe B IPUIOKEHUN
K CBOiicTBaM [aHHOTO Kjacca. BOIBMIUHCTBO CBOHCTB, HaMH
43ydaeMHEIX, OTHOCHTCS HEIOCPEeICTBEHHO K paspAny HHTeH-
CHBHOCTEH, TAK KaK, IPU CAMOM ONpeflejJeHNN JaHHOTO KJjac-
ca CBONCTB, yiKe yCTaHABIUBAETCA MOHATHE 00IbIe UK MEHD-
lre B OPUJIOKEHUN K cBoiicTBaM aToro kiaacca. Maorpa, ofgHa-
Ko, CBOMCTBA HIPEACTABJISAIOTCS B TAKOM BHAE, YTO IePeBO]
UX B paspsAf WHTEHCUBHOCTH TpebyeT NOmMOJHUTEIbHEIX
ompefesNeHntl; OpUMEPOM MOJKET CJIYKUTh CBOHCTBO MOHO-
XpPOMATHYECKOTO Jyda UMeTh I[BeT; ¢ NMepBOro B3TJAmA Ka-
;eTcsA ABHO 0ECCMBICIEGHHKIM CYMTATH [BET MHTEHCUBHOCTBHIO,
OJHAKO, BBelf [ONOJHUTEJIbHOE OIpegeneHne, MEl MOMKeM
CIUTaTh, YTO TOT IBET 00JbIIe, KOTOPHH uMeeT OOJIBIIYIO
IJIVAY BOJHE; KOJb CKOPO OIpejielenyie 3T0 OyaeT BBEIeHO —
fBeT CTaReT WHTEHCHBHOCTHIO, U HETpyAHo OymeT apmpmern-
3UPOBATh 3TOT KJIACC CBOHCTB Tak, 4rTo0B apudmernsanus
crana 6u onmerkoii. Mrak, mepeBoj Kiacca ¢BO#CTB B paspsan
RJacca MHTEHCHPHOCTEH IEIMKOM 3aBHCHT OT HANIUX oOlipe-
JelleHNN U, cjef0BaTelbHO, OT HaIero mpomseoda. Bompo-
COB 1eec000Pa3A0CTH NPUMEHEHNUSA TePMUHA HHTEHCHBHOCTH
K TOMY MJIU MHOMY CBOMCTBY 51, KOHEUHO, He KacaloCh.
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3. Cpenv MHTEHCHBHOCTEH BHITENAETCS HCKJIOUIATENHHAA
rpynna, obaamzamomas XapaKTepHHMH CBOICTBaMH, I103BOJA-
OMUMA  TPOH3BOAUTH 0co0yl0 OneHKY (apudMernsanumo),
naswiBaeMylo uameperueM. Ilycts A1, A2, As, ... Oyayr un-
TEeHCUBHOCTHMHU [aHHOTO Kiacca A; Tak Kaxk MBI HMeeM [1eJ0
¢ HHTEHCUBHOCTSIME, TO Y HAC UMEETCH ONPEeIeHHue TOro, 4To
osmavaer cysxmenue: A1 mMerpnie A4 2. Ilomomnm, aro gus un-
TEeHCUBHOCTeH Kiacca A MBI, TaK WJIM HHAYE, ONpPeNeanM MHo-
HATUE O MPer PABHOOMCMOAWUL UHINEHCUBHOCMAZ; TIPU 3TOM
oy, TPeMs PaBHOOTCTOANMMY MHTEHCUBHOCTAMU OyIeM IIoj-
pasyMmeBaTh Takue uHTeHcuBHocTH A1, A2, As, uto A1 Ha-
CTOIBKO MeHbIIe 42, HacKoIbK0o A 2 MeHbme As. YcIoBUMCH
UHTEHCUBHOCTH Kjacca A, K KOTOPHM NIPHUMEHMMO IOHATHS
0 PAaBHOOTCTOSIMMUX MHTOHCUBHOCTAX (TaK MJIM MHAYE HAMU OI-
pelesienHoe), HA3KIBATh USMEPUMbIMU UHIMEHCUBHOCTIAMLU.

Camo co0oif pasyMeercsi, 4TO BBeJeHHEM COOTBETCTBYIO-
mero OIMpeflelIoHns MOKHO Ji060il Kiace HHTEHCHBHOCTOMH
celIaTh KIACCOM M3MEPUMEIX HHTEHCHBHOCTEH; Toq00HO TOMY,
KakK 9TO MMeJI0 MecTo [IJIA IepeBojia CBOMCTB B paspsf MHTEH-
CHUBHOCTeil, ¥ B HACTOAIIEM CJIydae MOTYT NpPeACTaBUThCSA [Be
BO3MOKHOCTM: WM, IIPM CAMOM YCTAHOBIGHHH KaKoro-iubo
KJlacca UHTEeHCHBHOCTeil, Oyher JaHo ONpegejeHue HOHATHA
0 PaBHOOTCTOSIMUX WHTEHCHBHOCTAX, M TOTHA MBI, C CaMOTO
Havaja, OygeM MMeTh [IeJI0 ¢ HM3MEePUMLIMU WHTeHCHUBHOCTIMH,
WIM, TPU YCTAHOBICHMM Kiacca MHTEHCHBHOCTeH, MOHATHE
0 PAaBHOOTCTOAMUX WMHTEHCHBHOCTAX ompeeieHo He Oymer,
B TAKOM cJyd9ae JaHHHH KJIacC MHTEHCHUBHOCTEH MBI MOMKeM
HepeBeCTH B paspsl W3MEPHUMLIX JIMIIb MOCHE TOMOIHUTENb-
HOTO BBEOHHS YIOMAHYTOTO IHOHATHSA O PABHOOTCTOAMIUX
HHTeHCUBHOCTAX. [IpuMepoM WMHTOHCHBHOCTH, C CaMOTO yCTa-
HOBJIEHHS CBOEr0 ABJAIOMENCA WHTeHCHBHOCTHIO M3MEPUMOIL,
MOKET CAYKUTHh 06beM MaTePHAILHOTO TeJIa MK JJINHA 0TPes-
Ka IpAMOIi; B caMoM Jiesle, yeTaHaBauBasdg MoHATHE 00 o0BeMe
WIH 0 AJUHEe OTPe3Ka mpAMOM, MEI ¢ CaMoro HAYajga IaeM
olipeleJieHne TOro, 9TO cJegyeT IOBIMATh IMoj GOMBIUM 00%b-
eMoM Uy O4IbINel IINHOM, a TakKe, 4Té cielyeT NOHUMATH
TOX TpeMs PAaBHOOTCTOAINMMH AIMHAMU Tpex orpesxoB. Ha-
060pOT, NATERCHBHOCTh CTeIeHN TTO3HAHNA yIaIluXCA, ¢ CAMOTO0
YCTaHOBJIGHNST CBOCTO, HE ABIAETCA H3MEpuMoil, m 1[0 Cero
BPeMEHH OlpejleieHre IOHATHA PaBHOOTCTOAMIRX CTeTleHel
TMO3HAHWS YYaIqUXCA HE YCTaHOBJEGHO.

4. Tpowssegem apudmerumsaumio (OHEHKY) Kiaacca m3Me-
PHUMBIX HMHTEHCUBHOCTOH, HO 3Ty OINEHKY Mpou3BeleM TaKHM
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ofpazoM, 4To6r ToOCTeq0BaTeNbHEIe PA3HOCTH 4YNCes, OTBe-
9amux JM00EM Tpes PaBHOOTCTOAMEM WHTCHCHBHOCTAM,
Golix GBT paBHEI MeKAY co00ii; WHAUe ToOBOpPA, €CIH di, A2, A3
CYTh UHCIIa, OTBEYAION[ie IIPH ONEHKEe TPeM PaBHOOTCTOAIIUM
¥ YBeJMYWBAKOIMUMCA WHTeHCHBHOCTAM A1, A2, As, TO
az — A1 = a3 — Q2.

ITono6HOTO poma OmEHKY Kjacca M3MePUMBIX HHTEHCHB-
HocTell BynmeM HA3HBATL uameperuem. Mut Bunenn, aro apud-
MeTH3anMi0 JAHHOTO KJIacca CBOMCTB MOMKHO HPOM3BECTH CO-
BEPIIEHHO IPONBBONHHEIM 06pa3oM, B OIEHKE J[AHHOIO KJacca
VMHTEHCUBHOCTeH IPOW3BOJ HECKOJIbKO MEHBINE, HO BCe JKe
Ype3BEYANHO 3HAUWTENIEH; MOCMOTPHUM, KAKOH NpPOW3BOJ MO-
meT ORITh JOTYNIeH TPU W3MEePeHUM JAaHHOTO Kjacca M3Mepu-
MBIX wHTeHcHBHOcTe#. IlycTs mammeiii Knace 4 M3MepPUMBIX
WHTEHCHMBHOCTOH W3MepeH [BYMSA PasiMIHLIME cIocobamu:
Opu nepBoM chocobe m3aMepeHus WHTeHCUBHOCTAM A1, Aa,
As... oTBe4dIOT umCIA a1, A2, @3..., IPH BTOPOM — THCTA

a1, as, as... U3 cBoiicTB apmpMeTnsamuu cieayer, 4To a =
= f (a), rme f — ompepmeieHmas OfHO3HAUHAs (YHKIUA «;
ecaa A1, A2, A3 Tpu KaKkue-1u60 PaBHOOTCTOAMUE BeIUTNHEI,
TO, 10 OCHOBHOMY CBONCTBY, @3 — @2 = @2 — Q1 W, OFHO-
BPEMEHHO, a3 — Q2 = @2 — @1; TaKUM o0pasoM, IpH dy ==

a a - a. a
= ——i;;inmeeT MeCTO PaBEHCTBO (g = —3—_]2_; , HO, TaK

Kak a = [ (a), To Mn Gygem mmerh f(ay) = sz-(—@ ,

wn f (as-iz- @) _ f(as)—;f(al)

npu BCeX dy, 43, B3aMeHAA

a, Ha I, a; — Ha y, HaljeM, 4To IpH BCeX z U y OymeM
uMerh cieayiomee (YHKIMOHAIBHOE COOTHOIIEHUE:

MoskHO mokasarh, 9To pemenue QYHKIHUOHAIBHOIO ypasB-
penust (1) mpencraButca B ciaemylouieM BHe:

/(@) = pa + h,

e W m kA — TOCTOAHHLIE YHCIHA.
Haiigennoe Brpaskernue aad f(a), o4eBUAHO, YIAOBICTBO-
paer ypasuenuio (1)

x

pEFL bh =g atht gt h) =g+ y) A
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Taxum oOpasoM, M Hamuium obmumit Ban f(a), mo3Bouasio-
muit oT 0JHOTO cocoba M3MepeHus LepeXOoauTh K APYroMy

@) i=/(a) = pa+h

dra obnfasa gopMyna mepexofa OT OfHOro cmocoba maMepe-
HEA K JPYTOMY cofep:uT B ceGe nBe mocrostumbie. ITocrosn-
Hasg h Xxapakrepusyer coGOH WPOUBBOIBHOCTH HAUAABHOZ0
3HauenUs; MHAYe TOBOPs, IPOU3BOIBHOCTh TOH HHTEHCHUBHOC-
TH, KOTOpas OTBeYaeT HYJEBOMY 3HAYEHWIO M3MEPAIOMEro ee
qmcaa.

IMocroarmas p xapakTepmayer co000#f IPOU3BOJIBHOCTH
eOuHUYbl UBMepeHUus, WHade TOBOPH, INPOU3BOJBHOCTH TeX
IBYX WHTeHCWBHOCTeli, PasHOCTb YHCEJ, U3MEPAKMUX KOTO-
peie, paBHserca 1. 3amaB HavalbHOE 3HAYEHHE W ENUHUIY
u3MepeHnsA, Mbl, KaK JIerKO BHAETH, ONpegejuM BIOJNHE N
€IMHCTBeHHEIM 00pasoM ofe IocTosHHBE | # A, BXOAAMUE
B QopMyny (2), mHA4Ye TOBOpPH, OUPENEINM eJNHCTBEHELIM
o0pa3oM u3MepeHNe MHTEHCUBHOCTOH JaHHOrO Kiacca. B ca-
MOM Jelle, IIyCTh MHTEHCHUBHOCTh Ao Kiaacca A- ecTb Hadalb-
Hoe 3HadeHme (T. €. IPU U3MepeHUH AoJxHAa oTBedarh (), n
TMyCcTh MHTEHCHBHOCTH A1 U A2 ompefensior co0oil equHUILY
n3MepeHUs (T. e. IYyCTh MPH M3MEPEHHH PA3HOCTh YUCOJ, M3~
mepamomux A1 u Aq, 6ymer pasHa 1); mpousseneM KakaM-1n60
ofpasom wu3MepeHHe Kiaacca A; MONOHM, 9TO IIPU ITOM
n3mepeHun uHTeHCUBHOCTH Ao, A1, 42 OYAYT oTBEYATH UCIA

a,, 41, A2, TOTHA MCKOMOE M3MEPEHNe NacT HAaM 4MCIA &, CBfi-
B4HHEIE C TIOJYYEHHHIMA IPH BBEJEHHOM M3MEPeHUM YWCIaMu
a coorHOmenMeM (2), HaM ocTaeTcs Mofo6paTh p U h Tak, 9To-
66t a0 = 0, a2 — a1 = 1, mHage roBOps, TaK, YTOGH YMOB-
1eTBOPAINCH PABEHCTBA

P«ao‘|‘h=0, “‘(a2—a1):11
OTKYJAa
1 Qo

”:———’h:-—-

ag — a1 as — a1 :

n. B o0wuHOH DHpakTHKe H3MEpeHHI MH Ype3BHYANHO
9acTO CTAJKHBaeMCs ¢ IPOW3BOJOM eNUHUIE W3MepeHuit 7
TOPa3mo peke ¢ IPOM3BONIOM HAYAJIBHOTO B3HAYEHHUS, ITO
NpouCcTeKaeT BCIAEACTBAE MPAKTHIECKOr0 yHolGcTBa BHIGUPATH
3a HaYaJIbHOE B3HAUEHME TaKyH0 HWHTEHCHBHOCTh [aHHOIO
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KIracca, Koropas o0JagaeT HEKOTOPHIME 0COOHIMA CBOICT-
Bamu. Tak, mampmMep, TpW N3MEpeHHW AJKWHE OTPE3Ka 3a
HavanbHOe 3HAUYEHWe Bcerja GepyT MIUHY OTpeska MpAMOM
MEKIY COBUAJAIOIUMU TOYKAMHU (NJIMHY TOYKHW), TOIJlA Kak
3a eUHUITY u3MepeHus GepyT camsie pazHooOGpasHble PasHO-
cTH AaAuH (apmwuAsi, GyTo, METPH ¥ T. I.).

CymecTByeT, 01HAKO, HHTEHCUBHOCTH, B KOTOPOi HpaKTH-
Kol ysakomneHo Goxbmioe pasHooGpaswe HAYaJIBHEIX B3HAYE-
HU#, — 3Ta MHTEHCHBHOCTbL — Temmeparypa. B camoM nede,
TUIA m3MepeHHsA TeMiepatypsl B rpagycax Lleascus u Peomro-
pa Ba HavalbHOE 3HAYEHHE MKl OepeM TeMmepaTypy TAlCIIero
IbJa, TOI/la Kak IpPW H3MEPeHHH TeMIepaTypsl B Tpagycax
Qapenreiita MB DPUONCHBAGM TeMIEpaType TaIHEro JbAa
qucio 32, a OpW W3MepPeHMM TeMIepaTypsl B rpajaycax abco-
niotHON nrkanel — gucao 273. Camo coGoit pasymeercs, 9To
U eJUHWLA M3MEPeHHs TeMIepaTypH MeHseTcsa: TaK, I
rpagycoB Lenbcusa Mbl mMeeM, YTO pasHOCTb YKMCEJ, OTBe-
9alomUX TeMIeparypaM NapoB KUNAMEH BOJH M TAIOMEro
aega, Oymer paera 100, a mus rpapycos Peomiopa aro gucio
oupegenserca Bcero B S0.

6. fI ocramoBumcs cToab moapoGHO HA Bompoce o6 m3Me-
perun 1o aBymM npuyuHaM. C omHO# cTOpOHE, HaM HeIpe-
PHIBHO B NalbHeiimeM mpujercss DPOTHBONOCTABIATH IPOLECC
npocToii apuMeTH3ANWY IPOLECCY W3MEPeHusi, a ¢ ApPYroii
CTODOHHI, B BOIPOCe H3MepeHHd, CTOJb HPOCTOM MO CyIe-
CTBY, 3aMedaercsl 3HAYWTeIbHAS HEJOTOBOPEHHOCTH BO MHO-
rmX Kypcax MeXaHUKHN W (U3HUKHU, CTABMIUX KIACCHISCKUMH;
yCTAaHOBUTH GOMBIIYIO ONMPEJeNeHHOCTh B OTOM BOIPOCE H
BMeCTE€ ¢ TeM TII0Ka3aTh, CKOJb GOJBIIOH MPOUBBOJ UMeeT
MecTO IIPH YCTAHOBJIOHUW W3MEPeHHs, u Oblio Moeil sagadeit.

Urak, BcAKUA Kjacc CBOWCTB MOKeT ObTH apupMeTH3H-
poBaH; eciu cBoiicTBa 3TH Jenaiorcs (IyTeM HAIIEro oIpefe-
JICHWA) WHTEHCUBHOCTSAME, TO MH MOKEM He TOJbKO apudme-
TH3UPOBATh MX, HO W ONEHUTH MX YHCIAMHU; HAKOHEN, eCJH
MHTEHCUBHOCTH NAHHOTO KJACCA HEJAIOTCs (OIATH-TAKU IIyTeM
HAUlero ONpeAeJeHHsI) M3MEPUMBIMH WHTOHCHUBHOCTAMH, TO
ME MOKE€M He TOJNBKO OmEHUTh MX YACIaMU, HO H3MEPHTD;
usMeperne OyaeT BRJIKYaTh B cebe W3BECTHHII TpPOU3BOI,
KOTOPHI yCTPaHSAETCS, eClIX MH YCTAHOBUM HAYalbHOE 3HA-
denye U eNUHULY M3MepeHwud.

1 CM. mpekpacHyo ctatblo: Runge, Maass und Moes-
sen. Encyclopedie d. Mathemat. Wissenschaften, Bd. V.
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§ 2. 1. TeoMerpudeckoe  HpoCTPAHCTBO,
Apudmermsamus I TPOCTO NPOCTPAHCTBO, €CTb CO-
N POCTPARCTBA BOKYIlHOCTH Beme#, HA3LIBAeMHIX TOY-
KaM#, JUHASAMA, IOBEPXIOCIAMH, yI-
JIaM#, PacCTOSHUSAME W T. I., CTOAIUX
MeKY co60#f B ompegesieHHHX OTHO-
MeHNAX, YCTAHABIHBAOMBEIX CHCTEMOM
AKCHOM W BHITOKAIOIMZAX W3 3TUX akKcuoM Teopem® . I'eomer-
PHYECKOMY IIPOCTPAHCTBY MOKET OTBedaTh (U3MIeCcKoe Ma-
TepHalbHOE IPOCTPAHCTBO B TOM CMEICHIE, UTO KayKmoil Be-
My TEeOMeTPWYeCKOT0 HPOCTPAHCTBA MOMKET COOTBETCTBOBATH
Kakoii-1u60 o0pas mpocTpaHCTBA (YUSHYECKOTO; COOTBETCT-
Bre (W3NYECKOro IIPOCTPAHCTBA TeOMETPHIECKOMY MOKET
GHITH OCYIIECTBIEFO BechbMa MHOTODA3JIHIHHIMA W 9acTo (an-
TACTUICCKEMU CIIoCOGaMm: OCTATOYHO BCOOMHUTH MHOTO-
o0pasHEIe MHTEPUIPETAllME TAaK HA3KBAGMHX HEIBRIMIOBHIX
reoMeTpuii, HHTEPIpeTaNUA, ONEPHPYINUEe ¢ NPOCTeHIIMMHA
¢msmaeckumm oOpaszamu. MEI yBHAMM HUIKE, UTO U TEOPHUS
OTHOCHTENIbHOCTH €CTh TOMe [PAHIUO3HAS WHTEPIPETAmns
reoMeTPUIECKOro IPOCTPAHCTBA YOTHPEX HM3MepeHHi, HHTep-
mperanus, ONepUpyomad yMKe He C IIPOCTHIME, a C BechMa
caouBIME (umamdeckuMu obpasamm. HeoGxopmMo 3fmech e
yKasaTh, 9T0 ¢uamdecKoe INPOCTPAHCTBO €CTH HPOCTPAHCTBO
Mmamepuasvroe, 9T0 BCO OGpasHl NPOCTPAHCTBA TIeOMETDPH-
9eCKOTO0 WMHTepPIPeTHPYITCHd B (WBNIECKOM IIPOCTPAHCTBE
WA MAMepUAIbHIMU 06oeKmami WIN IKe MaTepUalbHHIMHA
IeHCTBUAME ¢ HUMH.

Touxn mHamero (TpexXMepHOT0) MPOCTPAHCTBA 00IaJAIOT
BCe CBOHCTBOM MMeTh ONpeIeleHHOe II0JN0KeHAe B IPOCTPAHCT-
Be, HHAaYe TOBOPSI, MOTYT OTIMYATHCA APYT OT Apyra. Apud-
MeTHBHDPYeM 5TOT KJIacC CBOMCTB, NPHUINCAB KaKKOH TOUKe
IPOCTPAHCTBA ONPENEICHHYI0 TPOMKY Umcel; KasKA0H Tpoiike
ances GymeT oTBeYaTh OJHA W TOABKO OFHA TOYKA HPOCTPAHCT-
Ba. IlomoGuyio apmpmermsamuio HasoBeM, PajgW KpPaTKOCTH,
apugmemusayueii npocmpancmea. Ilpomecc apupMeTHsamum
HPOCTPAHCTBA COBEPUIEHHO IIPOM3BONECH; BEHIGOD yHOMAHYTHIX
TPOEK 9umcesl HWYEM Halepe] He OTpaHMYeH. Y CTAHOBHEM, Ka-
KuM o6pasoM, BHOpaB ogua cmoco0 apuMeTH3anum Ipo-
CTPAHCTBA, MH MOKeM IepeliTm ¥ KawoMy-Iubo apyromy
cuoco6y apudpmermzanuu. IIycTs B mepBOM ciydae Touke P
npocTpaHCTBAa OTBeUalNa Tpolika 4mcex X1, X2, r3; IYCTh BO

1Cm.: Hilbert. Grundlagen der Geometric.
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BTOpOM cmocobe To# ke Touke P mpocrpancrBa Gymer oTBe-

49aTh Apyras TpoiiKka 4ucex zi, £z, £3; TOTJa 0YeBUHO, YTO 110
1IePBOH TpoOiiKe MOKHO OyIeT ompemeduTh BTOPYID TPOUKY;
ciesiaB mofRoGHOe OIpefiesleHNE IJiA BCeX Touek P, GymeM uMeTh
cliefiyiomee COOTHOUIEHHE:

= f1 (xh T, 333),
2 = f2 (-’171, T, $3),
Z3 = [3 (1, T2, %3).

Tpoiikm 4mcen, mpw IoOMOmMY KOUX MEI apuMeTH3HpyeM
TPOCTPAHCTBO, HA3HBAWTCA Koopduwamamu (06o0IMEHHEIMMT);
nepexoy OT ORHOTO ciocoba apuPMeTHsaliyu NPOCTPAHCTBA
K JIDYTOMY Ha3HBaeTCsa npeobpasosaruem KoopOunam.

2. BecbMa BajKHO ¢ JOIKHOM ACHOCTHIO TPEICTaBUTH cebe
TIOJIHBIH TPOU3BOJM apu@MeTW3amuM IPOCTPAHCTBA W HE CBA-
3HIBATh apHPMeTU3aLHI0 MPOCTPAHCTBA ¢ YCTAHOBJIGHZEM OII-
pefesieEHON OGHIIHON CHCTEMB KOOPIUHAT, HAIpuMep Ips-
MOYTOJBHAX, HPAMOJAHEHHLX, MONAPHHIX MIH BooOMIe KPU-
BOJIMHOHHKX KOOpPAWHAT. B caMoM fele, YCTAHOBIGHHES TOM
WIU WHOW CHCTEeMBI KOOPHWHAT TPeOyeT Ve SHAHUSA M3BECT-
HEIX CBOCTB Bemieil, cOCTABJIAWIIAX NPOCTPAHCTBO; TaK, Ha-
npuMep, YCTAHOBIEHHO® NPAMOYL'OJbHEIX HPSIMOJAHEHHBIX
KOOpPAMHAT TpeOyeT sHAHUA NPAMON JUHAY, CBOMCTB TEepIeH-
TUKYJIAPHOCTH ¥ [JIAHH NIPAMOJUHENHOr0 OTpE3Ka, cliefoBa-
TeJTbHO, Tpefyer Ieoro PsAfa aKCUOM U BHTEKAIUX W3 HUX
cBoiicts. Mexny TeM apudMermsamus IPOCTPAHCTBA He Tpe-
GyerT JeTalbHOTO BHAHUS €T0 CBOWCTB U MOKET OLITH IIPOM3BEIe-
Ha 6e3 Toro, 9TOOH Hamepe] yCTAaHOBUTH XapakTep HPOCTPAH-
crBa. Ha npumaraemeix depreyxax (pume. 1 u 2) mpoussemena
apudMeTwsanmusa MPOCTPAHCTBA (M OPOCTOTH TPOCTPAHCTBO
B3ATO J[BYMEPHEIM) [ABYMsA pasHEIMH croco6amMm, IpmYeM
OKOJIO KaJKJI0ON TOYKU HalmcaHa napa nudp, e orBedamomux,
JIJIS1 TIEPBOTO W BTOPOTO CH0c000B apuMeTusanuu; HeTPyLHO,
yTeM MCIBITaHUSA, YCTAHOBUTH, UTO IIePeXo/ OT IepBoi apud-
MeTHu3anuu (21, r2) Ko BTOpoH (1, Z2) COBepMAaeTCsA IO CeYyIo-
muM QopMydiam:

T, = Vx% + a2, x; = Ij c0S Zy;

r1 . o
—F——— = arc Sin —_—,
2 2 2 2
Vxl + 2 Vxl -+

Ly = Z; in Zo;

Zy = arc cos
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$OpMYIE TH XapaKTepU3YT OOHYHHIA IEepexof 0T MmpPAMO-
VTONBHBIX NPAMONEHEHHEIX KOOPAWHAT ¥ IOJAPHKEM Ha
miocKocern! .

3. ®maugeckoe HPOCTPAHCTBO, OTBeYalLIee TreoMeTphye-
CKOMY, CTAHOBUTCA apH(MeTH3NPOBAHHKM BMECTe C 3THM IIO-
cuegnuM. Ilo BeImodHeHWm apudMeTH3amUE OKOIO KA 0
«TOUKEY» (UBAIECKOT0 IPOCTPAHCTBA BHICTABJISIETCHA «TOCKA»
¢ HANMCAHHHIME HA HeH TpeMs 9dUCIaMHd, OTBEYAIOIUMH JTOH
TouKke. MBI Tak CBEIKJIHCH ¢ BTOU apudMeTH3anmell pusnIecKo-
T0 IIPOCTPAHCTBA, YTO COBEpPIIEHHO HE BIYMHIBAGMCA U He
3aMeuaeM HE ee CYNIHOCTH, HH ee IpousBosia. Mexmy Tem
HA3BaHAA WM HYMepamus YJIWL, JOMOB, STaKeil, KBapTHP
ABNAeT co0oit mpmMep apuMeTwsammd (GUBHICCKOTO HPO-
CTPaHCTBA, HNOPAKAIOMUil CBOMM HpoU3BOJIOM (0COGEHHO B
HAIIMX Yye3qHHX ropofax m B MoCKBe); TOYHO TaK ;Ke BEpCTO-
BELIE CTOJOBI W Me3KeBEIe MM TPHAHTYJIANUOHHbE 3HAKK TAK/Ke
ABIAIOTCA apudMmernmsanueir dacTd (PU3MIECKOro HPOCTPaH-
CTBa OKoJo Hamiell 3emim; eme Gojee MoaHO apupMeTH3AAA
oTpa)KaeTcsi Ha TPaJycHOH cmcTeMe reorpadmuecKmx KaprT.

Cremyer oTMETHTH, 9TO apuMeTH3amus MPOCTPAACTBA HE
HMeeT HHYETo oOImero HW ¢ M3MEpeHmeM, HH JTajke ¢ OIeHKOH,
TaK KaK MEL He oIpejelseM, 9T0 03HAYaeT HOHATHE 00JIbiie
WIF MEHBile B HPHUIOKEHHH K IOJOMKEHHI0 TOYKA B MOPO-
CTpaHCTRe.

4. YcranaBiuBas Bemy, COCTABJISIMEE IPOCTPAHCTBO,
¥ BHIACHASA WX B3aWMHEIE OTHOUIGHWS, MBI MOKEM pas3[eJuTh
cBolicTBa Bemell mpocTpaucTea HA gBa paspsaga. Opam GymyT
OeJIMKOM 3aBHCETH OT M30paHHOH! (Bcerpa mo HalieMy HpOH3-
Boxy!) apudmermsamumm NPOCTPAHCTBA, [PYTHe OCTAHYTCA
HeW3MEHHKIME, KaK Ol MEl HH apU(MeTH3WPOBAIHA IPOCTPAH-
ctB0. IlepBrie Bemu u CBOfICTBA YCI0BAMCA HA3KIBATH HecoOCMm-
8eHHBIMU, BTOPHE cobcmeennbimu. VIzydas B reoMeTpuaecKoM
maE PU3MIECKOM IPOCTPAHCTBE HECOOCTBEHHEIE €T0 CBOMCTBA,

1 Crmegyer OTMeTHThH, 9TO BBOJUMHI HaME cmocob apmpMmermsanmmm
ILUIOCKOCTH, CBOJANIMACA K NPAMEHEHWIO0 HOJAPHHIX KOODIMHAT, MMeeT
B OJHOH W3 TOYeK (AMEHHO B TaK HA3HBaeMOM Hadajie KOOPIMHAT)
ocobennocmy. JleficTBUTeNBHO, B Toake 21 = 0, 22 = 0 popMymsl, ompe-
JelAIomye MepPeXofx OT z1, 3 K z1, &2, He JAIOT OHNpPEJeJIeHHOT0 3HAYe-
HEA A Zs; IPEANOJ0KeHNe, KOTOPOe MEl CHellad Ha PHC. 2, MOJOKHAB
(B mensx GoxpImell ONmpeIeIeHHOCTH) MJIA YKA3aHHOH TOUKH 2 = 0,
HMeeT BeCbMa CYDIeCTBeHHHE HEJOCTATKA, CBA3AHHEE C IOHATHEM
HenpepuBHOCTH. Ilofpo6HEE Ha TOM 0GCTOATEALCTBE OCTAHABIMBATECS
3eCh HE UPEJCTABIACTCA BO3MOJKHEIM.
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MBI, B CyIHOCTH roBOpsA, OyZeM HCCleIoBaTh HaHHHIH cHocob
apndMeTH3anUN IPOCTPAHCTBA M TOXBKO KOTAA MK TIepeiiem
K cOOCTBEHHHM CBOWCTBAaM, TONBKO TOTJ[a MK GygeM Hm3ydarh
IPOCTPAHCTBO, KaK TaKOBOe, BHE 3aBHCEMOCTH OT IIPOM3BOJIL-
HO YCTaHOBJIEHHON Hamu ero apudmermsanuu. I3 ckasarHOTO
MOHATHO, HACKOIBKO BAKHO IJA HAC YCTAHOBIEHWE COGCTBEH-
HEIX Beleil 1 WX CBOWCTB B IPOCTPAHCTBE: HE CAENYeT, OLHAKO,
AyMaTh, 9TO M3ydYeHNe HecoOCTBEHHHIX Bemleil W CBOMCTB eCTh
geHYKHBH# Oamiact m omubka; Ges sHamwWA cdepmieckoil
acTPOHOMHAN HEBO3MOKHO OBLIO OH yCTaHABIWBATH 3aKOHBI
nBmxennss HeOecHHIX Tel, a MEKAY TeM cdepmdecKas acTpo-
HOMHS WMeeT IpeaMeTOM CBOMM KaK pas HecoOCTBEHHEIE
cBoMcTBa, OIpPENENeHHHIM o00pa3oM apHPMeTH3MPOBAHHOIO,
¢u3UIeCKOr0 B3BE3IHOTO HMPOCTPAHCTBA.

Co6cTBeHHBI® CBOMCTBA IPOCTPAHCTBA MOTYT OBITH BHIpa-
JKeHH CYMIeHUAME, GopMa KOTOPHIX He W3MeHsAeTCd, IIpH
mepexofie OT OfHO¥ apuMeTH3amuy IPOCTPAHCTBA K APYIoOH,
1o gpopmyaaM (3). Iroro posa oGCTOATETHCTBO BHPAKAIOT CIO-
BaMm, 4T0 COGCTBEHHEI® CBOMCTBA MPOCTPAHCTBA UHBADUAHM-
Hbl 0 OTHONIEHWIO K IpeoGpa3oBaEMAM KOOPAWEHAT IO $op-
mynam (3). Mu ysumum B manpHemeM, KakuM oGpasoM Ha
HAamwuX (QOpMYJIax W PACCYKEEHHAX OTPABHUTCA YKasaHHAA
HHBAPUAHTHOCTH COOCTBEHHHIX CBOMCTB HPOCTPAHCTBA.

5. Ilocme Toro, Kak MPOCTPAHCTBO TeM WM HWHHM CIIOCO-
oM apumpMeTmsmpoBaHO, HE TPYAHO AHAIUTHIECKH OIpefe-
IUTH KPUBYIO MOBEPXHOCTH IpocTpamcTBa. Kpusot 6ymer Ha-
BHIBATHCA COBOKYIIHOCTH TOYEK, MJIA KOTOPHIX KOOpPJAMHATH
OIIpeJleNIAIOTC PaBeHCTBAME

(4) zy = @1 (u), T2 = @y (U), Tz = @3 (u),

noseprHocmbuvio 6yI.I;9T Ha3bIBaThCA COBOKYIIHOCTH TOYEK, IS
KOTOPBIX KOOpPAWMHATHL OIpeNesalTCs paBeHCTBAaMH

(5) = P, (u1 U), Zy = Py (u9 17), Zg = g (u, U),

npnieM ¥, v ABJAITCA OPOM3BOJIBLHLIME HapaMerpaMu (me-
peMernriMu). Mcriarodan ws paseHcrsa (4) mapamerp u, MOJXy-
9MM ypaBHEHHS KDPHBOH B BHME IBYX PaBEHCTB

Dy (21, s, -’133) =0, O, (21, 22, x3) = 0.

WUcrmouas m3 pasencTs (5) mapaMeTps u, v, TOXYIHM ypPaB-
HeHHe ToBepXHOCTH B BHAe paseHctBa: @ (r1, r2, rs3) = 0;
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W3 TOJIBKO YTO CKA3aHHOTO SICHO, YTO JiBe IIOBEPXHOCTH liepes
CeKaIOTCA 10 KPUBOY W YTO BCAKAas KPHEBAA €CTh IepecedeHue
IByX IOBEpXHOCTeIi.

TakuMm oGpasoM, ycTaHOBIeHNe HOHATHH 0 KPHBOH W 0
noBepxHOCTH Tpeldyer Jumb apudMeTH3aIWE HPOCTPAHCTBA,
HO He TpebyeT 3HAHHA HUKAKUX CBOWCTB TIPOCTPAHCTBA;
BMECTe ¢ TeM 0YeBUIHO, YTO BUN ypaBHeHHU (4) u (9) cymecT-
BeHHeiimuM o6pas3oM BaBHCUT OT cIloco0a apupMeTmsamuu
nmpocTpancTBa. BosBpamasch K apudpMeTH3anuM TPOCTPAHCT-
Ba, yKasamHo# puc. 1 m 2, MEl BUIUM, 9TO KpUBAsA

=1, o, =u
H KpuBas

=1, T, =u

SIBISIIOTCS COBEPIIEHHO PAa3iIWIHBIME APYT OT Apyra (mepsas
B 0GHITHO} TeOMeTpUHN — NpsAMas, BTopas — OKPYKHOCTH). He-
TPYAHO BUETH, 9TO CBOMCTBO KPUBOI Coflep:KkaTh B ceGe HEKO-
TOPYI0O TOYKY IIPOCTPAHCTBA (IPOXOAWTH depes TOUKY) eCTh
CBOiICTBO COOCTBEHHOE, TOYHO TAK jKe CBOMCTBO MOBEPXHOCTH
coiep;KaTh B cefe HEKOTOPY KpUBYIO (I[POXOANTD depes Kpu-
BYIO) ecTh CBOMCTBO COOCTBeHHOE, MABAPUAHTHOE, 110 OTHOMIE-
HUI0 K I'Peobpa3oBaHmI0 KOOPAUHAT..

§ 3. 1. JIByM J06EIM TOYKaM IIPOCTPAH-
Merpuka crBa P m P’ comocrasiasiercss ocoboe
npocrpancTBa  IHECI0, HABHBAEMOe PACCMOAHUCM SMUL

mouek. Tak Kak 9TO 4YHWCIO BOOJTHE
ompefeaseTcsa, Kolb CKOPO TaHO HOJO-
yenue Touek P m P’, T. e. UX KoOpIaWHATH:

(xl’ o, Q’i3) n (xllr x;r x:;):

TO paccTrosgHUe ABYX Touek P m P’ Gymer ¢pymrmueit ykasaH-
HHX IMecTH 4Ydcena (ABYX Tpoek umcen); o0osHAYas YUCIHO,
BHpa)Kalomee paccTosgHme ABYyX ToueKk P m P’, cuMmBoioM
(P, P’), 6ymeM mMeTh:

, A
(6) (P’ P ) =D (xl? Lo, T3y X1, Xg, 13),

opu 5TOM MBI 6leeM CYuTaTh pPAacCToAHWe WNHBaPHUAHTHBIM
CBOMCTBOM IBYX TOYEK; (I)yHK]IHH D 6leeT, caMo coboit pasy-

MeeTcs, 3aBHCeTh 0T BHOOpa KOOPAXHAT, T. €. 0T ctocoba apud-
MeTH3auyM HpocTpaHcTBa. Ecam mpm BeiGpaHHOH apudmern-

22



sanuy OPOCTPAHCTBA HAMU ycTaHaBamBaercs ¢ymEKnusa [, To
MBI TOBODHM, UTO MEMPUKQ NRPOCMPAKCMEa onpededecHa; CaMo
coboil ACHO, 9TO, OIPEAENUB METPUKY HAJA OFHON CHUCTEMBI
KOOpAMHAT, HETPYAHO YyiKe, Hmpm momomu popmyan (3), ompe-
[eIUTh METPUKY HiA Jio6oro Apyroro cmocob6a apudmermaa-
nuE IpOCTPaHCTBA.

O6pamascs k puc. 1 1 2, ompenesum [1a mepBoro croco6a
apuMeTH3anuy ABYMEPHOTO IPOCTPAHCTBA PACCTOAHTE TOUCK

P (2, z5) m P’ (xl, xz)
caenylmuM o6pasom:
(P, P') = V(-’lf'l —x)? + (x2 — 7)?,

TOTHa HJA BTOPOTO cmocoba apumpMeTwsanud ABYMEPHOI'O 1IPO-
cTpamEcTBa Gy/MeM HMeThb:

(P, P') = VZ2 + & — 227, cos (T, — Zy);

o6e oTw (GOpMyHH [HAOT HaM Hame OOHYHOE (9BKIHUIOBO)
paccTOsTHEE ABYX TOYeK B NPAMOYTOJABHHIX NPAMOJHHENHBIX
¥ B MOJAPHBIX KOOPAUHATAX.

2. TpynaocTp M3y4eHUs PACCTOSHHUS MBYX TOUYEK 3aBUCHUT
mpesk/ie Bcero OT OONBIIOTO YWeiia TMEepPeMeHHBIX, BXOMAMUX
B ¢pyuxnumo D. UTo0s yupocTuTs H3ydenne paccTosHMmil, pac-
CMOTPHM paccTosRMA Touek P’, Gimskux K Touke P or aroil
caMoOfl TOYKM,HW IOCMOTPHM, KaK B DTOM Cly4ae BHIPABHTCH
¢ymrmua D; M yBEAEM, 9TO B paccMaTpHBaeMOM ciydae,
xorga P’ 6amsko K P, BoipakeHme pPacCcTOAHWUA ITUX TOUEK
OyrmeT KaK-TO 3aBUCETh OT KOOPAUHAT TOYKH P W BecbMa mpo-
cTo! 3aBHCETH OT 0YeHH MalbiX (GECKOHETHO MalBIX) pPasHo-
creil koopmuHart Touek P’ m P. IlpegBapurensHo, OJHAKO,
BBe/leM B paccMOTpeHUe He paccTosHme To4ek P’ u P, a KBaj-
paT 3TOr0 paccTOAHUA W OTPAHMYMMCS He TpeMsi, a BCero
AUMB ABYMS KOOpPIWHATAMHA>

(P) pl)2 =D*=A (xly a3 x;, x;)'

Yrobsr onpenenuts gpyrrnmio D mam A, HaM, KOHETIHO, Heo0-
XOUMO YCTAHOBUTH H3BECTHHE OTPAHUYEHHA, KOTODPHIE ML

! B mepBoM npuONmKeHWN, KOHEYHO.
2 9TOT mepexoj K JBYMEPHOMY NPOCTPAHCTBY [eTacTCs HAMHE JC-
KTIOIATCABHO B IeJAX YIPOIIEHHS.
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HAJIOKUM HA IIOHATHE PACCTOSHWSA: OTPAHMYEHUA 3TH, CaAMO
coboii pasymeerca, GyAyT HIpaTh poab aKCHOM B TOii cucTeMe
reoMeTpuy, KOTOpYI0 ME pasBmBaeM. UTak, IOJOMKEM, UTO

paccrosiame Touek (P, P') Gynmer o6iamaTh ciaeIyOMAME CBO-
CTBAMH:

1) Paccrosinme He 3aBHCHUT OT HOPSIIKA CIEIOBAHUA TOUCK:
(P, P') = (P, P), A (m, o5 %3, @) = A (%), x5 %1, Ta)-

2) Paccrosinme ABYX COBHAJAIOMKX TOYEK (TOYeK ¢ OfH-
HAKOBHIMU Koopjumuaramu) pasHo 0

(py P) = 01 A (xly Zo; X1, x2) = 0-

3) KBagmpar paccrosiHmA JBYX MOCTATOYHO GIAMBKHUX TOUEK
paznaraercsi B pajg Teiopa mo cremedsaM pasHocTedl Ko-
OpAMHAT 3THEX TOYEK

(7)) A (g, 25 2, 7)) = go+ g1 (%, — 71) + & (@, — ) +
+ gu (7] — 2)° + 12 (T, — @) (2, — 73) +
+ gon (3 — ) (@ — @) + g (7, — 2 + . .,
rje
80y 81y ¢ + +y 8115 8125 + + »

3aBUCAT, KOHEYHO, OT Z1, L2, KAK 9TO W HoJjaraercs B paAfe
Teitmopa.
Tar kak

A (xl’ Loy X1, x2) = g()

o ¢opmyae (7), To Ha OCHOBAHUE CBoiicTBa 2) g, o6partmTes
B 0. C npyroii cropoHs, IPH 09eHL MANHX PA3ZHOCTIX:

T, — Ty, T, — Ty

9jeHsl ¢ IEPBHIMU CTELEHAMH DTUX BexwauH B dopmyne (7)
GyAyT ®rparh TIaBHYI POJIB, KOJIb CKOPO g1, £2 me OymyT
OIHOBpPEMEeHHO o0pamaThCsi B HYIb, HO UJIEHH C IEePBHMH
cTelleHAMH H3MEHAIT CBOM B3HAK, KOIZA MH KOOPIHHATEL
nmoMensieM Mecramm: TakmMm obpazom (P, P’) m (P’, P) maa
I0CTAaTOYHO GAH3KAX MEEIy co00if Touek OyayT pasimuHb
0 3HAKY, 9T0 OymeT HPOTHROPEYUTH cBoicTBY 1) paccros-
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H]Zﬁ; 3HAYNT, HEOPEMEeHHO MBI JOJKIBL IIPeAnoJoKuTh, YTO

g1 =8 =0.
Ilonaras, 9T0

xl =z + Az, x2 = Ty + Az,

n cuuradg, 4To
Axl, sz

J10CTATOYHO MAJIBI, 6y11;eM NMeTh:

A= gqu‘i + 812Ax ATy + g01AZ ATy + oo Axg +

monyuennas gopMmyda s KBajjpaTa PacCTOSHHUHE COMEPIKUT
4 anera, HO B 3T0i# opMyne ecTh MoA00HLE WIEHH; IPABOMS]
ux 7 3aMeHAA Ax1, Az2 Ha dr1, dre (BenwdmHEI GECKOHETHO
Majse), OymeM WMeTh OKOHYATEIbHO:

(8) A == d32 = gudxi —I— 2g12dx1dx2 —I— gggdx;,

Tie 2g;s 3aMEHSeT BHIPAKEHHE g12 -+ g21; CJETOBATEIbHO,
gix CAMMeTPHYHO IO OTHONMEHWI0O K CBOWM B3HAYKaM, T. e.
gix = £xi; O9EBHUIHO, 9TO gi; BABUCHUT OT 1, L2. Beamuury A
Mbl oGo3HagaeM d9epes ds?; takmm oOpasoM, ds Gymer pac-
crosHue (B mepBoM Npubim:KeAnn) IBYX 66CKOHEIHO GIU3KAX
TOUEK.

Wrawx, ®BagpaTr paccrosHEs OBYX GECKOHEYHO OJIMBKUX
TOYeK ABJIAETCA KBaJparTHOU yHKOUeil 0T 6ECKOHETHO MAJHIX
pasHoCcTeil KOOPAUHAT STUX TOYCK ¢ KodPUIUeHTaMu, 3aBACH-
MUMYA 0T KOOPAHHAT OCHOBHOM TOYKH. SHAYEHNAE DTUX TPEX KO-
adprmnumenToB s M0G0 U3 TOUEK JBYMEPHOT0 HPOCTPAHCTBA
BIIOJIHE ONpeJieIUT MeTPHKY PACCTOSHUI B HAIIeM IPOCTPaH-
CTBe B HEIOCPeJCTBeHHOI GAW30CTH K JAaHHON TOYKE; MOMKHO
moKasarh !, 4r0 3HAYEHWE HTUX K0dQPUOHAEHTOB [JacT BO3-
MO}KHOCTBH TaK ONPENeNATh KBA[PAT PACCTOSHUA MIOOHX IBYX
TO4YeK, uro0n BeipakeHume (8) maBaso GH paccTosiHWe IBYX
0ecKOHeYHO GAUM3KHUX TOUeK. 3aMeTHB, 4TO M3yYeHHe PAcCTOs-
HUl B (U3WYeCKOM IPOCTPAHCTBE, B CBOW odepensb, Oymer
6asupoBaThCA HA PACCTOAHUAX BeCkMa OJIW3KUX IPYT & APYTY
TOYEeK, YCHOBAMCS CUUTATH MEMPUKY PACCMOAHUL RPOCMPAt-

! Ha poxrasaTeJbcTBE BTOTO YTBeP/KIEHAsS MLI OCTAHABIIBATHCH
3/1eCh HC MMeeM BO3MOKHOCTH.
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cmea onpedesentoll, K0Ab CKOPO Ham npu Oannol apugdmemusa-
yuu npocmpancmea 3adawst gy, kKak Gymkyuu xoopounam
Mmouer Haue20 RPOCMPAKCMEaq.

COBOKYNHOCTH gix, Kak (QYHKOUA KoopauHaT Toukm P,
HABHIBAETCA (PYHOAMEHMALLHBIM MEMPULECKUM MEH30POM.

Ilns tpexmepHOTO mpocTpadHcrBa OylaeM WMeTh HE TPH,
a mecTh KOdQPUIMEHTOB gk, I PopMyna (8) mepemumercs 110
AHAJOTMHU TaK:

9) ds® = gudxi + gzzdxg + gasdx“; + 2gosdrsdr; +-
+ 2g51dzsdxy + 2g15dxdTs;

TakmM o00pasoM, [IA TPeXMepHOT0 mpocTpaHcTBa (yHIaA-
MEHTAJbHHIN MeTpHYecKu# TeH30p OymeT COCTOSTH W3 IMeCTH
(QYyHKOUA KOODPAHHAT HAIIEH TOUKH.

3. Bpuny dpesBoigaiiHOW BayKHOCTH AJS BCEro JajJbHEH-
Irero MOHATHAA 0 (QYHAAMEeHTAJILHOM METPHYEeCKOM TEeH30pe,
paccMOTpHUM oIpefeeHHEIe BEINIe PACCTOSHUA B [BYX yKasaH-
HHIX paHee cmocofaxX apupMerusamuu JBYMEPHOTO IPOCTPAH-
cTBA.

B mepBom cmocobe mmeeM

A == (x’l -_ x1)2 —'— (x; -_ x2)2,
nHa4dYe roBoOpA:

g0 =0,8=0 =0 gu=1, g2=0, g5 =0,
go0 = 1, ds® = dxf -+ dx;,

MBI TIOJy9aeM OOHIHSIe (OPMYJIB aHAIUTHIECKON reoMeTpHH
IJI KBAagpara paccTOAHWA W IS KBajpara dieMeHTa AYIH.
Hecroapro Gosee CIORELI BHYACACHUS A apuMeTnsa-
OUE IO BTOPOMY cHoco0y; He TIPWBONA BTHX BHYUCICHUH,
3aMeTHM, 9TO JUJIA BTOPOro cmocofa apmpmermaamuu

5,70:0, §1=0, §2=0,g’11=1, §12:§21=01 5722:55%,
ds® = da? + 2%dx2,

B KaKoBO# ()opMyJie MBI y3HaeM 3JeMeHT IYTH B IOJAPHHIX
KOOPIHMHATAX.

4. CosepmeHHO SCHO, YT0, 3HAA A miau ds gag JIOOHX
TOueK 0ECKOHEYHO MAajlo PasHAMHUXCA OT TOUYK:H P, Mul OyneM
3HATh (YHJAMOHTAJbHHII METPWUECKWii TeH30p B TOYKe P;
B TO j;Ke BpeMs MBI MOKeM, ¢ MOMOImBI0 (PYH[AMEHTATBHOTO
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MeTPHIECKOTO TEeH30pa, OHpefeNHTh AJWHY [AYIH B3aJaHHOI
KPHBOHl MEKIY ABYMA ToUKaMm P; m P,; IOMeCTHM MeKIy
P1m P2 Ha KpuBOii 6ecInCIeEHOe MEOMKECTBO TOYEK I IIPOCYM-
MEDYeM B3aWMHEIE WX PACCTOAHMA, B pe3yibTaTe IIONIYIHM
guca0, KOTOpoe ¥ Ha30BeM JJIWHOM Jyru Hamedl KpuBoi
Mexnay Toukamu P1 m Pa. Ilonbsysice o6biamsiMu opMymnamu
MATerpalbHOTO HCYUCIeHnsd, OyaeM /A IIUHH OYTH KPHUBOi
mesray Toukamu Pim Ps: Sp, p, IMeTh cllegylomee BEIpayKeHHe:

Uy

Sp,p, = % ]/gll (%)2 + 82 (%)2 + ...du,

D
U;

rie ui, Ue2—3HAYEHNA MapaMeTpa y Hameil KPUBOMH NIA TOUeK
Piu Po.

5. ITocmorpuM, kKakum o6pasoM w3ydeHue (E3AIECKOTO
IpoCcTpaHCTBA MOKeT HaM yKasaTb (0 Kpaiimeil Mepe, mpuH-
QUOTAJBHO), KAKOBA 3aBHCHMOCTH QYHIAMEHTAIBHOTO METPH-
geCKOT0 TeH30pa OT KOOP/MHAT TOUYeK W KAKOBA, CIEHNOBATENb-
HO, METPUKA PACCTOSHUI TOT0 TEOMETPUISCKOTO HPOCTPAH-
CTBa, B COOTBETCTBIME KOTOPOMY TIPUBEIEHO HAalle U3TdecKoe
OPOCTPAHCTBO W IS KOTOPOIrO, CJef0BaTeNbHO, Hame Qi-
3WYecKoe IPOCTPAHCTBO ABisgercd maTepuperanuei. [lomosxnm,
9T0 MH YCTAHABIWBAEGM [JIfi HAMHX QU3WICCKHAX (TOUELKN,
ne;kamuXx Ha (usmuecKoil KpuBoil, ocoboe CBOWCTBO HUMETH
Pumsmueckoe paccrosHWe Mo KpwBoi. I[losomuM, dYro ¢ Ho-
MOIIBIO ONPENeNeHHEX (PU3NIeCKUX MAHUMYJISANAI M5 Iepe-
BOJUM 5TO CBOWCTBO B paspsaj cHAYAJa WHTEHCHBHOCTEIl, a 3a-
TeM W H3MEPUMHIX UHTEHCHBHOCTEH; HATIOMHUM, YTO I ATOTO
HaJl0 YCTAHOBUTH, II0 OTHOMIEHHI0 K BTOMY U3HIECKOMY pac-
CTOSHUI0 10 KPUBOH, HOHATHA (OJNbINE WM MEHBIIE W IOHS-
THe paBHOOTCTOAmMUX mETeHcuBHOCcTed. [lomosxmm pmamee, 9o
TyTeM OIpeJeNeHHoro BHOOpAa HAYAJIBHOTO SHAYEHHA N
e[UHUNG W3MepeHWil M5l W3MepsieM BBEJEHHY HaMW HHTEH-
CUBHOCTH. PesynbTaToM mamepenms GymeT HEKOTOpOEe IHMCIO,
KaKOBOE YMCJI0 MHl OyhaeM HaseBaTh giusuueckoii 0aurnoii Oyeu
no dannoil kpusoti mexcdy moukamu Pi1m Ps. Ecnu ¢usmde-
CKafg [IWHA OYTU ABJIAETCA WHTEepIpeTanueil, oXpeneseHEHOMH
BLIIIE B H. 4 TEOMETPUIECKOI MJIWHE AYTH (WX IPOCTO JIIMHEL
Iyru), To, 04eBHAHO, 06a Umciaa, JAIue TeOMeTPHIeCKYI0 M
dusmaeckyo amuBy AyT, fouREL (0 KpaiiHeil Mepe, IpH He-
KOTOpOM BHIOOpe HAYANBHOTO 3HAUCHWS W eMWHAIH W3Mepe-
HHA) COBHACTH Me;uAy co6oil. Tak Kak reoMerpuaeckas JinHa
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AYTH MeKAY ABYMS COBHAJAIOMAMA TOYKAMH DPaBHA HYIIO
[mo cBoiicTBy mmTerpama (10)], To ouesmmHO, 9TO 3a HATATB-
HOe 3HAYeHWe [OJEKHA OKTh BhiGpaHa ¢usmdecKasa IIUHA
INYTH MeXAY ABYMA COBHAAIOMAMEA TOIKAMHA; BEIOOD @UHMITEE
W3MEepeHns HWdYeM He JOoJKeH OHTHh OoTpammamBaeM !,

Tlonomum Temepsh, 910 Yepes MAHHYI GUIMIECKYI0 TOUKY
P Mp mpoBomuM pAX KPUBHX W Ha Ka)KKOH W3 BTHX KPHBHIX
GepeM oueHb OauU3KyI0 K P toury P’; wsMmepssa QusmaecKyio
IIMHY OYTH H0 KaKTON W3 STHX KPUBBIX MEKAY TouKamm P
u GecKOHEYHO K Hell ONWBKOIW, MBI HMOJYIUM PAL duced ASsi,
As2,..., KOTOpEE MOKHO OyIeT OTOMIECTBUTH C COOTBETCT-
BYIOIIMMH TEOMETPHYECKUMHA NJIWHAMHA JIYyT, a TaK Kak AYTH
09YeHb MAJE, TO HX IJIWHEI MOMKHO OTOKJECTBUTH C PacCCTOS-
HUSIMA 09YeHb OIW3KEAX TOYEK, W STH PACCTOSAHWA BEIIHCIUTH
mo popmyxe (9), sameHsas B Belt dz1, dze2, drs Ha 09€HH MaJIke
BeAWUnHN Ax1, Ax2, Azs, OpeIcTaBAAINNe PasHOCTH KOOD-
muEaT Touek P’ m P. B dopmyne (9) Benuwummnt gy OyEyT
HAM He W3BECTHH, HO 8aT0 AZ1,..., 8 TAKKe JIeBHE TaCTH HOJIY-
9eHHBIX PaBeHCTB OYAyT HAM H3BECTHHI; C/IeaB [OCTATOIHOE
9UCI0 TPOMEPOB, MH B COCTOAHAU OyHeM YCTAHOBHTH JOCTa-
TOTHOE YUCJIO0 YPaBHEHUH, W3 KOTOPHX W OMPENeNuM gix; AN
TPEXMEepHOTO IPOCTPAHCTBA HAM HY;KHO Oy1eT, 04YeBHIHO,
He MeHee INECTH IPOMEPOB, a [IA IBYMepHOTO HE MeHee
Tpex.

6. Urobnr chuenaTs scHee Ipomecc (U3MIECKOTO HCCIENO0-
BaHHS MeTpUKH, pasbepeM ero moxpoGHee s ciydas JBY-
MEpHOTO IpocTpaHcTBA. TONBKO 4TO MBI BUAENW, 9TO HAM

1 DT0oT UPOM3BOJ e[UHUIE M3MEPEHUs UPe3BHYAHHO XapaKTepeH.
Weyl mcmospayeT ero jjis yCTaHOBIEHAS 0COOOTO MOHATHSA TPOE3BOIE-
HOCTH Macmraba. VaMepsas (W3MYeCKy0 JJINHY, ME MOMKEM MOJB30-
BATHCSA NPOWSBOJNIBHOM W NPATOM MEHSAIOMEACS OT TOUKW K TOUKE ejd-
HUIell W3MePeHNA; CHPAMMBAEeTCA, TP KaKOf jKe eIWHUIE W3MepPeHUs
Hamia (mamdecKas AAnHA GyHeT MIeHTHYHA C JJIMHOM reOMeTPHYECKOi?
Ecim 5TOT BOOPOC OCTAaBATH HEONpPEeNEeJIeHHHM (a TaK W IPAXONHATCS,
B CYIHOCTH, JieJaTh, N00 eJIAHANA W3MePeHHUs 3aBHCHT OT HAIIEro Impo-
u8BOJIa), TO (pMBWYecKas AIUHA ONPENeNAT HaM He ds, a Y (21, =2, %3) ds,
rme . — HeompenedeHHas GyHKOUA KooppuHaT. CymeCTBYIOT CBOHCTBA
IPOCTPAHCTBA, HA KOTOPHE IPOM3BOJ [ He BJWAET, STH CBOMCTBA Ha-
3HIBAIOTCA OOJAMAOIIEMHA Mmaciwwmabuolii unsapuanmuocmbvro. OHA HI-
paioT Gonsmyo poab B Teopma Weyl’s. Mui, ogHako, He OymeM ocra-
HaBJIMBATHCA HA BOIPOCE O MACIWTAa0HOH WHBAPpMAHTHOCTH, TaK Kak
9TO MePCrPY3HUT HAWIY CTATHI0O HOBHMH NOHATASME W TePMHHAMH, KO-
TOpEle OYAyT JMIMIeHH KAKOT0-IMG0 KOHKPETHOrO COfep:KaHHms, U060
gn MaTeMaTHYCCKOM ammapaToM, HH IPAMEPAMH OHW MOJKPeIUIeHk He

YAYT.

28



HYKHEI TPH IIpOMepa. Taxum o6pasoM, BubepeM, KpOMe TOYKH
P, eme tpu Toukm — P1, Ps, Ps, BecbMa K Heli Gnuskume;
c/ielaB TPOMEpHI, OTPe/ielluM TPU PACCTOAHEA (0U6HD MauIble
JUIEHBL IyT KPHBHIX) S1, S2, $3 TOUKE P 0 Todek P1, P, Ps.

s BHACHEHOA METPUKH IPOCTPAHCTBA HAM HY:KHO Gyfer
TaK WM WHAYe MPOCTPAHCTBO apHMeTH3HPOBATh; BEHIOEpeM
kakoii-ma6o coocob apmpMernzanum; MycTh OPA STOM cmocobe
roura P mMeeT KoopAawHATH (Z1, Z2), a ToUKE P1, P2, P3 mycTh
AMeI0T KOOpAUHATH (z1 + M1, z2 + ki), (11 + h2, z2 + ko),
(z1 + hs, 2 + ks), Torna gopmyna (8) mact mam Tpu pameH-
cTBa

s1 = guh? + 281k + g20h?,
sy = guhd + 2g1ohaoks + gaok?,
s = guhl + 2g1ohsks + gaak?;

pemas 9Ty CHCTeMY YDaBHEHHI OTHOCHTeNBHO g11, gi2, g,
ompefelnM MeTPUKY IPOCTPAHCTBAa. PemnTs 8Ty cucTeMy
ypaBHEHHH Bcerja BO3MO)KHO, eclII TOYKH He COBIIAJIAl0T PYT
¢ [[PYyTOM; HA DTOM HETAJIbHOM IYHKTE f, K COKAMEHUIO, IIOJ-
poGree ocramoBuThCs He Mory. To, uTo GBLIO ceigac ¢ focra-
TOYHHIM HEeJAHTH3MOM ONMCAaHO, Hpoucxoamio B Ermnre, Kor-
7a TPAKTHIECKAd KUBHH W PEIUTHOo3HEE NOTPeGHOCTH ycTa-
HABJIMBAJIM OCHOBAHHUA HAIIed SBKINTOBOM Merpmkm. BooG-
pasum Ha MUHYTY, 9T0 MBI HE€CTECTBEHHO CILJIIONIUINCH U, IO~
I00HO MOBEPXHOCTHHIM TEHSM, >KHBEM Ha O0oibmiom Imapel;
IOJIOKUM, 1TO, Iepeiiia B NByMepHOE CyIecTBOBaHWe TeHeil,
MBI BCe 3Ke yMeeM H3MepATh (pU3WdecKWe JJIMHE AYyT; IOJO-
AKEM, 9TO JIA apudMeTH3amud HAIIETO IBYMEPHOTO IPOCT-
PaHCTBa (IMapoBOil MOBePXHOCTH) ME IPHUMEHSEM dUCIA CJe-
IylomuM o0pa3oM: BBOIMM OOKYHEIME IIpHEMaMu JOIOIHEHTE
Zo 90° mupors ¢ m moAroTYy A Ha HameM Imape pagmyca R,
saTeM mua aio6od Toukm P BribmwpaeM mBa Umcia 1 W Z2 OO
popmymam z1 = Ry, z2 = Rsingol, rie Qo ecTh MOIOIHEHHE
90° muporu mexoropoit Touk: Po(zio = Ro), B 0KPeCTHOCTH
KOTOpoi#f MH mpomsBoguMm cBoum mHabmiogenusa. Ilomommm, uro
BecbMa GONBIION pAJ TIATENHHO IPOW3BEIEHHHX IPOMEPOB

1 310 cpaBHeEHe yKa3HBaJX B OJHOH W3 CBOMX, 110 OOHIKHOBEHHIO
OmecTAmMMX, DOOYAAPHHX JOKIHEd DO NPHHIMIY OTHOCHTeIbHOCTH
npodeccop O. I[. XBOXBCOH.
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Iad HaM clefyiomee BHpazkeHme Jusa dst:

.o 21
sin®
ds? = da? +
1 .5 210
sin® —

2
dxz.

Dopmyna 3Ta, KaK JeTKO BUETH, ABIAETCA OOHIHOH dop-
MyJoif, BHIpasKaomedl [auHy O6eCKOHEYHO MAaJoH ayru Ha
chepe: ds* = R:dg? 4 R?sin’@pdA®. Ecau pagmyc cdeps He
BEJIUK 110 CPAaBHEHHUIO ¢ 00JaCThI0, HACEJIEHHON TEHAMU, TO IIO-
aydeHHAA (OPMYJIa BCKOpE, IPH [OCTATOYHO OONBIIOM dHCIE
MpOMEepoB B PAasHBIX TOYKAX Mupa TeHEl, JacT TaMOIMIHIM
reoMerpaM BO3MOMKHOCTH oOlipefienuth R, T.e. pagmyc cdeps,
u, TakuM 00pasoM, 3HAUYWTEJIHHO HOABUHYTHCA B H3YICHUN
TOTO JBYMEDHOTO IPOCTPAHCTBA, KOTOPOe STH TEHW B3aHU-
mator. Ho feso gnsa mamux TeHe! 3HAYMTENBHO YXYAMIAETCH,
ecyu 3aHEMaeMas uMu 00nacTh 6yeT o9eHD Majia II0 OTHOIIe-
sin2—mR—1
auio Kk paguycy R cdepsr, Torma orHOMEHUTE —_— Oymer
sin? —%
6mmsko K 1, wbo z; Oymer 6GIm3KO0 K Zy9, T. €. Z; — Ty
fymer oYeHb Majio 10 cpaBHeHHI ¢ R, smauur, Bce Oymer
NMPOUCXONUTH TaK, Kak O6yaro R = oo, u cdepa mpeBpamaercsa
B IJIOCKOCTD; HANIA CcepHIecKUe TeHH CKIOHHH OyHyT HOJ-
BepraTh TOHEHWIO BOJBHOMYMIEB, KOTOPHE YCOMHATCSA B TOM,
9T0 HX MPOCTPAHCTBO HE eCTh IIOCKOCTh, a ABIAETCA cepoi,
TOJIbKO cfepoil BeckMa 00JbIIOTO pagmyca, W HDOHAZOOUTCA
MHOTO C(epUIeCKHX BEKOB, 9TOOH TEHH TOJIH IOHSIIW OBl
cepraaEOCTH CBOETO MEpPA. MEI, TpeXMepHEIE CYIIecTBa, HaX0-
IOUMCSI B MOJIOKEHNW, AaHAJIOTMYHOM IBYMEDHHM TeHAM, KU-
BYIUM Ha cepe 09eHb GONBIOro pagayca, nGo Bce HAMH IIPO-
MepH HelpecTaHHO yOeKITaIoT HAC B MPEBOCXOXHOM COTJIACHU
METPUKHE HAEr0 IPOCTPAHCTBA C HBHJIMAOBON METpHKOH, T
HYKHbI OB OTPOMHEIE ACTPOHOMUYECKUE PACCTOAHUA WIH
Te maed, KOTOpble BHECIA ¢ c000¥ Teopus OTHOCHUTEIHHOCTH,
9T00bl MBI TIOCTABUIH 10 COMHEHTE BOIIPOC 0 METpUKe HAIIEro
MpOCTpPaHCTBA.

7. Urak, ¢ mepBoro B3TAAAA KAaKETCSA, UYTO, MCCIAELYHA
Hame (uU3NIecCKoe IMPOCTPAHCTBO M PUIUIECKYIO IJIMHY, MBI
uMeeM BO3MOKHOCTH 0e3 KakKoro-ambo HpOW3BOJIa OfHO3HAU-
HO CYIWTh O MeTPUKe TOTO TeOMeTpHIeCKOT0 HPOCTPAHCTBA,
KapTHHON KoTOporo (MHTepHpeTanuei) ABAAETCA M3yIaeMoe
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Hamu Qusmueckoe mpocrpamcrBo. Ho me ciemyer ymyckars
3 BHJA IENbIil PAJ MPOU3BOIBHEIX YCIOBHOCTEH, BBOJAMMEIX
HaMHM, KOrfa MBI, C OJHOHM CTODPOHHE, MHTEPIpPETHpYyeM Treo-
MeTPHYecKoe MPOCTPAHCTBO W ero o0pass Ipu moMmoiu obpa-
30B (MBHYECKOTO IIPOCTPAHCTBA, a C APYrOH CTOPOHEI, KOT-
Jla MBI OTOMKIECTBISAEM (U3WUECKYI0 IJIMHY C TreoMeTpudue-
CKOH.

B ¢usmdeckoM MaTepuaIbHOM IPOCTPAHCTBE MBI HHTEPIIpe-
TAPyeM TeoMeTpUdecKHe TOYKH, ¢ TIOMOMBI0 TeX MW HHHX
MaTepHANBHEIX O00BEKTOB; NOBOJBCTBYACH rpy6oit mHTEpPIpE-
ranudeit, Mel «u300paykaeM» TOUKH, TOMOIIHI0 MAJKX MaTepu-
ANBHBIX TeJN, PACIOJOKEeHHBIX B HameM (GHU3HIECKOM IPO-
crpaHCTBe (CpaBHHM TOYKH Ha Oymare, reoje3miecKue
3HAKHA HA 36MHOW TIOBEPXHOCTH M, HAKOHEI[, [Jd 60abIIEX
obmacreil mpocTpaHcTBa — HeGeCHbIE TeJa), MHTePIPETHPYA
GoJiee TOHKO, MBI OTIpeflelisieM TOYKH, KaK MecTa IepeceueHus
IBYX NOCTATOYHO Y3KHMX CBETOBEIX HYYKOB, T. €. TO jKe, IIPH
noMomu 6olee TOHKHX, HO BCce Ke MATepHATIBHBIX 00HEKTOB.
Ms MoOeM, OJHAKO, WHTePIPETHPOBATH TIeOMETPHIECKHE
TOYKW COBEPIIEHHO MHEIMH o0pa3aMu MaTepHAIBHOTO MHUpa
U IPH TAKOW MHTEPIPETANNy HOJIYYATH, FAyKe B Y3KHUX, HAM
MOCTYOHEX, 00NacTAX Hamero (U3WIecKOro MPOCTPAHCTBA,
COBEpINEHHO WHbIe MPEJCTABIGHHS O €r0 TeOMEeTPUIECKUX
CBOMCTBaX, IpaBUIbHEE — O CBOMCTBAX TEOMETPHUIECKOTO IPO-
CTPAHCTBA, KOTOpPOe HMHTEpPHIPETHPYeTcA HPOCTPAHCTBOM (u-
BUYECKEM.

Eme Gonbpmmii mpomsBOX BaKIIYaeTcs B YCTAHOBICHHAU
dusmaeckoil AuUHK. 3Mech, €CaAM He BCTABATh HA TOYKY 3pe-
HEsA Tenecoo0pasHOCTH, BOBMOKHEI CaMEe pPasHOOGpasHEIe
METOIH YCTAHOBJCHWS (QU3MIECKON JIMHB, & TeM CAMBEIM BO3-
MOKHBL ¥ Pas3HO0OpasHEIe OHpeleleHnd METPUKH TOr0 IIPO-
cTpaHCcTBa, WHTEPIpETAIlHell KOTOpOro ABIAeTcs Hame (u-
SMYECKOe IPoCTpaHcTBO. VIHTepHpermpys TreOMeTpPHYECKYIO
TOYKY He OOHYHBIM 00pasoM B HaIeM (U3MIECKOM ITPOCTpPaH-
CTBe, YCTAHABIWBAA 0co00e MORATHE O (HU3AMIECKOI JIMHE,
MHl 9KCIIEPHMEHTAJILHO HpuieM 06e3 BCAKOTO 3aTPYAHEHNA
K TOMY, 9T0 MeTpPHKAa HaIlero IpOCTPAHCTBA HE €CTH METPHKA
OBKIHmoBa, a ectb Merpuka JloGaueBckorn wim Kaxasg-1ubo
uHas.

Taxkum o6pasoM, TPUXORHUTCA OTOPOCUTH BO3MOKHOCTH
OJHO3HAYHOT0 W HE 3aBHCAMEro OT HAMIET0 IPOM3BONA OTBETA
Ha BONPOC 0 MeTpPUKe (2 paBHO, KOHEYHO, M O APYIUX CBOii-
CTBax) IreOMeTpHYecKOTO IPOCTPAHCTBA, OTBEYAIOIET0 HATIEMY
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dusmueckomy. IrTor Bompoc BoOOmE mnpmoGperaeT CMEICH
JIUITh HOCNe TOr0, KAK YCTAaHOBIEHA WHTEPUIpPETanus Bemei
TeOMeTPHYIEeCKOT0 IPOCTPAHCTBA, IOMOMBI0 (U3HYECKHX Ma-
TepHaNbHHX 00pa3oB, a paBHHIM 06pa3oM IMocle TOro, Kak
ompesieneHa (uaHUecKas [AMHA W CAEIAHO MPEIONOKeHHE
06 H/eHTAYHOCTH ee ¢ JJINHON TeoMeTpmuecKoil. Pas sto yxe
yCTaHOBJIEHO, TOTZA TOJABKO BOBHEKAET BOHPOC 00 ompegene-
HUA MeTPHKHE HPOCTPAHCTBA; 3ajfada IeOMeTpa-ecTecTBOUC-
OETATeNsd 3aKII0YaeTCA B YCTAHOBICHHH (0jiee TOYHBIX METO-
OB HCCIEMOBAHUSA METPHKE IPOCTPAHCTBA, NIO3BOIAIOIAX
MeHee TPYOHMH IpmeMaMM, 9eM 5TO ONHCAHO B IIPEIIIyIIEX
OYHKTaX, YCTAHOBHTH €T0 METPHKY; MH YBHUINM, Kak IpHUH-
IUI OTHOCHTeIBHOCTH, BBeJsA B pAcCMOTPeHHE BCEMHpPHOE
TArOTeHHE, MO3BOJAWJI IO CTOIb TOHKAM ABICHHAM, KaK
He3HAYHTEJIbHOE, OCTAaBIIEeECs HEOODACHEHHHIM, [BUKCHHE
mepureinsi MepKypHA HIM KaK HAYTO}KHOE OTKJIOHEHHE COJ-
HEYHOr0 Ny4a, HPOXOAAMEro BOIM3A CONHEYHOM IIOBEPXHO-
CTH, CeNaTh PAJ 3aKII0YeHHH 0 MeTPHKe HANIero HpOCTPaH-
cTBA.

EcrecrBeHHO BO3HHKAaeT BOHpPOC, d9eM ke 00ycIoBIeHA
Ta iAW WHag (QUsHUecKas WHTePIpeTalHs IeoMeTPHYIeCKOro
mpOCTPAaHCTBA W Bemell, B HeM HaxogAmuxcsa? 3mech, BepOsAT-
HO, TeMHHe HPHHNHNOB [eJIec000pPa3HOCTH WJIH DKOHOMUSA
MHILIeHASA UrpalT HePBOCTEHNeHHYI0 pPOAb — A He Oyay
W IOHTAaThCA PasdupaThes B 9THX CBEPXHATYPAIbHBIX BOIPO-
cax, /[a X OJsd TeMH HAcTOAMmEH craThbW pasOéuparhcsai B HAX
He upefcTaBisgerca HeoOxomuMeiM. Mbl HpEHEMaeM, Kak
HEYTO TOTOBOE, Ty HHTepHOPeTANuI0 TeoMeTPpHH, ¢ KOTOPOH
cBHKIECHh ¢$usmkm!. KocryBmucr Bompoca o (HE3EYECKOM
mpOCTPAHCTBE, MHe IPEJICTABIAETCA MONE3HHEM O0paTHThH
BHOMAaHEE HA TO 00CTOATENHCTBO, 9T0 PUBMIECKOE HPOCTPAH-
CTBO, KaKk HPOCTPAHCTBO MATEPHAIBHOE, 10 CAMOMY CYINECTBY
CBOEMY HeMHICIEMO (€3 MaTepmd; HycToe (U3EIecKoe Hpo-
CTPAHCTBO €CTHh HPOCTO nonsens, #60 B TaKOM HPOCTPAHCTBE
Henb3A Oymer um300pasuTh, WHTEPHPETHPOBATH, HE OJHY U3
BemeH reoMeTPHYECKOTO0 IPOCTPAHCTBA — BEIb B (uamde-
CKOM IIPOCTPAHCTBE MH YCIOBHINCH HHTEPIPETEPOBATH BEIH
TeoMeTPHYECKOr0 MPOCTPAHCTBA MAMEPUALLHLIMU 00PA3AMU.

1 Tar, manpuMmep, OYeHb MaJiOe MaTePHAJbHOEe TeJO0 HHTepPIpeTH-
pyer (¢ H3BeCTHHIM NpHOIMKeHHeM) TOUKY TeOMeTPHYeCKOro IIpo-
CTPAHCTBA; JYY CBETA HHTePOPeTAPYeT HOPAMYIO B T. H.
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§ 4. 1. Ilpmerymas K U3IO0MeHUIO OIHO-
Kpusunsna ro u3 mamboiee TPYAHBIX TeOMeTpH-
npocrpancrsa JeCKEX INPEICTAaBIGHHE, a HMEHNO

TPE/ICTABICHAA O KPHBW3HE HOPOCTPaH-
CTBA, CYATAI0 HEOOXOMUMEM IpeNyIpe-
J[UTH, 9TO B HacTOAmeM Iaparpade 6y-

OYT WBIOKEHbl JWOThH CAMEE dJIeMeHTapHLEEe Hadaja YIeRHma

0 KpHBH3HE, TaK KaK 0ojiee OCHOBATEILHOE 3HAKOMCTBO C

TeopHeldl KpPHBHU3HH IIpOCTpaHCTBa Tpebyer ropasno 6Goiee

TAKEIOBECHOTO MaTeMaTAYeCKOTOo amnapara, HeMKelId TOoT,

KOTOPHM MEI IOJIB3yeMCs B HACTOAMEH CTAThe.

IIpoBens wepes mammayio TouKky P TpexMepEOro mpoCTpaH-
CTBA Pa3IMIHEIC KPHUBEE, ME Ka)KIOH KPHBOH COMOCTAaBIAEM
oco0oe TOHATHE O HANPAGACHUU BTOH KPHBOH K Touke P.
Br6paB ma kpuBoit Touxy P’, Geckomeuno GIH3KYI K TOUKE
P, My ompeienmM HalpasieHHe HAWeH KPUBOH ABYMA Ymcia-
MH, XapaKTepU3YyOIUMA OTHOMEHWe (ECKOHOYHO MATKX OpH-
pameHH KOOpAEHAT, KOTOPOE STH IOCJEIHHE HCHOEITHBAIOT,
KOI/Ta MBI MepeXoauM OT TOYKH P K GecKOHeYHOo eii OMm3Koi
Touxe P’.

OrpammamBasgch, B IENAX IPOCTOTH, HPHEMEPOM [BYX-
MePHOT0 MPOCTPAHCTBA W HPHNUCHBAA TodKe P KOOpIUHATH
1, 2, a To9Ke P — KoopaumHATH 1 -+ dx1, Z2 -+ dz2, MBI
B 9TOM clydae oOIpefeJuM HANpaBjeHne Hamed KPUBOH
Lo
dm1 :

OgeBmgHO, 9TO HAOpaBiieHHe OyAeT HAMU ONpeleleHo,
KOJIb CKOpPO HaM OyAyT sajgamEsl Touka P u el GeCKOHEYHO
Ouamakas Touka P’, T. e. 6yHyT 3afaHB Pa3HOCTA KOOPAUHAT
3THX TOoYeK. B TpeXMepHOM HpOCTpAaHCTBE TAKUX pasHOCTel
Oyner Tpu: dri, dz2, dxs; B gByxmepHoM — aBe (dzi, dxz).
YcmoBuMcA HA3HBATH BeINb, BIONHE OMpPEJCIeHHYI0 YKa3aH-
HEIMI JIBYMA TOYKAMHU HJIX PasHOCTSAME WX KOOPAUHAT, 6EcKo-
HEYHO MAAbLM 6eKMOpOM @ mouke P, camm pasHoctdH OymeM
HABSHBATh COCTNABAAIOUUMY BECKOHEUHO MAL020 6eKMODA 8 TOoY-
ke P. B cayuae o0vgHO# mameil reomMerpun GECKOHEIHO Ma-
JuH BEKTOP MOKHO HMHTEpPHOPETHPOBATH KAaK OTPE30OK Ips-
Mo#t oT P mo P’, a ero cocraBisgiomue GYAyT TOTHA IIPOEKIUH
9TOTO0 OTPe3Ka Ha OCH NIPAMOYTONBHHX, IPAMOIHHEHHEX
Koopauaar. U3 crazamHOro BHIIE SCHO, 4TO HANpABIeHUE
KaKo#-1mb0 KPUBOA B TOUYKe P BHONHE 0HPEAeduTCHd, pa3 MH
3aJaflEM COOTBETCTBYIOMU# GECKOHEYHO MAJHH BEKTOP B TOU-
ke P. TakmM oGpasoM, BMecTO TOr0, 4TO0H TOBODHTH O Ha-

€JUHCTBEHHLIM OTHOIIEHWEM:
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mpaBlIeHUN KPUBOH# B TouKe P, MBI MOKEM TeIeph I'OBOPHUTH
0 HanpasieHul GeCKOHEYHO MAA020 8CKMODPA 6 Toyuke P,

2. HanmpaBnerusa pgBYyX KakuUX-Au60 KpPUBHIX, MPOXOMs-
mux depes Tourky P, ompefensoT co0ol0 HoBoe moHATHE 00
yeae prux Hanmpasienmii. Tax Kax HampaBlIeHUA KPUBHIX COB-
MajflaloT ¢ HAIPaBICGHUSMH [BYX COOTBETCTBYIOMUX GECKOHET-
HO MaJbIX BEKTOPOB, TO MOKHO TOBODHTE 00 yase Osyxr Gecko-
HEYHO MAABLL 6eKTNOPOE 8 Mo¥ke P. Itor yrox GyaeT HEKOTOPHIM
9UCIOM, KOTOpPO€ OHpelensercs IO COCTaB-
JistiomuM 000uX 6eCKOHEUHO MAJHX BEKTOPOB
W 0 3HAYeHHAM (YHIAMEHTAIbHOIO MeTPH-
geckoro Temszopa B Touke P. Utobn mosc-

w HUTH, KAaKUM 00Pa30M oIpefessercsa YKasaH-

HOE YUCJI0, 00paTuMCcA ONATH K ABYMEPHOMY

npoctpauctBy. llonoum cravana, 910 ABY-

p MepHOe Halmle HPOCTPAHCTBO €CTh OOKIHAA

Puc. 3 9BRJIM0BA IJIOCKOCTH, HpudeM apuMeTH-

3amus e¢ IIPOMBBEIEHA C IIOMOMNIBIO BBeJie-

HUA NPAMOYTONBHHX NPAMOJIUHEHHKX KO-

oppuHar (kak Ha puc. 1). Torga paccrosnme nByXx Gecko-
HeuHo Giuskux Touek P u P’ oupepenurcs mo gopmyie

p’ pll

ds? = dxi -+ dx;;

nHade TOBOPA, AXaA QYHAAMEHTAIHHOTO METPUIECKOTO TEH30PA
B 9TOM cJydae MH GyJeM HMeTb:

gu=1, g1o=28u =0, geo=1.

BossMeMm Temeps (cM. puc. 3) ABa GECKOHETHO MAJHX BEKTOPA
(dz1, dz2) m (0z1, 8x2), MB06paKaemsie NByMs orpeskamu PP’
m PP’ ; mo mpaBmiaM aHAJUTUIECKOH TeOMETPUM YIOX
MeK/Iy 9THMH IBYMA BEKTOpAMH OUDPEIeNHTCS, KaK HeKOTo-
poe gmeno, 1Mo claegyiomei gopmyie:

dz18x1 + dwedas
dei + dxg- V(Sxf -+ 690;

COS W =

Ilepexons kK umHOW apwdMmermsanumm HameHd HBRIUTOBOI
IUIOCKOCTH WM paccMarpuBas ¢ Godee o0medl TOYKHM 3PEHU
OBYMEpHOe TPOCTPAHCTBO C WHBIMH, HEKEIW  DBKINI0BA
IJIOCKOCTH, CBOMCTBAME, ONpeNeJuM YroJX IBYX BEKTOPOB
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(dx1, dz2), (0z1, 8x2) Kak dumcmo, momydaemoe 1o dopmyie

COS O ==
_ gudz18x1 + g1e (dx102 - dzebz1) + gaedrebs
Vgndl% + 2g1edridzy + gzzdl'g' Vgnﬁxf + 2g12071825 + gzzﬁxg

W3 sroii popMyTBI BUAHO, 9TO [Ba BEKTOpa B Touke P Gynyr
MexIy co0oif COCTaBIATH Yroi, OTIMYHELI OT TOTO yraa, Ko-
TOPHIIT OTH sKe caMble BeKTopa (C IPEKHUMHE COCTABISIIOMUME)

Puc 4

nMel0T B Opyroi toure Po, mbo gu, giz2, ... 3aBHUCAT, BOOO-
e TOBOps, OT KOOPAMHAT TOYKHA P 1, 3HAYWT, MEHSTCH,
Korga or touk:m P mepexomum K touke Po. U3 aroro zameda-
HUA BUHO, 9TO IPOCTPAHCTBA ¢ MHHIMH CBOMCTBAMH, HEKEJIH
9BRIUMOBO (¢ WHOIl METPUKOIl), OTIMIAIOTCA KOPEHHHM -00pa-
30M OT TOTO HPOCTPAHCTBA, ¢ KOTOPHIM MBI HPUBLIKIN OIEPH-
poBatb. MoskHO moOKa3aTh, 9TO OIpeJeJeHHbIA HAMHU YIoi
IBYX 0ECKOHEYHO MAaJIEIX BEKTOPOB' COBEPIIEHHO HE 3aBUCUT
or cmocoba apupMeTM3aAmUE ITPOCTPAHCTBA.

3. O6GmensBecTHa pOIb 9BKIMIOBA IOCTyJaTa O Iapad-
JNETBbHEIX B Pa3sBUTHH TEOMETPUYECKMX uUiel, 0c0o0eHHO B
XIX u XX cromerusx. IlonsaTne o mapalaeabHOCTH HUT'Paer,
OTPOMHYI0 POIb B NPOCTPAHCTBAX, OTAUIHEIX IO CBOUM MeT-
PUYECKUM CBOMCTBAM OT HPOCTPAHCTBA DBKJIMI0BA; OHO [I0J-
JKHO OBITH, O[HAKO, COOTBETCTBYIOmMUM o6pasoM 0000meHo u
ompeneneno. Takoe o0o0menne HOHATHA MTapPaJIEIbHOCTH
MBH KMEeM B UJee NAPALLCAbHO20 RepemeujeHus, PasBHTOR
uranpIHCKUM MartemartukoMm Levi-Civita.

IIpencraBum cebe, 9To M0 HEKOTOPOI KPUBOIl IepeMemaeT-
ca (puc. 4) GecKoHETHO MaJbIil BEKTODP, M3MEHAACH 10 HEKOTO-
pOMy 3aKOHY. 3aKOH 3TOr0 M3MEHEHWS IOJKeH GHTH TaKoB,
970, 3a7aB GECKOHEYHO MAJLIi BEKTOP B HEKOTOPOH TOYKe
KPHUBO#l, ME CMOKeM OIPENeJHuTh BEKTOP, COOTBETCTBYIOMIMA
3alaHHOMY B JIo0o# Apyro#l Touke Hamedl KpHBON; fmaiee,
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83KOH 3TOT0 H3MEHEHUs JOJKeH TaBaTh HaM BO3MOKHOCTE I O-
U3BECTH YKAaBaHHOE IePeMemeHne BeKTOpa Mo Jai06oit KprBof
HAmero MPOCTPAHCTBA. Y CIOBEMCA TOIBKO YTO ONHCAHHYIO
MaHUOYJIANUIO C BOKTOPOM HA3HIBATHL conpsscenuenm. Ilapas-
MEADHBLI NepeMeujerlies; BEKTOpPa MBI HA30BeM ONpeIeJeHHBIM
ofipazoM BhGpanHOe compskenme. CMOTPS WO ToMy, KaKEM
o6pasom MH BHIGepeM 3TO
COLPAKeHNe, MH OymeMm
HMEeTh T€ WJIH HHEE Teo-
MeTpHYeCKHe  CBOMCTBA
Hamero  TPOCTPAaHCTBA:
WHA4Ye TOBOpPsS, ompeje-
JIeHHOE MapalliiebHoe Ie-
peMemenye OnpeIeluT ¢o-

Puc. 5 Goit ocolmiit Kitacc mpo-

CTPAaHCTBA.

MosxHO, KaK S y/Ke CKa3al, NPOHM3BOJIBHEIM 06pa3soM BHI-
Omparh HapaijielbHOe NepeMelleHne; Mbl, OMHAKO, OCTAHO-
BEMCs Ha IapajlleIbHOM IepeMemenud, Hambodee OIUBKOM
K HAm®EM OOHKYHEIM IIpeNCTABJCHWAM, a HMEHHO, HA TaKOM
nApattesbHOM NEePEMEUEHUL, KOMOPOe OCIMABAREM HEeU3MEeH-
HbLM Yeosr 08YT napastedbH0 NePeMewjaoupurcs no 00Hol u moi
aice kpusoli eekmopos (puc. H) 1.

Paccrosinme gByX OeckoHeuHo Oamskumx Todek P um P/,
ompemelAnmUX BOKTOP, 3aBHCAT, KAK MK BHIeIH, 0T QyHMIA-
MEHTAJIBHOTO METPHIeCKOTO TEH30pa ® OT COCTaBIAIMHAX
HAIET0 BEKTOpPA; YCJIOBHMCS 9TO pPAacCTOSAHAE HA3HBATh
seauyunoll sekmopa. Benmuwma BeKTOpa UPH NapajiieJIbHOM
ero mepememenuy, ROo6Ime TOBOPS, MEHAETCA ¥ JUMb B 0000
UCKIIOYATENBHLIX CIYIasiX OCTAeTCA HEM3MEHHOM. Y CIOBHM-
cA HA3HBATh IPOCTPAHCTBA, B KOTOPHX BeIWYMHA BEKTODA
HEe MeHsercA IIPH MapajliIeJIbHOM HepeMemenun, hpocmparcm-
eéamu Pumana®, Te e mMPOCTPAHCTBA, B KOTOPHX BEJIHIHHA
BEKTOpa MEHAeTcd HOpU ero mapajiiejbHOM IepeMeIleHmu, —
npocmpancmeanmu Weyl’s. Ilpocrparcrsa Pumara oGmamaior
Ype3BHIARHO JIOGOMKTHON 0CO0EHHOCTHIO: B HEX Hapaslieib-

1 PaccMaTpuBas IMPOCTPAHCTBO, MH JOJKHH OLMPe/IeJeHHHM 00pa-
30M BHIOpATh mapajieIbHOE MePeMemienne; TOT WM WHOH BHGOp ompe-
JIeIEHHOTO IaPaJLICJIbHOrO UepeMeIeHnss 00yCaoBAT c000il Ieauiidl pAx,
CBOMCTB HAIIET0 MIPOCTPAHCTBA.

2 Or mpocrpaHcTBa PEMama clieqyeT OTIAYATh IPOCTPAHCTBA IIO-
CTOAHHOA DAMAHOBOU KPUBWBHE, ABJIAIOIHECHA JHUIIL BeChbMa JaCTHHIM
BHJIOM mpocTpaHCTBa PmMama.
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HoOe IepeMemeHHe -OIpe/elAeTcA BIONHE 3HAHAEM METPHUKA
npocTpaHcTBa (T. €. 3HAHWeM (YHIaMEHTAaIbHOTO MeTpmde-
cxoro Tersopa). C mpocrparcreamz Weyl’st ieno 06¢Tout cnosk-
Hee: [JIA HEUX YCTAaHOBJEHHEe IAapajIAelNbHOrO HepeMemeHds
Tpefyer, moMuMo 3HAHWA (QYBEAAMEATAIBHOTO METPUIECKOTO
TeH30pa, 3HAHHA eme HeKOTODHX BeINYWH; COBOKYIHOCTB
STHX BEJHINH HABHIBAeT-
e MmacumabHymM 6eKMO-
pom. as TpexmepHOTO
mPOCTPAaHCTBA MacmTal-
HHII BEKTOpP COCTOHT U3
TpexX BeJWYWH, A JBY-
MepHOTO — W3 ABYX'.

Y1065 gaTH Gollee sc- Pmc. 6
HOe IpeACTaBIeHNe O Ta-
pallIeIbHOM IepeMerne-
HAM, PAcCMOTPUM 3TO HoHATHE [AJA OOKYHOH BBRIMIOBOIL
TUIOCKOCTH, OINpPEeNeNHB mapaiiejbHOe MepeMemeHnme BEKTO-
pa Kak OOBYHHIN NapalgedbHLI Ieperoc BeKTOpa W3 OHOU
TOYK® B Ipyrylo (pmc. 6), mepemoc, IpW KOTOPOM BeJHMUYMHA
BeKTOpa He MeHAeTCA, a OpAMBle JIWHAW, Ha KOTOPHX Je-
JHUT BEKTOD [0 M IIOCJIEe MepeMeleHrusa, OCTATCsA Mapalyielb-
HeME (B o0kraHOM cMeicae). CamMo cooft pasymeercs, dTO
YKazaHHOe IapalliielbHOe HepPeMemeHHe BEKTOpPa MOMKHO
ONIPENIINTh AHANUTHICCKH CJAEAYIOIMUM CHOCO00M: BEKTOD
(dz1, dz2) mepememaeTcs mapaimenbHO, eca:m Bekrop (81,
82,), B KoTOpHII OH mepeiifieT, ompeeaNTCA PaBEHCTBAMI

0z = dz,, 0xy = dzy;

M3 9TOTO OIpe/ielIeHN IapaliIeIbHOCTA IepeMelennsa MOKHO
GymeT ompefeauTh MOHATHE NAPAJIEILHOCTH W BHBECTH DAL
CBOMCTB, IPHCYIMWX STOMY MOHATHIO B 9BKJIMZOBOH TIeoMeT-
pun. Herpynro Buaers, ro, Ipm TOIBKO 4TO YCTAHOBICHHOM
ompefeNeHny apajlielbHOr0 IepeMemeHus, Yrod Aiad OBYX
NapajieJbHO IHepeMeImalmuXcsa BeKTOPOB He MEHAETCH, paB-
HO KaK He MeHAeTCA W BeJWYWHA NapajlielbHO mepememalo-
Meroca BeKTOpa; TAKAM 00pasoM, SBRJIULOBO HapajielbHoe
IepeMelenre XapaKkTepuayeT NIPOCTPAHCTBO, SBIASIOMEecsd
YacTHEIM cJydaeM HOpocTpamcTBa PuMama.

! M He EMeau 37eCh BO3MO)KHOCTH BXOATb B GOXbIIHe mOXpOG-
HOCTH OTHOCHTEJBbHO CTPYKTYPH HOHATHA O MACIITaGHOM BeKTOpe.
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4. IlapannenbHOe NepeMemeHme MOKET HNATh BO3MOMK-
HOCTh BBECTH HOHATHE O LIPAMOW JuEUM. B Kaykmoi TOUKe
KPHBOI 3Ta KpHBasg HMeET ONIpefeleHHOe HaOpaBJeHHe, Xa-
paKTepusyeMoe HalpaBieHNeM GeCKOHETHO MaJloro BeKTOopa.

P

h

Puc. 7 Puc. 8

Bosemem B HekorTopoil Touke Po Hameil KpuBO# GeCKOHEUHO
MaJbIi BEKTOpP, ONpeesIAOIMHUY HAaIpaBlieHWe B 3TOH TOUKe
KpuBoii (puc. 7); mepeMecTHM NapaliedbHO 9TOT GECKOHETHO
MAaJHi BEeKTOp B Kakywo-iumbo Toury P KpuBoii, Torma, B
GONBIMHHCTBE CIY9IaeB, HANPABICHNE NIEPEMEIEHAOTO B TOUKE
P pexropa me Gymer coBmagaTth ¢ HampaBIeHUEM Halmed KpH-
BOI B 9T0il Touke. HpmByw, obmamamomyi TeM HCKIOYH-
TeIbHHIM CBOHCTBOM, YTO HAaIpaBieHNe NapajilelbHO Iepe-
MemeHHOT0 B Ji06yI0 ToUKy P YKAa3aHHOTO TOIBKO UTO BEK-
TOpA COBIIAJAET ¢ HAIpaBiIeHMEeM KpHUBoil B 9Toll Touke, ycio-
BHUMCA HA3HBATDh NPAMOL AuHUell; IPAMAS IUHUAS OTINIAETCS
OT BCeX APYTMX KDPHEBHIX TeM HCKIIOUUTENLHHIM CBOHCTBOM,
9TO HAIIPABJIEHUE ee BJONE II0 CaMOl JMHUM HapasielbHO Ie-
pememaercsa. Camo coGoll pasyMeercd, 4TO HJIA PA3IMIHBIX
ompefeNe Nl TapajielbHOT0 MePeMeneHuss Mbl Oy/ieM MMeTh
W pasHOe ompefelieEme OpAMHIX Juauii. O6patumMca Tenephb
K ®BKJIWIOBOH miockoctd. B Heill, oueBumgHO, GYAYT HMEThCA
KpuBHEe, He o0Jajjaomue TeM CBONCTBOM, YTO WX HampaBle-
H7E BOJb IO KPWBOI mepeMemaeTcs mapajuieldbHo (puc.8),
HO OyAyT m OmpefeJeHHBIe BHIIE IPAMbIe JMHWH, KaKOBEE
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«IIpAMBIe» COBHAAYT ¢ OOBIYHEIM OIpeNeJeHmeM DBKAMIOBOMH
NPAMOA JUHWU.

Ilpamasa, ompepmeneHHAs HpW IOMOMHK INapajielbHOTO
nepeMmemenns, o6nagaer 1A mpocrpancTs Pumana xapaxTep-
HBIM CBOHCTBOM OHITH KpaTdaiimeil JmHUWEH, CoeuHAMIMeH
IBe Kakme-1u00 HA HEHl PacoloKeH- 4

HBle TOYKW, WHAYe TOBOPH, [JIMHA
IyTH Ho mpaMoit or Pi mo P2 ko- pmp
1 2

pode, WeM MJWHA OYTH MO JI0H0M

npyroit kpusoit. Ha pmec. 9 a ma-

POTHO 300 PABUI KIIPAMYIO» HE 00BId-

HOW MPAMO#, UMesA B BULY, YTO BTOT Puc. 9

gepresx M300paskaerT He DBKIMUIOBY

IJIOCKOCTH, &, CJIef[0BATEIHHO, METPHKA B HEM HACTOJIBKO
OTIIMYHA OT YBKIMOBOM, UTO MIuHA Ayru Pi Ps 0 «IpAMOii»
A wopode, wem puauEa Ayru PiP: (B HOBOM Mepoompeele-
HUY) 110 PBKIAMTOBOIl mpamol B.

AALSL

Puc. 10 Puc. 11

Urar, npamsle pumanoswixz npOCMPAHCME CYMb AUHUU
kpamuatiwuzr paccmosnuil (reofe3mdecKie); 3TUM CBOICTBOM
me obmajmaioT mpsMeie mpocrpaHctB Weyl's.

C nmomompio oIpefeNdeHus NPAMOA HETPYIHO ocymecT-
BATH INapajijejbHOe IlepeMemenre Kakoro-1mbo BeKTopa
BJIOJIb IO NIPAMOI, IT0 Kpaiineil Mepe B mpocTpaHcTBe PrMana;
0ECKOHEIHO MaJblii BEKTOD HANpAaBJIEHUS, 10 ONpe/eJeHuIo,
TepeMemaeTcs BIOJb 110 IPHMOIl MapaiIelbHON; YTOI MEKIY
IBYMA TapajiielbHO TIePEeMemAlIUMICA BEKTOpaMU, Kak
MBI 3HAEM, He MEHSETCs, BHAUUT, JJIA OCYIIECTBIEHUA Iapai-
JeIBHOTO TePeMemeHusa 10 MPAMON HAllero BeKTopa docTa-
TOYHO CJEJUTH 34 Te€M, 9TOOH OH OCTABJIAJN BCEIT[a OMMHAKOBHII
yroJ ¢ HAOpaBJIeHWEM Hamiedl NpsAMoHW JUMHUA U He MEHAJCH
661 mo Besrmunuae. Ha puc. 10 m 11 ocymecTBiIeHO mMapajienb-
HOe IepeMelfeHue BeKTOpa, IpmieM B OHOM clydae B3HTa
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3a OpAMYI0 o0BYHAsA IpsAMas, a B APYTOM — HEKOTOpas KpH-
Basg JUNHAA.

Ha 3BRABIOBOA HWIOCKOCTH HapaiielbHOE MIePeMelneHye
mo oGHYHON NMPAMOA XapaKTePU3YeTCA TeM, 9TO IIePeMeCTHB-
muiAca BeKkTop OGyxeT, B 0GEIHOM CMEICIe, HapalieleH HCXOJ-
HOMY cBoeMy mojaoenuio (cM. pme. 11). Ha cdepe xparTuait-
meit AMAWeRl CHYMUT, KAK W3BECTHO, Ayra GOJNBHMOTO Kpyra;

——————
- -~

Pamc. 12 Pmc. 13

Ha pmc. 12 m3obpaskeHo mapajienrHOe HepeMemeHHe Gecko-
HEYHO MAaJOro BEKTOpa II0 ayre OOJNBIIOTO KPYyra; OTMETHM
eme pa3s: Yyroi ®,, COCTaBIAEME# BEKTOPOM C JyTro# B Ha9alb-
HOM ToUYKe, O[HHAKOB C YIIOM (v, COCTABIAAGMEIM IIapallaelb-
HO IIepeMeCTHBITNMCA BeKTOPOM ¢ AYToil B KOHEYHOH TOUKe.

5. IIporenem wepes samammryo TouRy P Raryo-mmGo 3am-
KHYTyI0 auEmi0 — KoHTYyp C (pme. 13), BO3bMeM HEKOTOPHIH
0eCKOHeTHO MAJIEIil BEKTODP @ B Touke P u GymeM mapaiiiiellbHO
TiepeMemaTh ero BAOJb N0 auaAn C, II0Ka CHOBA He BepHEMCSH
B UCXOJHYI0 TOUKY P; Ham BeKTOp MPeBPATUTCA B BEKTOP diy
mpmueM B 1o peanymHe (B mpocrpamcTBax Weyl’'s) m mo ma-
mpasienmio (Kak B npoctpamcree Weyl’s, Tak m B mpocTpas-
ctBe PuMana) BeKTOp @, BooOmEe TOBOPSA, He MOJKEH COBIACTH
¢ BeKTOpoM a,. Crywaii, Korjga @; COBIajaer ¢ @ ¥ 10 BOJIAIAHE
¥ HO0 HANpaBieHEWio, OyA T cIyuIaeM HCKIIOYHTENLHEIM.

HaszoseM uepes o yros, KOTOpHI a, GyneT o6pasoBHBATH
¢ a. OT KakEX BeJWYHMH MOKET, BoOOmE TOBOPSA, 3aBUCEThH
ateT yroa? Camo coboii pasyMeercd, 9T0 Yroix sToT Oyjer
3aBHCETh OT CBOMCTB paccMaTpHBaeMoro mpocrpaHcrsa (mGo
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caMo mapajieabHOe IlepeMemeHNe XapaKTepHayeT IPOCTpPaH-
¢TBO), 1 oT BHAa 3aMEyToi aumamu C. IIpoBons vepes Toukm
P cymmBaomuecss COMKHYTHE JWHUM, M MOKEM 3aMETHTb,
9TO0 BHJ COMKHYTO#i JumHUH OyneT BIUATH BCe MeHbIE W
MeHbOIe Ha Yrod g,; AJdA IBYMepHOTO HPOCTPAHCTBA 3TOT yTOJI
0 OKa)KeTCHA MPONOPIHOHANBHHIM IIOmMANRM s', orpaEWIeHHOR
COMKHYTOH KpHBOH, IpAYeM MHOKHTENb IDONOPHHOHAIBHO-
¢ty Oymer MeHATHCA B 3aBHCEMOCTH OT IOJOKeHHWST TOYKH P,
ITOT MHOMHETENb MPOHOPHNOHATHHOCTH W HABHBAEGTCH 6EKMO-
DUAAbHOU KpPUBU3HOU UAL RPOCMO KDPUSU3HOU 08YMepHO20
npocmpancmea ¢ mouke P; o6osmadas KpuBmaHY OykKBoil K,
OymeM WMeTh

(11) K = lim =,
§—>0

AgpanormuHo ompefienserca KPHBH3HA B [JIA TPEXMEPHOTO
MPOCTPAHCTBA; OHIIO OH CAUIMIKOM CJOKHO OCTAHABIUBATHCSH
HA BTOM CHpefielieANY KPHBU3HHE B TPEXMEPHOM IPOCTPaHCT-
Be moppobro. [as mac mocraroumo Oyher sHaTh, 4TO yroi g,
KOTOPHH BeKTOpP, BO3BPATHBOIWIACA B HMCXOAHYIO TOUKY IIOCIE
IapajleJbHOTO IIepeMemenns, o0pasyer ¢ BEKTOPOM HCXO[-
HEIM, XapaKTepH3yeT cpedHiow KpususHy Toit oGaacTh mpo-
CTpPaHCTBA, TIJie pAcHONOKEHAa HAMAa COMKHYTasd KpHBad.
Yem stor yroan Oymer OGoxbme, Tem Goabimme Gymer ymoMs-
HyTas cpefiHAA KpuBwsHA. PaBeHCTBO HYIIO 9TOT0 yriaa 6y-
JeT 03HAYaTh, 4TO CPeJHAA KPHBH3HA ITPOCTPAHCTBA B pac-
cMaTpHBaeMo#l ero vactdm Oyger

Yro0H JaTh HATJIALHOE Ipe/CcTaBlieHAe 0 KPHBH3HE, BOOG-
pasuM cebs CHOBA B BuIe ABYMEPHHIX TeHeil, »KUBYmMUX Ha
cpepe pammyca R. Ha sroit cdepe obpasyem cdepmueckmit
tpeyronsauK A BC w3 Tpex «upAMHX» amEEE (pme. 14), T. e.
u3 qyr GoaBmOro Kpyra (IPOCTPAaHCTBO Ha cdepe OTHOCHTCH
gaMm K mpocrpamcTBam Pmmama); mycts 4, B, C o3mauawnT
TpH BHEYTPEEHHX YTJa RAmero TPeyroibHAKA. Bo3bMeM

! TlogATHe OJOWARNE HYKJAeTcd, KOHEYHO, B ONpe[eJeHHH.
He Bx0Ofsa B [eTalbHEE HONPOOHOCTH, OTMETHM, 4TO [JIsA JBYMEPHOTO
OpOCTPAHCTBA MJIOMAJbI0 YACTH JTOr0 HPOCTPAHCTBA, OrPAHMYEHHOM
3aMKHYTO# KPHBOIi, OyNeM HAa3HBaTh 4HCIIO, ONpPEfieIeHHOe ¢ MOMOMMBIO

HHTETpaja V g dzidze, THE g = gugse — g%2, 8 WHTETPAT PacIpo-

CTpaHeH HA 00JacTh, OIPAHHYEHHYI0 Halledl 3aMKHYTOH KpmBoi. I[na
9BKJIHIOBOH IVIOCKOCTH HOHATHE IVIOIALH, TAKEM 00Da3oM, OlpeMieiien-
HOe, cOBHAfaeT ¢ OORYHKIM; TO e OymeT W Aisa muomamu QUIypH Ha

cepe.
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B Touke A GeCKOHEWHO MAaJE BEKTOp @, COBHIAjalomuii 1o
HAOPaBJeHAI0 ¢ HampasieHmem nyru AB (upsimMoii); mepeme-
CTHM HapaiLIelbHO BTOT BEKTOP IO COMKHYTOIl awAuH, obpa-
gylomeit Tpeyroabauk ABC; B TouKky A Bam BEeKTOP BepHETCA
B Buie BeKTopa ¢’ ¢ yiKe N3MEHHBIINMCA HalPaBICHEEM.

Puc. 14

Beraucaum yroqa g Mexny Bektopamu  u a’. Jlas saToro mpous-
BeJleM IOCJHe0BATeNBHO MAPaeIbHOe IePeMeIeHne BeKTopa
a o nyre AB, mo nyre BC u no ngyre CA. Tax xax AB nps-
Masi, TO BEKTOpP @, IePeMeCTHBINNCH B TOUKY B B BHJe BEKTOpa
ai, 6ynmer umMerp HampaBiernue Ayru AB B Tol ke Touke B m,
3HauuT, ¢ ayroit BC Gyner oGpasosriBath yroa B 180° — B.
Ilepememas mapaamenbHo BexkTop a1 mo upamoir BC, M,
c000pa3Ho CKa3aHHOMY B M. 4, JOIYKHH COXPaHATH HEU3MEH-
HEIM YTOJI MEKIY BEKTOpOM @1 u npsamoil BC; rakuM oOpasom,
YI'OJl BEKTOPa @2, B KOTOPLI MPEBPATHIICH HOCIEe Tapajielb-
HOTO HepeMemeHns: BeKTop ai, ¢ nyrod BC, Gymer tor e,
9T0 U YTOJ BEKTOPAa @1, ¢ 9T0il myroi, T. e, 6ymer pasern 180° —
B; ompepmeauM yrox x BekTopa a2 ¢ gyroit CA, mo KoTopoit
eMy WPEeICTOUT MapaLIeTbHO IepeMemaThcd; M3 YepTeKa
BHIHO, YTO CyMMa

x + (180° — B) + (180° — C)
obpasyer yrox B 360°, orkyna
x—B—C+360°=360°n z =B+ C;



TaruM obpasom, yrox az ¢ ayroit CA 6ymer B - C; sror yroa
COXPaHHTCH, KOTHA (2 MAPAJICAHHO HEPEMeCTUTCA IO Lyre
«apamoity CA n 3aiiMer Tos0seHNe BEKTOPA a’; TaKUM 06pasoM,
a’ ¢ apyroit CA Gymer uMerhb yroi, paBueiit B 4 C, ecanm q
Oymer yrioM Mewuy a W a’, TO U3 UepTeKa BHIHO, UTO
B + C — o Gyger yroa, xotopuii a o6pasyer ¢ myroit CA;
¢ mpyroi cropomsl, a ¢ nyroit AC ob6pasyer yroa A; cymma
aTEX yriaos pasHa 180°, rakuM oGpasom

B+ C—at+ A=180°,
a= AL B4 C—180°,

WHA4Ye TOBOPHA, Yrol ¢ €CTh TaK Ha3kBaeMblil cdepmueckuit
u30HITOK, PAaBHHIA, KaK W3BECTHO W3 C(PepUIECKOll TPUIOHO-
METpPHUY, OTHOMIGHUIO IIOmMAAX S cHEepuIecKoro TPeyroJbHH-
ka ABC x Bagpary paguyca R cdepu

== & 1.
T R s T R

TaKUM 06pa3oM, Ho oIpejieseHu0 Kpusu3usl K, GyaeM mMers

1
K= T
T. €. KPUBU3HA HANIETro cepPUIeCKOro JBYMEPHOr0 IIPOCTPAHCT-
Ba 00paTHO NIPOMOPIUOHAJBHA KBaIpaTy paaumyca ceps.
IIpomenbiBas TO ;Ke caMoe MOCTPOEHHE ¢ ILIOCKUM TPEYTONb-
HAKOM, MH Hamud 0w, 4To yrox o = 0, mbo cymMa yrios
B IJIOCKOM Tpeyroiabunke paBua asyMm npameiM (180°), B coor-
BEeTCTBUM ¢ TUM MBI MOJYIWIHU Obl, YTO KPUBUBHA MIOCKOCTH
pasma 0.

TosbKO 4TO TPOU3BEIeHHOE MOCTPOCHNE TOKA3KBaeT 60 b-
LIy CBA3H KPUBU3HBI C BOIPOCOM O CyMMe YIJIOB TPEYIoJb-
HOKAa, a, KaKk U3BeCTHO, CYMMa YIJIOB TPEyroNbHUKA TeCHe-
muM 06pa3oM CBA3aHA C IMOCTYIATOM IBKAUIA; K COMKAICHUIO,
OJHAKO, A HE MOIY OCTaHOBHUTBCS Ooaee HmoApo0HO Ha 3TOM
obcroarenbeTBe. VeciemoBanue, KOTOPOE TOJIBKO 9ITO BHIIOI-
nuad chepudeckue ABYMEPHEIE CYMIECTBA, Jal0 OB BO3MOMK-
HOCTh OIPEJeINTh KPUBU3HY HX IIPOCTPAHCTBA, & ClemoBa-
TeJIBHO, ¥ PAJgUyC TOM cdepsl, MOMOMBI0 KOTOPOil OHH MOTIHA
Obl MHTEPIPETHPOBATH CBOIO reoMeTpuio. K sroMy samedanuio
MBIl eme BepHeMcs [alee.

6. KHorma BexTop, mapaiielbHO NEpeMemasich 3 TOUKA
P mo samrmyTtoit KpuBoit C, BepHyicd B Buae BeKTopa a’
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B Ty JKe TOYKY,TO BeJIHIHHA €T0, BOOOMmEe roBops, H3MEHATCA.
[dasa puMaHOBHX IPOCTPAHCTB, KaK yKe OBLIO YKAa3aHO
BEIIIIG, BOJIMYMEA BeKTOpa IPH HAPAJJIEIHHOM eTo NepeMere-
HEO He M3MEHMTCS, M03TOMY BeimumHa a’ GymeT paBHA BelH-
qmHe a; wHade GyneT 06CTOATH fjesto ¢ mpocTparcTBame Weyl’s,
TaM BeamymHA @’ Oy;eT OTIMYIHA OT BeJIMYEHH a. WccaemyeMm
9TO0 W3MEHEHWe BeJHYWHH NapajielbHO NepPeMeniaomerocs
Bekropa. Omo OyHer 3aBWCeTh OT TPeX HPHYHH: BO-IEPBHIX,
OT UEePBOHAYANLHONW BEeNHYMHE BEKTOpPA, Aa BO-BTOPHIX, OT
BHJa COMKHYTOM KpuBoit C W, B-TPETbHX, OT CBOMCTB HAMIErO
mpoctparcrBa. Ilycts [, I’ GymyT BeamumHAMEH BEKTOPOB a
ma, Al =1 — [ OGymer m3MeHEHWEM BeJUIMHHE BEKTOpa &
Ipd TapajiieJbHOM MepPeMEeINeHH: ero 0 COMKHYTOM KPHBO,
A= All— OyIeT omuocumesvHbM USMEHEHUEM BEAUMUNbL BCK-
mopa a npu nApasiesbHOM REPEMEUjeHUL €20 N0 COMEHYMOUL
kpugoti C.

OGpaTmMcsl cHOBa K [BYMEDPHOMY IPOCTDAHCTBY; OTHOCH-
TeJIbHOE W3MEHEHNe A BeJIWYUHH BeKTopa ¢ Oymer HpH HocTa-
ToYHO MasioM C IpPOMOPHUOHANBHO IJIOMANA S, OTPAHAIABAE-
Mo KpHBo# C, ODpHIeM MHOMKHTEIb UPONOPHEOHAIBHOCTH
OymeT MEHATHCA B B3aBHCEMOCTH OT LOJOKEHHA HCXONHON
TOYKA P. ITOT MEOKATENH HPOTOPMUOHATHFHOCTH HA3HBACTC
Weyl’em mempuvreckoii kpususnoii' deymeproeo npocmparcm-
éa 8 mouke P; oGosHauas MeTpWYeCKYI0 KpHBH3HY OGyKBOi L,
OymeM @MeThb
(12) L =lim X

80 s

Has TpexMepHOTo NMPOCTPAHCTBA METPHYECKAS KPHBH3HA
ompefesisieTcsA BOOJHE AaHAJOTHYHEIM MamepoM. lus mac mo-
CTaTOYHO 3HATH, YTO OTHOCHUTEJNBHOE Y/JIMHEHN® XapaKTepH-
3yeT cpedHI0i0 Mempueckylo KpugU3ny TONR 00JaCcTH TPOCTPAH-
CTBa, B KOTOpPO# pacmoioskeHa coMmkHyrasa auwrma C. Camo
coboit pasymeercs, 9YTO MeTpmIecKas KPHWBU3HA PUMAHOBA
npocTpancTsa pasHa (, HO cjegyer TYT ke OTMETHTb, YTO MeT-
puYecKas KPUBU3HA MOKeT OLITh HYJIEM W [ IPOCTPAHCTB,
OTIWYHHIX OT PUMAaHOBHX.

1 To, wTO 3mech HA3HIBAETCA METPHYECKONW KPHWBH3HOU, ceiidac mHa-
spBaloT KpuBm3EOH romorermm. Cp.: M. A. Tomneuna. OcHOBH
9JIeKTPOMaTHETH3MAa W TeOPHH OTHOCHTeJbHOCTH. M., 1962, cT1p. 422.—
Ilpun. ped.
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Hak BexropmanbBas, Tak H MeTpHYECKAasd KPHBHBHA IIPO-
CTPAHCTBA HE MEHAITCA OT TOYKH K TOYKE B IPOCTPAHCTBE.
BekropmanpHas KpHBH3HA BHOJHE ONpeAeldercst mo (yHAA-
MEHTAIBHOMY METPHIECKOMY TEeH30pY M HO MacmTabHOMY
BEKTOPY, TOTfla Kak MeTpUYeCcKasdA KDPHBU3HA TpebyeT Hiad
CBOET0 BHYHCHGHUA 3HAHHA IHUIIb OFHOTO MAacmTa0HOTO BEK-
topa. CaMo co0oii pasyMeercsd, 9TO H BeKTOpPHMAJbHAA K MeT-
puYecKas KPHBHU3HH CYTH COOCTBEHHEIE CBOMCTBA IIPOCTPAaB-
cTBa M HE 3aBHCAT OT cmocoba ero apudmermsamum. MEL, Bce
BpeMsA TOBOPA 0 IPOCTPAHCTBE, HMEIH B BHAY TPEeXMEpHOe
MPOCTPAHCTBO X 00pamaiuach K ABYMEPHOMY MPOCTPAHCTBY
namb B meadax miniocrpanaia. Herpyaso, ogmaxo, 0606muTs
oIpefielIeHAA HAMMWX DOHATHHA UM AX CBOUCTB Ha IIPOCTPAHCT-
BO mi00oro gmcaa maMepenuii. DopMaibEO ME HE BCTPETHMCH
HE ¢ KaKOMHE 3aTPyJHEHUSMHE, 32 HCKIOYEHNOM JHIIL YBEIH-
4eHnA 9Ucaa gix ANA PYHZAMEHTAIBHOTO MOTPHYECKOTO TOH-
30pa W 9UCIA BeJHYHH, OIpefeIAMUX MacmTabHEH BEKTOP.
Hisa nByMepHOro HpPOCTPAHCTBA ME HM€EM TPH BeJHIHHEL
IJs1 onpefienenass QYHAAMEHTAIBHOTO MOTPHYECKOTO TEH30pa
7 BTODPOii BeJUIWHH [JIA OIpefeleHnsa MacmTa0HOTO BEKTOPA;
B TpexMepHOM (0OEI9HOM) IPOCTPAHCTBE MH GyaeM HMeTh
meCcTh BEMHYMH [ ompeneaeHus QyHFaMeHTAIHLHOTO MeTpH-
9eCKOT0 TeH30pa W TPH BOJIWIMHE JJIA ONpe/eeHnd MacmTab-
HOTO BEKTOpa; HAKOHEN, B 4YeTHpPeXMEpPHOM IIpocTPaHCTBE
9HCI0 BEAWYHAH, HYKHHX [If OLNpeJeJeHds MeTPHIeCKOTo
TeH30pa, YBEJIHUYUTCH [0 HecATH (IUCI0 PasIuIHEIX KOMOU-
Hanmid smaukos 1, 2, 3, 4 mo jgBa), a YMCIO BeJHYMH, HEOO-
XOJIUMEIX [JIA ompeeleHns MacmTabHOTO BeKTopa, MOMger K0
9eTHIPeX.

7. OGpatuMca Temepb CHOBA K (PEBAIECKOMY HPOCTpPaH-
CTBY E HOCMOTPHM, KaK MOKeM MEH ¢ IIOMOIIbI0 Qu3mIecKux
MaHANYJAAOUNE YCTAHOBUTH KPHBHU3HY TOTO T'€OMETPHIECKOIO
OpOCTPAHCTBA, KOero (UsmIecKoe HPOCTPAHCTBO CIYIKHAT
mATepoperanmeii. a1 9Toro He06X0AMMO HmpeK/Ae BCETO ycTa-
HOBHTH Te Bemy (U3M4ecKOro IPOCTPAHCTBA, KOTODPHE COOT-
BETCTBYIOT HOHATHAM HAaIpaBJeHHWS, BEKTOpa, yria B I'eoMeT-
puuecKoM mpocTpancTBe. Tak Kak ¢msmIecKoe IPOCTPAHCT-
BO €CTh IPOCTPAHCTBO MAaTepHANBHOE, TO YKAa3aHHHE BeIIH
MOMKEH OHITH CBA3AHH C ONPENEICHHHIMA MATePHAJIBHRIMEA
o0beKTaMu, mHAYE FOBOPS, HAUPABICHHE NOJKHO OCYMIECT-
BJIATHECS ¢ MOMOMIbI0 MATEPHUANbHKX TeN WM IIPOIeccoB (Ha-
OpHEMep, OpA HOMOIIA CBETOBOTO Jyda), YTOJ OJKeH IOJy-
4arbcd B Pe3yAbTaTe OmpeielJeHHOH MaHHNOYIAIHWE C MaTe-
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puansEEIME Tenamu ($pusmueckoe maMepenme yria). [laiee,
IJisi YCTAHOBJIGHUS KPWBU3HBI HE0OXOOMMO OIpPeNelUTh Ipo-
necc B U3HIECKOM NPOCTPAHCTBE, OTBEYANOMUH Iapajierb-
HOMY HEepeMemeHHI0 BEeKT0pa; YCTAHOBUB HTOT IIPOLECC, MEI
MOYKEM C HMOMOINBIO [eHCTBUIl ¢ MaTepWaJbHEIMHU TejJaMU OCYy-
IMEeCTBUTH TapajiesbHOEe IepeMelenne BEKTopa U, KpoMe
TOTO, CMOYKEM ONPEMENATHh er0 BEJIMYUHY U OIPeJesATh yTIH,
COCTABJISIEMbIC M ¢ KAKIMU-I100 WHEIME BEKTOpaMu WJIN Ha-
TpaBJeHUAMA. Y CTAHOBUB YKa3aHHbIe NMOHATHA W AeficTBUA
B (UM3MYECKOM IPOCTPAHCTBE, MLI CMOKEM NPOU3BECTH D[
9KCIEePUMEHTOB JJf M3yYeHUs KPUBUBHBI HAlIETo IPOCTPaH-
CTBA: HAMETUM MEJBIH PAN 3aMKHYTHIX IyTe# ¥ CTaHeM Ipo-
U3BOAUTH (HA CcaMOM J[iejie, MaTepHaJbHO) IapajieabHoe
mepeMeIIeHne BeKTOPOB 10 3THM IIyTAM; BePHYBIIUCH B HC-
XOJHYIO TOIKY, CMEPHUM YTOJ ¢, HA KOTOPHIH OTKIOHUJICA HAII
MaTepHaNbHBIN BEKTOP OT CBOETO0 HMCXOJHOTO TOJIOKEHUd, U
ompejieiM OTHOCHUTEJIbHOE YAJUHEHWE A HAIeTo BEKTOPA;
3HAA DTH BeJWIWHBL JJIA GOJBIIOTO YUCIA COMKHYTHX JIMHUMH,
MBI MOMEM OIPEIeJUTH CPEAHIOI BEKTOPHAIBHYI0O W METpPH-
9eCKYI0 KPUBU3HHI HPOCTPAHCTBA B pPA3IUIHHIX €T0 Mec-
Tax.

Ionosum, 9ro MEH cMorim OB BHIIONHUTE (IO KpaliHeil
Mepe, NPWHOWNWAJIBHO) BTOT JKCIEPUMEHT; HIDKE S YHamy,
9TO DTOT 3JKCMEPHMEHT, PaBHO Kak U ompefeineHue ¢yima-
MEHTAQJIBHOTO METPUYECKOT0 TEeH30pa B TPEXMEPHOM IIPOCT-
paHCTBe, BHIIOJIHUTH HEJB3A (JTayke MBICHeHHO). lad Maireix
COMKHYTHX JUHUN pe3yahTaT B HalleM HIPOCTPAHCTBE IOJY-
quica 66 BeChbMa COMHUTEIBHBINA, YTIIbl 0 M BeJIUIWHBL A OBIIK
OBl 0OYeHb MaJBl X M3MEPHUTH UX He OBII0 Obl HUKaKOo# BO3MOK-
HOCTH. JHAMeHHTOe m3MepeHme l'aycca CyMMHI YTIIOB Tpey-
TOJbHUKA M SBJISIETCH, KAK MBI BBIIIE BUNEIM, IPOU3BOICTBOM
TOJIBKO YTO YKAa3aHHOTO ODKCIEPHUMEHTA [ OIpeeseHns
yraa o. Tpeyrompumk OHJI B3fAT Ha 36MHOW IOBEPXHOCTH,
BHAYUT, UMEJ CPAaBHUTEIHHO MAJY MIOMANb I PE3yIbTaToM
ABUIACH CTOJNb Majiasi BEJIUYUHA O, 9TO €€ Heab3sl OBIO0 m3Me-
puts. lleso, Komeumo, morio OB W3MEHHTHCHA, ecid OBl 3a
COMKHYTYIO JMHHI MbI B3SMd GB KOHTYP, NPOCTHPAOMMAACH
OT Hameil COJHEYHOI CHCTEMBI 70 TYMaHHOCTH AHIpPOMe[H,
IJIOMmAjib TAKOTO KOHTYpa Obija OBl OuUeHb BeJNKa, M, Kak Obl
Mansl HE OBIM KPUMBUW3HH HAUIETO NMPOCTPAHCTBA, YI'OJA O |
BeJMYNHA A OKA3ajluCh OBl HACTONBKO 3HAYUTENBHEIMHU, UTO
UX JIETKO OBLIO OBl M3MEPUTH; MIPOU3Be/IA 3TH U3MEPEeHUsA, Coe-
OUHAA UX ¢ U3MEPeHHAMU, HY;KHBIMU AJS OIpeejieHusa MeT-
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pUKE TIpOCTpPaHCTBA, Mbl cMorjau O 0e3 TpyAa YCTaHOBUTL
CBOHCTBA TOTO0 TEOMETPUIECKOTO NPOCTPAHCTBA, MHTEPIpeTa-
gueifi KOTOPOTO RPU HEKOMOPUE COSAQGULEHUAL U NPOU3BOALHLE
(He ¢ TOUKU 3peHUs 1ereco00pPasHOCTH, KOHEUHO) YCA08UAL
ABIAeTCS Haile Quaudeckoe mpocrpanctBo. Mmea B Buny
1esiecoo0pasHoCTh BHIOPAHHOW HAMH HHTEPOpeTalluu, MBI
Moram OB CKaszaTh HOIPOCTY, 4TO Hame (@uamdecKoe Ipo-
CTpPaHCTBO 00jiafaeT TAKMMU-TO M TaKuMu cBoiicTBaMu. Vnage
TOBOPS, MBl Obl co3qand Pusuky TPOCTPAHCTBA WJIH, ©CIH
YTOHO, (HUsUUECKYI0 2e0MEMPUIO.

Onmako, Kak s yke YIOMAHYJ BHIe, BHIOJIHEHNE 0400~
HEIX 9SKCIEPUMEHTOB COBEPIIEHHO HEMBICAUMO, a IPUUMHOMN
3TOMY ABJIAETCHA TO 00CTOATENHCTBO, YTO HUKAKNX QM3WIECKUX
neficTBUII B TPeXMEPHOM IPOCTPAHCTBE M5! IIPOMBBOJUTEH HE:
MoKeM, ubo BCe BTH NeHCTBUA HAM IPUXOAUTCA IPOM3BOIUTDH
eme Bo BpeMenu, u0o BCe ;KUBYIEe U MOTYIIEe NpOu3BOJUTH
¢umsnaecKue [eficTBUA KUBET BO BPEMEHH: TIAVTO PEL %O
ovdev pnvet.

Het uu omroTO QU3HYECKOTO SABJIEHUA, MOT'YIETO IPOU30ii-
TH MIHOBEHHO; MBI HEe MOJKEM ITepeMeljaTb BeKTOP II0 KPWBOM
¢ GeckoHeIHO 00JbiIOil CKOPOCTHI0O (MI'HOBEHHO), a 3HAYMT,
KOTJ[a BEKTOp BEPHETCA B HCXOMHYI0O TOYKY, W MBIl CMEPHUM
YTOJ MEKIY HUM W UCXONHHIM BEKTOPOM, TO 3TO He HAMI CTa-
PHIT yTox @, a HEYTO COBEPIIEHHO HOBoe, MO0 3a TO BpeMs,
[OKA HAII BEKTOP NYTemecTBOBAX 40 AHApoMe[s U 00paTHo,
OPONIJI0O MHOTO JIeCATKOB THICAY JeT, Kak Obl OBCTpO, XOTA
65l TaK j#e OBICTPO, KAK CBET, HU LIepeMeImaJIcs Hall BeKTOp, 1,
ciefoBaTeNbHo, 002 HAMKM BeKTOpa — UCXOMHBIA W BEpHYB-
[MUHCA YCIedu MOPAAKOM IOCTapeTh.

IIpor#iB yrazaHHOTO MOKHO BO3Pa3WUTh, YTO, YMEHBIIAA
[MJIMHY TyTU [ IYTeNlecTBYIIero BeKTopa, MEl, IpUu 00iib-
IO ero CKOPOCTH, YMEHbUIUM ero mocTapenue. CoBepIIeHHO
BepHO; Tak u OuIO cAenaHo B ombiTe I'aycca ¢ msMepeHmeM
YIJOB TPeYTOJAbHUKA: YIJH W3MEPAIUCH (IPUHOUIAANLHO,
KOHEYHO) TIOYTH MTHOBEHHO, W00 TIPM W3MEPeHWM IO0JH30Ba-
JIUCH CBETOBHIM Jyd0M, 00eraBmiuM BeCh TPeYLOJbHUK B Ma-
IBIe JIONW CEKYH/H; HO YMEHbUIGHNE [JIWHH OYTH Ceidac jxe
CKaJKeTcA HAa YMEHBIIEHWN OXBATHBAEeMOH COMKHYTHIM KOH-
TYpoM IJIOMAAH, & 3TO, B CBOIO O4epe[b, YMEHBIIUT o0 U A
HACTONBKO, 9TO X HEIb3sS OYIeT U3MEPUThH.

Wrax, MBI coBepHIeHHO HE MOKeM NPOW3BOAUTEH (Puauue-
CKHUe JIeHCTBUA, HYKHBIE s SKCHePUMEHTAIBHOTO YCTAHOB-
weHnA (U3WIECKON TeOMETPUU B TPEXMEPHOM IIPOCTPAHCTBE;
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IJIA HAC BTH JEHCTBHA CTONb jKe HEBO3MOKHBI, CKOJIb HEBO3-
MOJKHEI Ui Hac PuamIecKue NeHCTBHA B [BYMEPHOM IPOCTPAH-
cTBe, TAE HONb3sA IIOMECTHATh Hammx OpuGOpoB M TAe MEL He
MO}KeM TOMECTHThCA caMd. llpwdmma oTMX 3aTpy[HEHWH —
apems, 6e3 KOTOPOTo HET HPOCTPAHCTBA W KOTOPOE 0GYCIOB-
nmBaer He (UBAIECKOE TPEXMEpPHOe HOPOCTPAHCTBO, a (usu-
gecKoe YeTHIPOXMEPHOE IPOCTPAHCTBO — MEp. H H3ydeHHIO
BpeMeHH MH ceiigac @ obOpaTmMCA.



Fmasa 2

BPEMJA H MHP

Bpems ecmdv wucao dsuscenus.
ApncroTrens

Von Stund an sollen Raum fiir sich und
Zeit fir sich villig zu Schatten herabsinken
und nur noch eine Art Union der beiden soll
Selbstindigkeit hewahren.

H. Minkovski. «<Raum und Zeit»*.

ol

§ 5. 1. T'maBy o mpocTpaHcTBe MH Ha-
Bpemsa 9aim ¢ ompefeneHus abCTPAKTHOTO
NPOCTPAHCTBA; MBL MOTAM OH TaKKe

OOCTYOUTH B CO BPEMEHEM, CKa3aBIll,

9T0 BpeMs €CTh COBOKYIOHOCTH Bemeil, HasHBAeMHX Mo-
MEHTaMU ¥ CTOAMUX B ONPEJENeHHHX OTHOIICHHAX MEKIY
co0oil m ¢ TpexMepHHIM HpocTpaHcTBoM. fI mpexmoury, ojf-
HAKO, [APYToil NyTh, HAYaB C PACCMOTPEHHA (PHIMIECKOTO
BpeMeHM; flenaio0 A 9TO HOTOMY, 9TO y Hac Topaspgo Ooiee
ACHH TPEICTABJEHAA O HPOCTPAHCTBE, HEKENIH HpeJcTaBlie-
HusA o BpemMenu. B ¢usmgeckoM mpocTpaHCTBE MH BCTpeda-
eMcsl ¢ 0COOBIM fIBICHWEM, HAa3HBAEGMBIM OguiCeHUeM, KOTOPOoe
BaKJII0UAeTCA B TOM, UTo (usmdecKasa (MaTepualbHasA) TOU-
Ka MeHseT CBoe HOJIO)KeHWEe B TPEXMEPHOM IPOCTPAHCTBE,
nWHade TOBOPsS, MEHAET Te TPH YUCHA %1, X2, £3, KOTOPHE IpH
apupMeTnsamuu TPEXMEPHOTO IPOCTPAHCTBA CJIYIKAT el Ko-
opaumuaraMu. ['eoMeTpmIecKoe MeCTO HOJOKeHWH MaTepHaib-
HOM Touxm OyjeT HEKoTopas KpWBas, HAasBBaeMas mMpaek-
mopueti. MamepuaibHol Mouky; €ciIu TOIKa HABIKETCHA IO

1 OTHBIHE IPOCTPAHCTBO caMo mo cefe m BpeMs camo 1o cebe JOmK-
HO ofpaTuThca B QUKNEI0 (OYKBAJBHO: MOTPYSHTBCS B TeHb.— Ped.)
¥ JIUOIb HeKOTOPHIA BHJ COeINHHEHHS OGOMX MOJKeH elje COXPAaHHTH
caMocToATeNbHOCTE. I'. M M H K 0 B ¢ K M ii. «IIpocTpaHCTBO W BpeMs».
(M3 ¢6. «Teopusa ormocmreabuocTHy. JI., 1935, ctp. 181).

4 A A. DpugMas 49



OpsAMON JUHAM, MH Oy/MeM HMeTh HPAMOJIMHEHHYIO TPaeKTO-
PHIO, ecJIM TOYKA JBIKETCH MO yre Kpyra, 6y/ieM uMeTh Kpy-
TOBYIO TPAGKTOPHUIO. 3ajlaB TPaeKTOPUIO, MEHI eMle He YCTaHaB-
JIUBAaeM OJOKeHNe MaTepmajbHOM TOYKH Ha HEl, HO ecJ]H Ha
TPAeKTOpPHUY BHOpATH OIpeesIeHHYI0 HAYANbHYI0 TOYKY U OT
Hee [0 TPAeKTOPHMM WU3MepPATh JIHHH AYT IOJOKHUTEIbHbI-
MU YHCIAMH B OfHY CTOPOHY, OTPHUIATEIbHHIMH B APYTYIO
(puc. 15), To, 3aj7aB Tpaexkropuio W 3a4aB UHCIO f{, OTBEYa-
10IIee JJANHe JYTH, ME BIIOJ-
2 Y, He OmpeeinM [OIOKeHUe
13)/‘/"::_:'\; .. MarepmambHOW TOYKH, JBH-
\" Kymelics 1o TPaeKTOPHH.
ComocraBum renepb KayRmoi
¢usmuecroii Toure M mpoct-
paHCTBA OTpeIeJeHHOE OC-
HO8HOe JsujiceHue W Hasz0BeM wacamu Oawmoli mouku M un-
CTPYMEHT, IOKA3HBAMUA IJIUHEL OyTr f, POXOJUMBIX Ma-
TepHAAbHOU TOYKOHA IO TPAEKTOPMM B OCHOBHOM [IBYKEHUM.
Caegyer Bce BpeMs HMeTh B BHIY, YTO BHIGOP OCHOBHOTO J[BH-
JKeHHsI COBEPIIeHHO NPOMW3BOJEH, PABHO KaK COBEpPIIEHHO
IPOM3BOJNEH BEIOOP HAYallbHOW TOYKM Ha TPAaeKTOPHH OCHOB-
HOTO JIBIJKEHUA; T. €. YUCJ0, MOKa3HBaeMoe dacaMu JaHHOMA
Touku M, ecTh COBepHIEHHO HpPOM3BOJbHASA, 3AaBUCAMAA OT
Hamero BeiOopa Beamamaa. G JpYyToil CTOPOHE, CIeyer moM-
HHATH, 9TO ME OIIEpPEPYEM BCe BpeMs ¢ QUBMIeCKUM IIPOCTpaH-
CTBOM ¥ ¢ QM3MIeCKUMY ABJICHUSAMY, B HEM COBEPIIAOIIAMUCSH,
TaK 4TO 9aCH, HAMU yCTAHOBJEHHEE, MOTYT OBITH (0 KpaitHeil
Mepe, B mjee) JeHCTBUTENLHO IOCTPOEHH ¢ IOMOMBIO MaTe-
pUaNBHEX 00BEKTOB.

Benwauny #, moxasmBaeMyio wacamMu maHEHOH Toukm M,
Ha30BeM fusuueckum mecmmuuim epemeHem mourky M.

2. Ilpemme geM oTBeYaTh Ha €CTECTBEHHOE H BCerja Jejae-
MOe BOBDPayKeHHEe O HepaBHOMEPHOCTH BBEJEHHOTO HAMHU [BU-
JKeHHUA W 0 HeIPHUTOTHOCTH ero [JfA HamlWX JacoB, IMOKaKeM
HECKOJbKO HPUMEPOB YCTAHOBJEHHSA (QU3MIECKOTO MECTHOTO
BpPEMeHY.

Paccmorpum mpesue Bcero ssesdmoe epems’. Jlna secex To-
9eK TPexXMepHOTO HpOCTpaHcTBa BhIGepeM OTHO OCHOBHOE
JIBU;KEeHNEe; TaKWM 00pa3oM, Jachl [Js BCeX TOYeK NPOCTpaH-
cTBa OyOYT OJHU W Te sKe. 3a OCHOBHOE [BIJKEHME IIPUMEM

Puc. 15

1 TepMuH «3Be3HOE BpeMs» ymorpebisercssi HaMH He B TOM CMBIC-
jle, B KaKOM OH NPHMeHseTCsI B acCTPOHOMHEH.
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ABI;KEHHE KOHIA CTPENKH oUOpeeseHHON [INHK, HANPABICH-
HOl W3 HeHTpa JeMim HAa KaKyo-au0o 3Besqy. 3BesqHOE
BpeMsa ¢ OypeT AJaMHA IyTH, ONMCHBAEMOT0 KOHIOM yKa3aH-
HOIl cTpeaku. 3BesgHOe BpeMdA ¢, Gy/leT offHO H TO 3Ke BO BCex
TOUKAaX INPOCTPAHCTBA, 3T0 OYHET YHuUEPcasbHoe epems. ITO,
KpoMe Toro, 6yjer oueHp ymoGHOoe BpeMs, mbo BecbMa 00Jb-
moe 4mcio ABIKeHuil Oymer coBepmmarbcsa TaK, YTO JJIUHE
AYT, IPOXOAUMEX TOIKOH O TPAeKTOpUH, GYAYT HPOIOPIHO-
HaJIbHBL PA3HOCTH 3BE3JHHIX BPEMEH

s =at, + b,

rge a u b — mocrosannne. Takue mBmKenus OygeM HA3HIBATH
PasHOMEPHUIMU N0 OMHOWeHUI0 K 36e30nomy epemernu. IloBro-
pA©, 0YeHb 00JbINoe IMCA0 ABWKEHMIT Oy[eT MAN paBHOMEp-
HO HAX TPaKTUIECKV PABHOMEPHO IO OTHOLIGHWIO K 3Be3[-
moMy Bpemenu. IlosroMy wmcciiegoBaHWe JBUKEHUN 3HAYH-
TeJIbHO YIpoOIaercd, KOoTAa B3a BpeMsA BHOpaHO 3Be3gHOE
ppeMsa. Hak pas aTo BpeMsa ¥ OBLIO BIepBEE M30paHO delo-
BEKOM W BHGOp HMEHHO 3TOr0 BpeMeHH O HCTOPHIECKH,
KOHEYHO, COBEpIIeHHO HEeoOXONWM W eCTeCTBeH Y:Ke II0
ONHOMY TOMY TPOMAaJHOMY pPeJWTHO3HO-MUCTHIECKOMY BIIe-
9aTACGHHUI0, KOTOPOE 3BE3[HOE BPeMs W er0 BeJUIABOe [JBUKE-
HOe TPOWsBOJYIO, a ¥ ceifdac eme NPOU3BOJUT, HA YEI0Be-
qecKyi0 Aymy. BeiGop 3BesgHOTO BpeMeHW 3a BpeMsd YHHUBep-
CalbHOE OKAa3aJ TPOMAJHOe BJIMAHWE HA BCI0 MCTOPHUI0 KYJIb-
TYpPH H, KOHEYHO, HA CO3[aHWe OCHOBHEIX 3aKOHOB MEXAHUKH,
Kak 00 aToM cKasaHo Oyzer mmie. JTOT BHOOp, ¢ Haied Tod-
KU 3peHUs COBEPIIEeHHO IIPOX3BOIbHEL, Ka3a/IcA eAUNHCTBEHHO
HCTWHHHM H CBAIIEHHHIM, a 3Be3JHOe BpeMdA, HA[eJeHHOe
PAOM MHCTHIECKHX CBOMCTB, CHEIaJoch BpeMeHeM Boolme,
TAaMHCTBEHHHIM W MAaJomocTI:KUMEIM. HoHeYHO, He BCAKoe
OBH;KEHHe ABJAETCS PABHOMEDHHM II0 OTHONIGHUIO K 3Be3[-
HOMY BpeMeHU; IafieHre TeJ 0K0JO0 36MHOI MOBePXHOCTH HIIH,
Iydlie CKasaTh, MaJieHWEe TeJd B MOCTOAHHOM II0Jie TATOTeHH
ABAAETCA IPHMEPOM HEPABHOMEPHOTo (PaBHOYCKOPEHHOIO),
0 OTHOMIEHMI0O K 3Be3HOMY BpeMeHH, [Bumkenusa. [{amma
OyTH, OPOXOZUMAag TOUYKOM B STOM /[BWIKEHWH, BHDaKaeTcs,
B 3aBHCEMOCTH OT 3Be3[HOTO BpeMeHH, ciefyiomei dopMmy-
mof:

s = at® + b,
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aunb — NOCTOAHHBIC, IPUYEeM @ 3aBHUCHUT 0T YCKOPEHHUA CHUJILL

TAMKECTH: a = % , TMe § — YCKOopeHwWe CHJILl TAKEeCTH B Ha-

meM DOOCTOAHHOM IOJIe TATOTEHHUA.

3. PaccmorpuMm Temepn Apyroe BpemMsA, KOTOpoe ME, s
KpaTKOCTH, Ha30BeM 2pasumayuorruim epemenem. OCHOBHOE
IOBIKEHWe W [JA 9TOT0 BHOOpa BpeMeHH Oy/leT OHUM U TeM
/Ke A BceX TodYeK, a, 3HAUMUT, dachl OYAYT OJHU U Te Ke,
U rpaBHTANHOHHOE BpeMA OynmeT yHmBepcaabHHIM. llonosxuMm,
9TO0 MaTepuajJbHAsA TOYKA HafaeT B MOCTOAHHOM IOJe TATOTe-
HEA ¥ BHGepeM 3TO [JBUMJKEHHE 34 OCHOBHOE, Yachl IOKAIKYT
NAUHY OYTHA Iy, OPolieHHYI0 9TO# TOTKoii. Jra BelWYHHA U
Oyger rpaBuTanuoHHBIM BpeMmeneM. CpaBHHM TI'paBHTANHOH-
HOe BpPeMs €O 3Be3JHBIM; AJA 3TOTO JOCTATOYHO OyjeT Io-
CTAaBUTh B IpeABIAYINYI0 (GOpPMYJAY BMECTO S BeIMIUHY Ig

tg = at 4+ b,
OTKYy/ia

3HAYHUT, €CJH S eCTh 0YTh, HpOXOI[I/IMI:Iﬁ KOHIOM CTpeJKHn
HaIuX 4acoB, MepAKIMHUX 3Be3JHOE BpeMsda, TO

=%
S:l/g ;
a

TAKUM 00pasoM, 10 OTHOIIEHUIO K T'PABUTANMOHHOMY BpeMeHH
3Be3[H [BIUKYTCA HEPABHOMEPHO; CTPEJKH HAUIAX YacoB
TaK;Ke [BIIKYTCA HEDPABHOMEPHO; B3aTO TsIKEJH CHapALT
najaeT PaBHOMEPHO, XOTA PAasdUYHO IO PASHEIME IIHPOTaMu
demmu. Camo coboit pasymeercs, 4To, IPHHAB I'PaBUTANAOH-
HOe BpeMdA 33 MCTHMHHOe BpeMs, HAM MNPHUIII0CH Ol KOPEHHHEM
0o0pa3oM IepecTpOUTh BCI0 MEXAHHKY; MEXaHHKA CHenalach
OBL OT BTOI IepeIe Ky 3HAYUTENBHO cAoKEee, 60 Macea mpoc-
TeAMNUX ¥ Yame BCero BCTPedaloIMUXCA NABHKCHHH 0Ka3alach
OBl [BWKEHHAMM HEPABHOMEPHBHIMH M IPOMCXONAMUMHA IO
CPABHHUTEJIBHO CIOKHBIM 3aKoHaM. Homeuno, BBejgeHHe Tpa-
BUTANHOHHOTO BPEMEHW ABUIOCH Ol [eiicTBEeM HeIeleco-
o0pasHEIM, HO, TOMEMO NPUHOUIA IEJeco00pasHOCTH U Y00~
CTBa, TPABUTANMOHHOE BpeMs MOTJ0 OH ¢ TeM ke HIPaBoOM
CIYXUTh BpEMeHeM, KaK M BpeMs 3Be3IHOe.
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BBemem, nakoHen, eme TpeTHil COPT BpPEMEHU — epems
masmuurosoe. IlocTponM sHAUMTENBHOE KONMYECTBO OMHA-
KOBHIX 9acOB ¢ MafITHAKOM W IPEMeM 334 OCHOBHOE [BHYKEHHE
Iad M000# TOYKM 3eMHOH IIOBePXHOCTH [BEIKeHHEe KOHIA
CeKYHIHON CTPeNKd 9acOB ¢ MAaATHUKOM, IOMEMEHHEIX B 3TOR
touke. 1lyTh, mpoiileEHkE KOHIOOM CEeKYHZHON CTpEJIKH Ha-
mMUX 9acoB ¢ MAfITHUKOM OT HEKOTOpPO# HA4YalAbHOH TOYKH,
0003HaYUM Yepes iy, I Ha30BeM MaAAMHUK0OSuM epemerem. Jlmus
KayKMOoM TOYKM 3eMHOH HOBEPXHOCTH MAaATHUHKOBOE BpeMs
OymeT NpomOPHHWOHANBHO B8BE3JHOMY BpPEMeHH, TaK 4ro
ABUKOHHAE, PABHOMEpPHOE II0 OTHONIEHWIO K 3BE3IHOMY Bpe-
MeHH, OyHeT paBHOMEDHHM M TI0 OTHOMIEHWI0 K MaATHHKOBO-
My BpeMenu, u o6parHo. Ho B oTamuwme or yHEBEpCAIbHO-
TO BpPEMEHE WJId TPABUTAOUOHHOTO BpEMEHW MafgTHUKOBOE
BpeMs Oyger MecTHHIM ¥ Ha pasHEX IMHPOTax Oymer pas-
HEIM, ~

4. W3 crasaHHOTO BHIIE BHTEKAeT BMECTe C TéM W OTBET
Ha BCeI[a JexaeMoe yKasaHHe O IPEMMYINEecTBaX 3Be3IHOTO
BPEMeHH, TaK KaK 3Be3[[HOE BPeMA AKOOH OCHOBAHO HA BUKe-
HUA pPaBHOMepHOM. B caMoM fese, mOHATHEe PaBHOMEDPHOCTH
IBIDKEHNA YsKe IpeflojiaraeT HAJIWIHOCTH BpeMeHH, a BEIpa-
JKOHNE «IBUJKEHNE 3BE3] COBepIIAeTCs PAaBHOMEPHO» 03HAYAeT
TOJIBKO TO, YTO MBI HaA3tléaem TBUIKEHWE 3BE3J, PABHOMEPHEIM.
PaBHOMEpHOCTH JBWIXEHWS €CTh NMOHATHE COBEPIIEHHO OTHO-
CHTEeNbHOEe,— MOKHO TOBOPUTH O pPABHOMEDHOCTH OJIHOTO
IBIJKEHMS IO OTHOIIEHWIO K APYIOMY, X KOTZA MH TOBOPHUM
0 PABHOMEDHOM JIBHKEHNH, TO IOApPasyMeBaeM IOJ STUM [BU-
JKeHNe pPaBHOMEDHOe, OTHOCUTENBHO JIBUIKEHUS. 3BE3N, YTO
3ByYHT eme OoJiee OJUO3HO, PABHOMEDPHOE OTHOCHUTEIBHO
BpameHusa S3eMiu. B NpunsHaEn# 3a 3Be3THHIM BpeMeHEM
0c060T0 MECTHYECKOTO 3HAUEHWS KPOETCA HeKeJaHHe delo-
BeKa IOHATH BCIO HEIPHTPAJIHHOCTH W CKPOMHOCTH IIOJIOKE-
HOA IIaHETH, HA KOTOpoil, Boieio cymeG, eMy NPHUIIIOCH
anTh., Vjges OpOHMSBOIBHOCTH BPEMEHM OBJIa YCTAHOBJIEHA
eme OGiaaskeHHHIM ABTYCTHHOM B CAEAYIOIUX IOPA3HTEJIbHEIX
cioBax: «Audivi a quondam homino docto, quod solis et
lunae ac siderum motus ipsa sint tempora, et nil annui.
Cur enim non potius omnium corporum motus sint tempora?
An vero si cessarent coeli lumina, et moveretur rota figuli,
non esset tempus, quo metiremur eos gyros, et diceremus,
aut aequalibus morulis agi, aut si alios tardius, alios velo-
cius moveretur alios magis diuturnos esse, alios minus?...
Sunt et sidera et luminaria coeli in signis et in temporibus
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et in annis et in diebus. Sunt vero; sed nec ego dixerim cir-
cuitum illius ligneonale rotae diem esse; nec tamen ideo tem-
pus non esse, ille dixerit... Nemo ergo mihi dicat coelestium
corporum motus esse tempora, quia et cuiusdam voto cum
sol stetisset, ut victoriosum proelium perageret, sol stabat,
sed tempus ibats! (S. Aurelii Augustini. Confes-
siones, L.XI.C.XXIII).

Ms=1, KoHEYHO, He KacaeMcs 31ech, KaK W BCIOAY B HACTOA-
mei cTaTbe, BOOpoca Ieaecoo0pPasHOCTA 3BE3THOTO BPEMEHH,
BOOPOCA O HIPEMMYIIECTBEHHOCTH 3TOT0 BPEMEHH, KaK Cief-
CTBUA MeNeco00pasHOCTH ero BBefeHus. JTH BOIPOCH CTOAT
BHE DaMOK TeX MeTO/[0B, KOMMH MH B HACTOAMEH CTaThe
O b3yeMes.

YcTaHOBHUB TeM WI¥ HHBEIM clocoGoM GusmyecKoe MEeCTHOS
BpeMsa (BHODaB OCHOBHOe JBWKEHHE), HaM yske OymeT me
TPYAHO OIpeJieuTh 0006 [BUKEHNe KaK W3MEHeHWe KOOp-
JUHAT JABIDKYmeHcAa TOUKE ¢ TeueHueM BpeMenu. CoBepIIeHHO
SICHO, 9YTO HepeMeHa OJHOTO BPeMeHHW Ha Apyroe GymeT cooT-
BETCTBOBATH 3aMEeHE THUCJIA f, ABIAIOIUMCS IePBEIM BpeMeHeM,

Ha YWCJO !, ABJAAIOIMeecsT BTOPHIM BpeMeHeM, IpWIeM 3aMeHa
aTa Oymer, KOHEIHO, COBEPIIATLCA Pa3HHEIMH CIOCOo0aMu
B DPasHHIX TOYKax mpocTpaHcTBa. Vmade rosops, dopmyina

IJIA 3aMeHH ! Ha [ Jo/pKHA OHITH HaUWcaHa cieqyomuM obpa-
30M:

(13) t = [ (x4, T3, T35 £);

aTa opMyla HaeT NepBoe yKasaHWe Ha 3HAYATENLHO 00ab-

1 «fI cmemmai, Kak TOBODHIE ONHOMY yIeHOMY: , JIBU;KeHWe JIYHEL,
COJIHIA W 3Be3q — BoOT BpeMma“. fI, ogEaxo, He COIVIACeH.

TloueMy, B caMoM fiejie, ABEYKEHAS [PYTAX TeJ He MOTIH OH GHTH
TaK;ke BpeMemeM? Ecim 0w, HeHCTBATeJBHO, BCe cBeTmia HeGecHEIe
OCTAHOBHJIECh, a KaKoe-TH00 KOIeco TOHJIAapa MPOMOKANI0 GH Bpa-
maThCsA, passBe TOrga He OHUIO OH BpeMeHH, IPA MOMOINA KOTOPOTO ME
craam OH m3MepATh 06OPOTH BTOTO0 Koseca? Mu Gw CKasamam, 9T0 060~
POTH OPOMCXOAAT WA B ONMHAKOBHE HPOMEKYTKH BPEeMeHH, HJIH, eCIIA
0wl ofam w3 mEX Ghurm OHICTpee, a [pyrUe MejieHHEee,— 9TO OHH [JIAT-
ca JoiBme, a Apyrme Mempmre?... CBermma HeGecHHe — DTO 3HAKH,
ompepessAOmMye BpeMs, TONH, JHM; 5TO OpaBga, HO, OCTEPErasch CHa-
3aTh, YTO O0GOpOT [ePEeBAHHOr0 KOIeca — H €CTh [eHb, S BCE-TaKH
He cTaj OH CIOPHTH, 9TO0 STO He BpeMa. IIycTh ’Ke He TOBOPAT MHE:
BpeMs — 3TO [BWKeHAd HeGecHHX Tea. Horma, mo MoanTBe, COJHIE
OBIIIO OCTAHOBIIEHO, 9TOOH YEJIOBEK MOT OfiepKaTh m0obexy, TO COJHIE
CTOSNIO0, HO BpPeMA IIJIO». .
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myo GIM30¢Th BpPeMEHH -K IPOCTPAHCTBY, 46M 3TO OOLIYEO
mpefnonaraercd. OueBHIHO, YTO PHBMYECKOE MECTHOE Bpemsa
B [AHHOW TOYKe apuMeTHBHpPYeTcH TOMOMIBI0 MHOT00Gpa-
3WA dHceN; TaKaM o0pasoM, ¢mamIecKoe BpeMsA B JAHHOU
TOYKEe MOKET CJY/KHTh MHTepIpeTanumel OXHOMEPHOTO Mpo-
crpamcTBa. Tak Kak BHOOp (U3HIECKOTO MECTHOTO BpPEMeHH
B JaHHON TOYKE IPOM3BOJIEH, 4TO COOTBETCTBYET IIPOM3BOJb-
HOCTE apuMeTH3amHHA TOTO <OJHOMEDPHOTO TIPOCTPAHCTBAY,
WHTepIpeTanueil KOTOPOro CIYRAT BpeMsA, To, KOHEYHO, €00-
CTBEHHEIE CBOWCTBA BpeMeHE ((M3HIECKOTO) MOJIKHEL GHITH
B JAHHON TOYKe NMPOCTPAHCTBA MHBAPHAHTHHEI, OTHOCHUTEILHO
mpeoGpasoBaHuil, ycTaHOBICHHAHX dopmymoit (13). Onuum m3
TAKUX COOCTBEHHEIX CBOICTB (M3AIECKOTO BpEMEHN SBIAETCA
npomexcymor. mexncdy Osyma MOMEHMAMU BPEeMeHU,— TIOHS-
THe, aHAJOTWIHOE [JIA OJHOMEPHOI'O (IIPOCTPAHCTBA» BpeMe-
HE TOHATWI0 (U3UIECKOT0 PACCTOAHHA B TpexXMepHOM (umsm-
9eCKOM TIPOCTPAHCTBE.

5. IIpomesxyTox MeKIy ABYMsA MOMEHTaMW BPEMEHH pac-
CMaTpHBaeTcsA BCerfa IpPH YCIOBUE, YTO MH HMeeM [ejio ¢
OJHO¥ W TOW jKe TOYKOW IPOCTPAHCTBA W C PA3IMIHEIMA 3HA-
YeHUAMH (YH3UYIECKOTO MECTHOTO BPEMEHH, OTBEYANIMIMEA
pasEEM MoMeHTaM. IIpoMeKyTOK MeKIy [ABYMA MOMEHTAMM
BPEMeHE eCcTh W3MepuMas WHTeHCHBHOCTh. HadambHoe 3HA-
YeHWe MPOMEKYTKA BPEMEHU eCThb HPOMEKYTOK MEXIY ABYMSA
coBHafalOIuME MoMeHTamu. EjmHWna maMepenus mabmpaer-
¢ ompefesieHHEIM 00pa3oM, B CBA3Y CO CKOPOCTHIO [BUKEHUS
cBera. [IpoMe:RyTOR Me:kMy ABYMsA MOMEHTaMH, pasimdaio-
mEMHCA Jpyr OT Jpyra Ha OecKoHeYHO Majoe (usmye-
CKOe MeCTHOe BpeMs, HAa30BeM OecKOHeuHOo Maauim Hpoie-
agcymrom. Tar wax HaM HY:KHHL OyAYT B [JajbHeimeM JIunih
MPOMEKYTKE MEKAY [BYMA GeCKOHEYHO OIM3KWMEI MOMEH-
TaMd, TO MEl I OCTAHOBUMCHA JHIIb HA OLpEJeJeHUA CHX IO-
CIeJHNX.

Jas ycraHOBIEeHHA TOHATHA O IPOMEIKYTKe MEKAY OBY -
MA O0eCKOHeYHO OJWBKMME MOMEHTAMH BpPEMEeHH ONHUIIeM
Opeskfe Bcero ocoOH# MHCTPYMEHT, TAK Ha3HIBaeMEIe Céeno-
eue wact'. OmE coctoAT (pumc. 16) w3 mceroumwmka cBera S,

1 CBeTOBHE 9acH eCTh HAEANBHE WHCTPYMeHT, COBEpOIEHHO OT-
JIMYHKA OT TOTO, YTO BEINIe MHI Ha3BAJW 9acaMd B JaHHO# Touxe. Uach
B [AaHHOH TOYKe CIAYKWIM HaM JAIMb B Ka4eCTBe BCIOMOTaTeJILHOTO
npubopa, cBeToBHeE YacH GymyT, Ha0GOPOT, HIPATh CYMECTBEHAYIO POIB,
CBA3AHHYI0 ¢ 0C0GO# PpOJBIO, KOTOPYI0 HIpaeT CBeT.
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IOCHLIAIOIMET0 AyY CBETa IO OIpefeSeHHOMY HAIPAaBJICHHUIO;
3epKaja m, HNePUeHAUKYIAPHOTO nydy (IpaBHIBHEE, OTpa-
FKA0IMETo Jyd 0 HAaOPaBJICHWIO, TPAMO IPOTUBOIONOKHOMY
HaIOpaBJeHNI0 MAfalomero JIyJa) W MOrymero OHITH TepeBu-

T
TaeMHIM Ha J06oe paccTosETe 5 OT S, ®, HaKOHeN, IPUeMHN-

Ka §’, HaXoAAmerocs B TOil Ke TOYKe, KAk W S, W PeracTpu-
pylomero mpuOmTEe B S’ OTpaskeHHOTO Jyda. ¥ CIOBHMCS
IJIHEY, PAaBHYIO YABOGHHOMY DPACCTOSHHUIO 3epKajia OT HCTOY-
HUKAa CBeTAa, HA3KBATh OAUHOU ¢8eM08020 Aly4d.

AL Z
SAS

Pumc. 16

bl

BeckoHeuHO MallBIM IPOMEKYTKOM MEKAY IBYMA MOMEH-
TaMu BPeMeHH B [AHHON TodKe J IpoCcTpPaHCTBA MH Ha3HBaeM
TaKkyl0 0ECKOHEYHO MAJYI AAUHY dT CBETOBOTO Jyda B CBETO-
BHIX YacaX, OpH KOTOPOH WCTOYHUK S [[aeT CHTHAN B TIEPBHLil
MOMEHT, a OpPUEeMHHUK S’ PerucTpupyeT OTPaKeHHHH CUIHAJ
BO BTOpO# MoMeHT. QueBHHO, YTO B Pa3HHX Toukax M mpo-
cTpaHcTBa dt Oymer pasiawdHeM, 160, BooOme ToBOPsS, CKO-
poCTh IBWKGHHS cBeTa OyIeT B PAasHHX MecTaX pasinmd-
ga. Eciy MH Opu H3MepeHWH WHTE@HCUBHOCTH IIPOMEKYTKA
BO3LMEM [PYIYI0 eQUHHIY HW3MepeHWsA, TO 9YHCI0, H3Me-
pAlomee NPOMERYTOK, Oymer y:xe He dt, a [dt, 9ro, camo
co0ol0 pasymeercsa, He cymecTBeEHO. CpaBHEHBag O0ecKo-
HEYHO MAaNKH OpoMeXYTOK dt ¢ 0eCKOHEYHO MAJHM NpH-
pamenzmeM MeCTHOTO (M3WIeCKOTO BpeMeHEm df, Ml OyaeMm
HMeTh

(14) dv =T (.’1)1, Lo, X3, t) dt,

e T saBHCHT, KOHEYHO, KaK 0T IojokeHHA Touku M (or
KOOpAWHAT Z;, L2, £3), TAK W 0T MoMenTta {. Oyarouio T Mu
SKCIEePUMEHTAJAbHO ONPEHeNNM, BOCIONb30BABIIACH HAIIMMA
CBETOBBIMEA TacaMM M1 Pa3HEX TOYeK MPOCTPAHCTBA M B pas-
JIUYHEIE MOMEHTH BpeMenn. lIpoMexyToK, KOHEYHO, He 3aBU-
cuT ot cumocoba ycTaHOBIAeHHA (ESAIECKOTO MECTHOTO Bpe-
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mernu. Eciu MbI, B caMoM fiejie, 3aKpenuM 3ePKajio m B CBETO-
BHIX 9acax TaK, 9T00bl [JMHA CBETOBOTO JIyda PaBHAIACH OBl
dv, To, kKaxkuM OH 00pa3oM MBI HW BBOTUIN (PU3WYECKOE MeCT-
HOE BpeMs, BCeTHa TMPOMEKYTOK Me;KIy MOMEHTOM CBETOBOTO
CHUTHAJIA W MOMEHTOM pEerucTpanuyu BO3BDATUBIIETOCS CHIHA-
a1a Oymer (mo ompepenernuio) paBeH dT; 3T0 00CTOATEIHCTBO
MOJKHO BHPAasuTh B BHje TpeGoBaHWS HHBAPWAHTHOCTH CKO-
pocTH cBeTa IO OTHONmEHWIO K mpeoOpasoBamumaM sBuma (13).
Tak KaK IPOMEXKYTOK BpeMEHH MHEl CBA3aJd C JBIKEHHEM
cBeTa, TO TeM CAMHM ME TPUINCAJY CBETY 0CO0YI0 pPONb;
B OTOM HET HUYET0 YAUBHTENBHOTO, W00 NPH OUIpeeeHnH
(HUBUYECKOHl [MIAMHK HAM TNPHUIIIOCHh Obl (BBHAY dJIEeMeHTap-
HOCTH BOIIPOCA MHL B COOTBETCTBYIONIEM MECTe CTAThH HA BTOM
TMoApo0HO He OCTAHABJIMBAJIUCEH) OPUIHCATH 0COOYI0 POIb
au6o TOMY ke cBeTy, JuG0 MHCTPYMeHTaM (TBepAHIM TejaM),
CIY/RAmM®UM [JIA M3MepeHusA (QU3WIECKOTO PACCTOSHUA.
¥Yo6cTBO M BayKHOE CBOHCTBO CBETOBHIX YaCOB 3aKII0YAETCS
B TOM, 9TO WMH MOKHO IIOJIB30BaThcA B J000# TOIKe Mare-
PUAIBHOTO HPOCTPAHCTBA, MO0 CBOT (3JIEKTPOMATHHTHEE KO-
ne0aHUA M TOK) JABIIKETCA (PACIPOCTPAHIETCA) BO BCEX Ma-
TEePHANBHEX TexaX. AHAJOTMYHHIM 00pasoM IOCTOAHHEE
3BYKOBHIE GacHl He MOIVIZ OB GHITH HCIIOJbH30BAHEL, HAIPUMED,
B TeX YacTAX MaTepHaJbHOTO IPOCTPAHCTBA, KOTOPHE 3aHOI-
HEeHHl TOJBKO JYdUCTOl0 sHEprueil. OHU He MOTJIH OB CTYIKUTH
OJS OIpeelieHnsI TMPOME;KYTKOB BPEMEHH B MeKILIAHETHOM
TMPOCTPAHCTBE WX B IPOCTPAHCTBE MEKAY MOIEKYyIaMH, H,
TakaM 06pasoM, HOHATHE MPOMEKYTKAa BPEMeHW, YCTaHOB-
JIeHHOEe ¢ IOMOIIbI0 3BYKOBHX 9acoB, BOBCE OTCYTCTBOBAJIO
OB BO MHOTHX TOYKAX IPOCTPAHCTBA.

§ 6. 1. PaccmarpmBaa ¢usmueckoe Ipo-
JlBusmenne CTPAHCTBO ¥ BPeMs B OTJeIbHOCTH,

MBI BH[eAW, KaKEM o0pasoM Opom3-

BONBHOCTHh apuMeTH3ANUE KaK TpPO-

CTpaHCTBA, TAK ¥ BPeMeHH B3acTaBisgeT IPHSHATH, 9TO CO6-
CTBeHHHIE CBOMCTBA MPOCTPAHCTBA W BPEMeHH, T. €. CBOIi-
cTBa, He B3aBHcAmHUe OT cmoco0a apupMeTH3aNUHE, TOJFKHEI
OHITH WHBAPHAHTHE II0 OTHOUIEHWIO K CIELyOmuM Ipeobpa-
30BaHUAM UMCEN X1, X2, £3 A f, apuMeTHBHPYIOMUX IIPO-
CTPAaHCTBO W BpeMs OXHHM cmocoGoM, B dwmcia Zi, Tg, Zg

u ¢, apupMeTHBUPYIOIEe NPOCTPAHCTBO H BpeMA [pPYTEM
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crocobom
Zy = f1 (24, T3, T3),

Ty = [5 (%1, T, T3),
(15) -

T3 = [3 (%1, T, T3),

t_= f (xl, X9, X3, t).

Herpyaao Bupmers, uro 9Tu mpeoOpas3oBaEnms 0000 BHEISIOT
poJAb BPeMeHN U He ABJAITCA CaMHMu 00muEMz mpeobpasoBa-
HEAME OMHON dYeTBePKW YHWCeN, apHPMeTH3WPYIOmUX Ipo-
CTPAHCTBO M BPeMsA B PYI'YI0 9eTBEPKY JUCEI.

Ve cammuiit meecTecTBeHHBIM Bmp (gopmyn (15) moxassl-
BaeT Ha HE00XOAWMOCTh NalbHelmero ux o6oOmeHHmA. ITO
BIIOJIHEe ecTecTBeHHoe o0o0meHme MoskeT OHTH 0e3 Tpyda Imo-
JIVI€HO, KOTMAa ME pPaccMOTpEM Oiwm:Ke CBA3H (PHE3UIECKOTO
mpocTpaHCTBA ¢ (H3WUecKWM BpeMeHeM, — CBA3b, BEIparKa-
omyocs [mKeaneM. J[BrKenre Kakoi-1mbo MaTepHalbHON
TOUKK AHAJIATHYECKH MOMET OHITh BHIPa/KeHO TeM o0cTofA-
TeJILCTBOM, 4TO KOOPAMHATH 3TOH TOYKA OYAYT PyHKDUAMHI
(H3IIeCKOTO BpPEMEeHH.

o= @1 (), T2 = @y (£), T3 = @3 (7).

CpoficTBa [BMKEHHA M3YYalOTCA B 0cO0OM OTHENE Mexa-
HOKE — KUHeMamuke, KOTOpPYIO, 10 CIPaBe[JIWBOCTH, HaB3H-
BAIOT 2eomempuell JsuiceHus W KOTOpas CTaHOBUTCA [eHcTBU-
TeIbHOU IreoMeTpHel, eciy ME MHTePIPETHpYeM TpH KoOopAu-
HATH Z1, 2, £3 ¥ BpeMsa {, KaK YeTHpe KOOPIUHATH HEKOTOPO-
To 4eTHPeXMepHOTO TPOCTPAHCTBAa: NPH TAKOH HMHTepIpeTa-
OU¥ OBWKeHWe Ni060# MaTepmalbHO# TOUKH OyfeT HaM 3afa-
HO B BUJle KpU60’ B 9TOM UYETHPEXMEpPHCM IPOCTPAHCTBe; 3Ta
KpHBas BIOJHe ONPeNeNnT HaM IBUKEHUTE, T. €. ;KASHH Hamed
MaTepHAJBHON TOYKH, W, MOKeT OHTH HO3TOMY W Ha3BaHA
KPHWBOIO KM3HH MaTepwajbHOU Todkm. MEI, ciefysa ycraHo-
BHBINEHiC TEPMUHONOTHYW, OyHeM HASEBATh 3Ty KDPHBYIO
MuUpoeoll aunuel, omsgeuaroupeli Haweil moure. UToOH scHee
IpefcTaBATh ce0e TOJBKO 9TO0 YKa3aHHYI WHTEPIPeTAMUIO
OBUKEHHSI, CBOAAMYI0 KAHEMATHKY K TeOMEeTPWH, YIPOCTHM
Hamie TPOCTPAHCTBO M0 ABYMEPHOH HBKJIANOBON ILIOCKOCTH
7 apudMeTHsEpyeM B5T0 HPOCTPAHCTBO BBEEHHEM IPAMO-
YrONBHHX NPAMOJIAHOHHHX KoopmmHAT (T, 32). UTOGH HH-
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TepIperapoBarh [BAKeHNE, COBePIIAlomeecs B Hameil II0CKo-
CTH, BBeJleM B DPacCMOTpeHWe TPeXMepHOe 9SBKIHIO0BO IIPO-
CTPAHCTBO, apE(METH3APOBAB €TO IIOMONIBIO BBEJIGHHA IpsA-
MOYTOJBHKX NOPAMOJHHEHHHX KOOPAUHHAT TaK, 9YTOOH JIBe
KOODAMHATH OHIE OBl 7y, T2, & TPeTbA ObLIa O BpeMeHeM ¢
(pme. 17). Bmmkenne B Hameil mIocKocTH OyfieT BEIpaMeHO

paBeHCTBAMH:
4

Ty = @1 (£), Ty = @ (2);

reoMeTpmieckKoe MecTo TIo-
JIO/KeHUH MBWKYMEencsa Toq- /
KI JacT HaM TPaeKTOPHIO V
C, HoO TpaeKTOpHA HE oIpe- ] z
fJelisieT BIOJHE [BUIKEHWS,
n0o MH He MOKeM IO OJHOH
TOJIBKO TPaeKTOPHH CYIUTh,
B KaKol ee Touke Oymer %
JAaHHOMY MOMEHTY HaXO0-—"
JuTHCA HAmla MaTepHaJlbHAA Pmc. 17
touka. HaoGopor, Muposas
aueua W, KoTopad B HameM cjydae ABUTCH KPUBOH B IIpo-
cTpaHCTBe, BIOJHE OIpefenuT cofoi ABmkeHme. B camom
mexe, B3fB Kakyio-iu6o Toury Q ma jummmm W, MBI, omycKas
NEePUeH[MKYAADP Ha IJIOCKOCTD X1Z2, HANMEM TOYKY TPAeKTO-
puHE, B KOTOpPOi# OyAeT HaxofuThesA HAIla MaTepHAJbHAS TOU-
Ka K MOMEHTY ?, oIpefielsieMoOMy MJIMHOR 3TOT0 NepPHeHNAUKY-
aspa. IlmockocTs ¢ = #o GymeT MIOCKOCTHIO, TApAJNIETLHON
Halllel MIOCKOCTH; IepecevueHne IIOCKOCTA { = £, ¢ MHPOBOM
nuameit W onpegenuT co6oii Kak pas IMONOKEHAE HA ILUIOCKO-
CTH HAIleil MaTepWadbHON Touku. Takum o0pasoM, IBUIKeHHE
BCeX TOYEK HAIe#l NJIO0CKOCTH BIOJNHE ONPEeJeJUTCH, eCIU MBI
OymeM mepecexkaTh CHCTEMY MHODPOBHIX JIHHAMHA HAIIAX TOYEK
TIOCKOCTSIMA ! = fo WM OPHUIABATbh lo PasHbe 3HAYCHWI.
Momosxum (puc. 18), aro ABOE HAYT 1O OCH Zy, OTUH C IO-
CTOSIHHOM CKOPOCTHIO @, APYTO# C TMOCTOSIHHON CKOPOCTHIO b;
o0a & Momenty ¢ = 0 BEIXogAT W3 Havaia KoopgamEaT. Tpaek-
TOpHA y 00OHX IemeXoxoB OYAYyT OfWHAKOBEE, HO MEPOBHE
muavn (npavete I m I1) 6yayr pasamdHsl; HETPYAHO TaKsKe
Buzers (pume. 19), uTo MmpoBas nUHEWA TOYKH, ABWKYymMeHcs
paBHOMEPHO IO Kpyry, Gymer BmHTOBasA JauAus. Bce, d9T0
CKasaHOo OHRJIO IS YacTHOTO BUga apuMeTrHsamuy KBYMep-
HOTO HOpPOCTPAHCTBA H BPEMEHHW, NPHMEHAMO H K o0meMy
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cJlydJaio IPON3BOJBHON apuPMeTH3anuu TPOCTPAHCTEA B Bpe-
MeHO.

3agaBad B UeTHIpEXMEpPHOM TIPOCTPAHCTBE ONpPEIeNeHHYIO
MAPOBYIO JHHUIO, MH [JIA KaKI0il TOYKE 9TON AmHAE Oymem
3HATH BCE ee YeTHpe KOOpJAWHATHI, T. €. 9UCAA Iy, X2, L3 U {,

L,

Zz

Pumc. 18 Puc. 19

cllefoBaTelbHO, OyneM SHATH HOJOKEHWe HAIMeH TOYKA K Mo-
menty {. Ilonomenne Bcex To9eK TPEXMEPHOTO MUpa K MOMeH-
TY ¢ = o MH TOJYYHM, €CJIH CHCTeMYy MUDOBHX JHHHH, 0OTBe-
YaoImMEX 3TEM TOYKAM, IepecedeM TPOXMEPHEIM MPOCTPaHCT-
BOM, IIOJIyYaeMEIM H3 HAIIEr0 YETHPEXMEpPHOTO, mmoJaras
t = o} TaKoe MPOCTPAHCTBO OyAeT 9aCTHHIM BHOM TOTO, UTO
MH B [aJbHEHNIEM YCIOBHEMCSA HASHBATh 2UNEPNO6ePTHOCTLLIO
OpPOCTPAHCTBA dYeTHpex wmaMepenmit. Taxkwum obpasom, Bea
JKH3HDb HAmero (UamYecKoro IPOCTPAHCTBA, CBORAMAACH
K JBUKOHWI0 MATePHAJNBHEX Tel, €T0 COCTABIAIOMMAX, MOMKET
OHITH BRIDAJKEHA CHCTEMOI0 MUPOBHX JIWHUH YeTHPEXMEPHOTO
TPOCTPAHCTBA.

2. ToBopss o ABWKeHWE, MBI PAcCMAaTPHUBAJIA [BIKEHWA
B QM3WIECKOM IIPOCTPAHCTBE, T. €. B IPOCTPAHCTBE, 3aI0AHEH~
HOM MaTepHaNbHEIMH TeJaMH, B KOTOPOM IOJOKEHHE TOYKU
(HKRCEPYeTcs HOMOIIBIO OIPEeNeHNsI MATePUAIBHEIX Tell Hild
mpomeccoB; TOITOMY [BWIKEHWe, HAMHI paccMaTpHBaeMoe,
eCThb 0sujiceHue omHOCUmesdbHoe, N0 OTHOIIEHWIC K TeM MaTe-
PHANBHEIM TejlaM, KOTOPHE CJIYKAT (KOOPIHHATHOH pemnrer-
Koi» nna Hamero ¢usmdieckoro npocrpascTBa. Ho, ogeBmgHo,
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470 U3MIECKOe HMPOCTPAHCTBO MBI cMoriam Obl apupmer:manm-
pOBAaTh He TPHU HOMOIIHA TEX TeJ, KOTOPHle HEeIO/(BU/KHbI, a IPH
IIOMOINM TeJ JBIKYINUXCS, TOTJA BTOPHE Tera o0paszoBajin
0B (QUsEIECKOe MPOCTPAHCTBO, IO OTHOIIEHHI0 K KOTOPOMY
DBUTANUCH O Tela, cHAYaja OPU3HAHHEI® HAMHA HEMOIBUK-
aeMu. Becnosiesno Gbiio OBl OEITaThCSH OTBETUTH HA BOIPOC
0 TOM, KaKme Ke Tejia JBIDKYTCA M KaKde HEMOJBWKHBI, B00
CaMEIH TEPMAH «[BUKOTCS» MOKET MMETh CMBICJ TOJNBKO OTHO-
CHTENbHEI: MOKHO PAcCMaTPUBATh BYKEHNE OXHON CHCTEMEI
TeJ II0 OTHOIIEHWIO K JApyroit cmcreme. Pemuth. Bompoc,
KaKoe jKe [BYKOHWEe NCTHHHOE, DKBUBAJEHTHO peIleHuio Gec-
MOJIe3HOTO BOIPOCA O TOM, 4TO K 4eMy IPHUBEIIEHO: XBOCT
Jd K cobake mim cobaka K XBOCTY.

CnpammBaerca Temeph, KakUM ke o0pasoM OCYMECTBIs-
eTcs JBI)KEHWe BCeX TOYEK Hamiero TpexMepmoro mmpa? Jlius -
OCYIIECTBIEHHS 3TOTO JBIKEHUSA W3 KAKIOU TOYKU TpexMmep-
HOT'0 IIPOCTPAHCTBA (Z1, L2, ¥3) He00X0AMMO IPOBECTH MHPO-
BYIO JUHMWIO; 3Ta MEPOBasA INHUA M300pasuT coboil ABMKEeHTE
Halleil TOYKH; HYCTh KO BpEMEHH { HAlIA TOIKA, IIOCTOSHHO
nekauas HAa MHPOBOH iuHWH, OyHeT HWMeTh KOOpAHHATAMA

Ty = @1 (t), Ty = @ (£), Tz = @5 (2);

TaK KaK KRa)KOOlfl TOYKe TPeXMepHOT0 MHpa COOTBETCTBYeET
CBOsI MHpOBAasg JHUHAA, TO, 0YeBHAHO, PopMa QYHKOUA @1,
¢2, @3 Oyger pasHas JiIA PasHBIX TOYGK IPOCTPAHCTBA, M,
3Ha9UT, QyHKHOEE OYAYT 3aBHCETh HE TONBKO OT {, HO M OT
i, T2, T3

Ty = f1 (%1, Zo, T35 t), Zo = fo (X1, To, T35 1),
T3 = f3 (%1, T2, T35 1),

Opun u3 cmoco6oB apudMeTH3anUM IPOCTPAHCTBA COCTOUT
B COIOCTABIEGHAU KAaKHOH €ro TOYKe 4HWCeN L1, X2, L3; IPH
3TOM c1oco0e, OTHOCHTEIBHO TOYEK HAIIer0 IIPOCTPAHCTBA,
MaTePHAJBbHEE TOYKA [BUTANACH, COTNACHO IPEeJEYIUM
dopMysaM, HO MEL MOTIU OBl CYMTATH DTH MOCHEJHUE TOIKA
HeIOJABIKHEIMY ¥ TOTA MOKHO OBIZI0 OBl apm(MeTH3WPOBATH
MPOCTPAHCTBO, CONMOCTABUB KaKI0H €ro TOoIKe TPH HOBBIX
qmuciaa — Z1, L2, £3. TakuM o0pasoM, IPOCTPAHCTBO I BpeMs
MH MOKeM apupMeTHsUpOBATH ABYMA cmocobaMu, IOMOIIBIO
4eTBePKHA YUCEN L1, L2, £3 U [ UM ITIOMOM[BI0 IETBEPKH YHCeJ

Z1, T2, Ts U ¢, TIPA BTOM IEPEXOJi OT OJHOIO cocoba apudme-
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TH3anu| K JAPYroMy BEIpasutca CIAEAyIOMEuEMHI (bopMyJIaMﬁ:

%y = 1 (T, g, T3; 1),
Ty = [2 (T1, T, T35 1),
:E.‘S = f3 (xh Loy L3, t)1

= [ (L1, Za, T3} t).

(16)

o~

Bce cobcrBennbIe ¢BOMCTBA IPOCTPAHCTBA M BPEMEHM LOJIKHEL
UMeTh WHBAPHAHTHYI (OpMYy IO OTHOIIEHWIO K mpeobpasoBa-
guaAM (16); B armx mpeoOpasoBaHHAX pPOJH BPEMEHHM HUYEM
0COOEIM He OTJIMYIaercsA OT POJNU IPOCTPAHCTBEHHEIX KOOPAW-
HAT W J0CTaTOYHO 0003HAYUTH BpeMdA { depes Iy, a QYHKIUIO
f depes f, nas Toro, 4ToOH fajke BHeNmHSASA ¢opMa mpeobpa-
sopaHmit (16) mepecrama Ob ykaseiBarh Ha 0c000e HOJOKe-
HOe BpeMeHH; IIPUHAB TOJHKO 9TO YKasaHHEe 0003HAYOHUSA,
MH mepenmmeM ¢opmyny (16) B Taxom Bmpue:

Ty = f1 (%1, Ta, T3, Tq),
(a7 Ty = fo (21, X2, X3, Xg),
) i3 = f3 (xh Lo, x31 x4)7

Ty = f4 (T1, o, T3, Ty).

Taxum o6pasoM, BpeMs CBepraercsi CO CBOeTO Ibefecrala.
Vcnonmsaiorcs ciioBa BeNIMKOr0 HEMEIKOr'0 MareMaTuka Mumn-
KOBCKOTO, IOCTABJEHHBE BMHTPaPoM K HACTOAMEMY OTHENY,
7 QU3WIECKUN MHUpP OpefcTaer Ipef HaMH B CBOEM HCTHHHOM
CBeTe, KaK COBOKYIHOCTH Bemieill, HA3EIBAGMBIX AGACHUIMU,
XapaKTepu3yeMbIX TpU apUPMeTH3alWi YeTHIPBMsA YHCIaMU
21, T2, L3, 4. Dusuueckull Mup MOKET CAY:KUTH, HA OCHOBA-
HUY CKAa3aHHOT0, WHTEpIpeTanueil OPOCTPAHCTBA YOTHIPEX
H3MEepeHuil; Asienie PUBUIECKOTO0 MUPA CTAHOBHUTCA HMHTEP-
mperanueil TOYKU YeTHPeXMEpPHOIr0 TeOMETPHYECKOT0 IPOCT-
pamcrBa. Bmecrte ¢ 9T0il HOBOI TOUKOM 3peHUsA HA QU3UICCKUIT
MHEp OTHAJal0T M Te TPYAHOCTH MCCJIEJOBAHHS €ro, Ha KOTO-
psle MEL YKasHIBAJW B KOHIE NPEeJHAYMEro OTHela: BpeMs
IepecTaeT MemaTh HANIMM HCCJIEOBAaHHUAM, HA06OpOT, HOTe-
PAB CBOE€ IPEAMYINECTBEHHOE IIOJOMKEeHNe, CMENIAaBOINCH C
IPOCTPAHCTBEHHKMA KOODPAAHATAMHA, BPEOMs CTAHOBHTCA JIe-
ATeIbHHM DOMOIMHAKOM IIPY HCCISI0BAHNE Yike He (usuuecko-
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20 npocmpancmea U He PUIUUECK020 PeMeHU, Komopux cd-
MUT N0 cebe Hem, @ COB0KYNHOCMU NPOCMPAHCMEA-8PeMEHY —
pusuveckozo mupa.

CoGcrBeHHbIE CBOMCTBA 5TOr0 (PM3HYECKOr0 MHpPA HHBADPU-
aHTHH, OTHOCHTeIbHO DnpeoOpasoBamuit (17), m, ecam Mul
IpH3HAeM, 9TO BCe IPOLECCH (U3WIECKOTO MUPA HPOUCX OJAT
OO0 3aKOHAM, HE 3aBUCAMYM OT cmocoba apudmermsaiuu ¢u-
3WIECKOT0 MHUpA, TO BCe amu usueckue 3aKoHb A8imcs cob-
cmeeHHuMU ceolicmeamu Pusuyeckozo mupa u 6ydym umemo
Popmy uHEAPUAHMHYIO, omHocumesbHo npeobpasosaruli (17).
ITonoxenme sro, KOTOpOE MH Oy[eM HA3KHBATH IOCTYIATOM
NHBAPHAHTHOCTH, HTpPaeT OTPOMHYIO POJIb B BOIpOCE WHC-
ClIef[0BAHWA W YCTAaHOBJEHWA (M3UIECKUX 3aKOHOB.

3. llonesHo ocramoBUTHCS, XOTA OBl BKparie, Ha WCTO-
pUYeCKOM IyTH, OpHBE[IIeM K IIPECTABICHUI0 O UeTHpeX-
MepHOCTH (M3WIEeCKOT0 MUpa W K IOCTYJaTy HHBAPUAHTHO-
CTH. JTOT WCTOPWIECKUH OYTh, ABJIAACH TEPHUCTHIM IIyTEM
OTKPHITAA MCTUHH, OB COBEPINEHHO OTIWYEH OT TOTO JIOTH-
YeCKOT'0 MYTH, KOTOPH# OBLI W3I0KeH HaMHU B IPEIbIIyIIAX
CTPOKAX.

Bompoc o mpowmsBobHOCTH (U3HIECKOr0 BPEMEHNM CHada-
la He DOJHWMAJCA BOBCE, BpeMs OBIJIO ONHO — YHWBEPCAIb-
HOe BpeMs, KOTOpOe IIoKashBain HaM 3Besnsl. Unaue oGeTosmo
JeJ0 ¢ KOOPAUHATHOM CHCTEMOM I MPOCTPAHCTBA; B TedeHHE
MHOTAX BEKOB KasajoCch HE3bI0JEMBIM NPOYHOE W IIPenMY-
MIECTBEHHOE IOJOKEeHNe 3eMIM, B TeUeHHE T0JTUX BEKOB roc-
O/ICTBOBAJIa OTOJIOMeeBAa KaprmHa Mumpa. HomepHuWK, ofwH
W3 MePBEIX TOJIKHYBIIWA 3eMJ0 B IPOCTPAHCTBO W 3aCTABHB-
mIn# ee ABUTATHCA, MepeHeC KoopamHATHYIO cucteMy Ha Coim-
Oe ®, OTHOCHTEJIbHO 9HTON CHCTEMEHI, HPENIOKHI H3yIaTh
IBWKeHwe Quamdeckoro mumpa. I'ammneit uw Hrioron, ycramo-
BHUBIIME HAYaja MeXaHWKM, BHIACHHIA ¥ (OPMYJIHEPOBAIH
BCEM WM3BECTHHIA ¥ BCEMU OIMYIMAeMHH 3aKOH HHEPIUA; UC-
THHHHH CMEBICJI STOTO 3aKOHA 3aKJIIYAJCA B TOM, 4TO C IO-
MOM[bI0 3aKOHOB MEXaHHKW HeT BO3MOMKHOCTH Y3HATHh Hps-
MoJInHeHOe U PaBHOMEpPHOE [BWKEHHE; B [JBYX (PU3HIECKHX
IPOCTPAHCTBAX, B3 KOTOPHX OJHO HENOJBHIKHO IO OTHOIIE-
HOI0O K TpeTheMy HIPOCTPAHCTBY, a APYroe ABWIKETCA IPSIMO-
JnHe#HO W PaBHOMEPHO, BCe MeXaHWYeCKWe SBJIEHUSA OYRyT
NPOUCXONUTH COBEPWEHHO 00uHaroso. BriOpas mua apmpme-
TH3alUW OPOCTPAHCTBA CHCTEMY IPAMOYTOJNBHHX HPAMOJH-
HEeWHHIX KOOpPAWHAT U OpefmoJarasd, 9TO [BIyKeHHe ORHOH
CHCTEMBI OTHOCHTEJIBHO JPYTOH coBepmaercs IO OCH %
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¢ IOCTOSTHHOH CHOPOCTBIO U, BHIPasMM 3aKOH MHEpPIUM, Kak
TpeGoBaHNEe WHBAPUAHTHOCTH 3aKOHOB MEXAHHUKH, MO OTHO-
UIEHUI0O K Ipeobpa3oBaHUAM CIEAYIOIMEro BHa:

(18) Ty = Xy — O, Ty =y, Ty =&y, t =1.

C pasBmTHeM HamWX 3HAHWH O PWBHIECKOM MHUpE K 3aKO-
HaM, KacalOIMUXCA SBICHUI MeXaHWIeCKUX, UpuOaBUIHCH
3aKOHBL 00 fBJIEHUAX BJIEKTPOMATHATHHIX W B TOM YHCIe
0 PacIpOCTPAHEHUHM CBETA — B3TOTO 0CO0OTO BH/A DJIEKTPOMAr-
HUTHHIX BOJH. BHIACHANOCH SKCOEPHMEHTAJIBHO, 9TO IIPO-
cTpaHcTBO (3dmp), T/l PACIPOCTPAHAITCH IEKTPOMATHUTHEIE
(cBeTOBBIE) BOJHHI, HE [BUKETCS BMecTe ¢ Jemiell (OmEIT
QDuzo u ap.); TaKUM 00pPasoM, XOTS C HOMOINBI0 MeXaHUIe-
CKUX ABJEHUH W HeJNb3A ObLI0, CHASA B 3aMKHYTOM HOMeIeHAN
Ha 3eMHOII II0OBEPXHOCTH, ONpPENeJUTh IOUYTH IPAMOJHHEH-
HOE HA MAaJHX YydYacTKaX HYTH ¥ PaBHOMEpPHOE [BIKEHWe
3emuu mo ee opOuTe, HO Ka3al0Ch, 9TO C IMOMOMBIO CBETOBLIX
ABJIEHAN 3T0 creaarb Oymer HETPYAHO, GO CBET PacCIpoCcT-
pamsercs B NPOCTpaHCTBE, KOTOpoe BMecTe ¢ JeMieil He
OBWIKETCA, a B3HAYUT O OTHOMIEHMIO K CBETY TakK ke Oymer
JeTKO 3aMeTUTh BW;KeHHE 3eMId, KaK JIerKO 3aMeJaercs
IBWKEHHe JIOTKY (CKOJMH OB paBHOMEPHO OHO HH OBLIO) OT-
HOCHTEJIHHO HEmOBWKHEIX Oeperos peku. B 1881 r. Mai-
KeJhCOH MPOMBBEN CBOM B3HAMEHUTHIHA OUHIT, TOJKEHCTBOBAD-
muil 00HAPYKUTH BHKEHHEe 3eMJIH OTHOCHTEJIBHO IIPOCT-
paHCTBa, B KOTOpDOM pacmpocTpadserca cser. Pesymasrar
omsita MaiiKeJbCOHA OKA3aJCHA OTPHLATENBHEIM: He YaJoCh
DOAMETUTH HUKAKOTO BJIMAHWA [OBUIKEHHS 3eMIH HA CBETO-
BHIE BOJIHBI, PACHpOCTPaHAINUECS B [ABWKYIMENCH BMeCTe
¢ 3emueit naboparopuu. [Ipuxonuiaocs [OOYCTATH, 9TO CKO-
POCTH 9T COBEPIIEHHO OJMHAKOBA, PAcCMaTpWBaeM JM MEI
pacIpocTpaHeHHe CBETA, OTHOCHTENHHO HEIOABUIKHOTO IPO-
CTPAHCTBA WJIE OTHOCUTEIHHO HPOCTPAHCTBA, ABUIKYINETOCSH
OpsAMONMHEAHO W paBHOMEpHO. JTA rHIOTE3a, B CBABE C 3a-
KOHOM WHepHUH, [ajla BO3MOKHOCTH HCOPABATEH (HOPMYJIEL
(18), Bmpaskaromue IpeoGpas3oBaHHA, IPOUCXOAAMME C KO-
opAmHATAMH IPU HPAMOJMHEHAHOM W pPaBHOMEDHOM JIBHie-
HUW, BBECTH B 9T (OPMYIH HEKOTOPHE MaJjble BeJHINHH,
B OOBIYHBIX CJIYy4asX Ha Pe3yabraTl YUCIEHHO IOYTH HE BIW-
Alompe, HO WMeIMUe KOJO0CCANbHOe HPUHIUINAIbHOE 3Ha-
deHne. Y KazaHHAs HOIpPABKa BIIEPBHE IOCTAaBWJIa BpeMsI HA
OfHY JOCKY ¢ KOODPAWHATAMH, I MMEHHO HAYMHAS C 3TOH HU-
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9TOKHOI MOTpaBKM, HACTYNHI KOHEI[ apCTBOBAHNA BPEMEHH.
Dopmynst (18), co BBejeHWeM yKa3aHHON LIONPABKY, MO~
HH OHJIE OBHITH HAIIUCAHHL TaK:

v

x — vt = =%
(19) Ty = —-7x2:x21x3=x31t:

v2 o ]
t—= t—a
v
rne ¢ — CKOPOCTH CBeTa, BBJIH‘II/IHaT HUYTOXHO MaJia Impn

MaJIBIX HA#mX OOBIYHHIX CKOPOCTAX, mo3ToMy dopMyas (19)
MPAKTAYECKA TMOYTH HUYEM HE OTJIUYanTca oT fopmyn (18).
[pmanunonanbHo, OgHAKO, pasHUIA OTpoMHAs, mO0 mocief-
B u3 Popmyn (19) umeer xaparrep dopmyus (13) u BBogmT
cpasy IOHATHE O MeCTHOM BPEMEHWU; KpoMe TOro, B gopMyiax
(19) Bpems yixe mepecraeT WIPaTh TY MCKIOUATEIHHYIO POIb,
Kak B Popmynax (18). @opmyusr (19) moio:umin HAIaIO0 TaK
HaBEIBAEMOMY CHEYUALbHOMY RNPUHYURY OMHOCUMELbHOCTU,
BBEIeHHOMY OJHHMITeAHOM W HA3BaHHOMY TaK 3a YTBEp:[e-
HOe BTOHl TEOpHH O HEBOBMOKHOCTH ONPEJeNWuTh IIpPAMOJIH-
HeiHOe PABHOMEpPHOE [BW;KEHHE NPOCTPAHCTBA, HAXOISCH
BHYTPH 3TOT0 CaMOro npocTpaHcTBa. CmemwalbHBIA OpHH-
AT OTHOCHTEIBHOCTH BIIEPBEIE CTAJ PACCMATPUBATH HE IIPO-
CTPAHCTBO W BpeMsl B OTHENLHOCTH, a COWHEHHE WX B BHe
PuaMIECKOTO MUpa, 3aKOHHI KOTOPOTO HOJIKHEL MMeTh QopMy,
MHBAPUAHTHYIO II0 OTHOWIEHWI0 K mpeoOpasosammaM (19).

CuenwanbHEIH OPWHIUI OTHOCHTEIBHOCTH MaJ LEJNHIH pAf
clefCTBUIl, HMHTEPIPETANAs KOTOPHX B (HU3NIECKOM MHpE
mOfiBEpPIIach OKCIEPHMEHTANBHON NpPOBepKe u GiecTsame
BEIIep/Kajia 9TO WCIHHITAHHE.

B cBsaA3E co coemuaJbHEIM NPHHIAIIOM OTHOCHTEIHHOCTH,
OTBEPTaBIIEM BCAKYI BOZMOKHOCTDH IyTeM QE3UIECKOTO DKC-
OepHMeHTa OIIPeeuTh W3IHYTPH JABWKEHHE HIPOCTPAHCTBA,
IBHKYIMErocs HPAMOJUHEHAHO W PABHOMEDPHO, MOTJIA BO3HUK-
HYTh, I y OUHIITeHA NeACTBUTEIHHO BOSHUKJIA, MEICJE O He-
BOBMOKHOCTH ONPELEJINTh W3HYTPH CHCTEMH €e [BKEeHHA.
IMomomum, aT0 cucreMa A OBUIKETCSA 10 OTHOMIEHWIO K CHCTe-
Me B. Ecaun A Oyger gBUTaThCsA HEPABHOMEPHO M HPAMOJIH-
HeiffHO, a 110 KPHBOMY OYTH WJIH BOOOIE ¢ yCKOpeHHeM, TO
B cucreMe A OyAyT IPOMCXOAWTH SBIEHWSA, KOTOPHX He 0y-
JeT NMPOUCXOJAUTHh B cucreMe B; Hampumep, YCKODPEHHEIHd
B IIePBHIA MOMEHT HOJBeM Iu(Ta IPEeKPacCHO OMYIIaeTcHd de-
JI0BeKOM; HaONIONEeHUs Haf KAadalomuMcsd MaATHUKOM (OIET
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(Gyxo u ITanTeone) morassiBaeT BpameHue 3eMJH, BCe TOUKH
KOTOpOil, OMHACHBAsA KPYroBHIE TPAEKTOPWH, JBWKYTCH, KO-
HEYHO, C YCKOpeHHeM (IIeHTPOCTPeMUTENbHEIM). JlomycTuM,
9T0, DKCOEPUMEHTHPYS, MBI HAILIN PAJ ABJICHAHA B CHCTEME
A, coBepuianImuUXcs TakKuM o6pasoM, Kak Oyaro OB cumcreMa
A pBuranachk GHl ¢ YCKOpPeHHWEM IO OTHOLIGHMIO K chcreme B;
MOKeM JIH MB 0TCIOIa 3aKII0YHUTh, 9TO cucTeMa A ABH:KeTCH,
0 OTHOIIeHHIO K cmcTeMe B, a He Haobopor? IMmeer iau
BooOme Kakro#-umOymh CMBICH 3TO0 yTBep:xmenme? Kciam B
cucreMe A BO3SHHKHYT, BCIENCTBHUE IIPENIIONAraeMoro ee [BH-
MeHUA, CHUILL, JedcTByiomue Ha Teia, B A Haxojsamumecs,
KaKOBHIX CHI B cucTeMe B He 0ymer, T0 Mb, KOHEIHO, MOKEM
3aRJII0YATH, 9T0 A IBHIKETCA ¢ YCKOPEHWUEM OTHOCHTEIBHO
B; mo Mo:xeM u, Hao00pOT, IMPHU3HATH, ITO CHJIHI, [AEACTBYIO-
mue B cucreMe A, MMeOT MecTO BCIONY; OHH [AeHCTBOBAIM OB
B cucteme B, eciau Obl ToAbKo B He nBuranoch OB, OTHOCH-
TeJALHO A, YCKOPEHHO, HO YCKOpPEHHOe [Bm;keHue B yHHITO-
JKAT BCIOAY felicTBywomue cuibl. UTo0H eme sAcHee mpencTa-
BUTL cele male 3aTpyJHeHue, BooOpasmM, 4T0 Mbl, 00Jgagas
npexpacHsIMU TpmOopaMm, saMeTwmauw Obl Ha 3eMjie Tak Ha-
3HIBAEMYI0 OTKJIOHAIOMYIO CHJIY BPAmEHHS 3eMJIH, WJIH CHUIY
Hopuonuca, meiicTByomyo Ha Bce, HaXOAAIMUECs B [BHMKE-
HEH OKOJIO 3€MHOM IOBePXHOCTH Teja. Kciau Op 3eMis Bce-
ria OBIJIa MOKPHTA cJoeM 006JaKoB, He HPONYCKAIMUX CBETa
spesn, miamer, Jlymm m Comamma, To Mo;KHO Oe3zommbouHO
yTBep:KIaTh, 4TO caMasi MHICJb — IpHUImcars cmiay HKopuo-
amca 3QdeKTy BpameHHsA 3eMim, Kas3ajoch Obl W HEJeNmoi,
u Gecolie3Holi; »Ta KOPHOJIHCOBA CHia Obiia GBI CBOMCTBOM
OBIKYIMAXCS MarepUaJbHBIX TeJ, TAKAM 3Ke CBOMCTBOM, Ka-
KOM MBI Ip@3HAEM CBOMCTBO BCEMUPHOTO TAToTeHus. B cue-
TeMax, Te oTcyrcrBoBajiia Obl cmia Hopmosmca, Mbl 00bsic-
HUIn OBl 9TO OTCYTCTBHE KaK Pa3 COOTBETCTBYIOMUM [BHIKE-
HEEM 3TO CHCTeMBLI, OTHOCHTEJIHHO HAallel, He BHIAMNEN He-
GecHoro cBera, 3emum. V3io:KeHHOE MOKa3bIBaeT, 9TO MBI HE
TOJIBKO HE MOKeM, CHJs BHYTPH CHCTEMEl, YCTAHOBUTH €e PaB-
HOMEDPHOe U NPSAMOJMHEHHOe JBU/KeHHE, HO He MOKEM H pe-
MWUTh: U3 ABYX CHUCTEM, ABIKYIMUXCA VCKOPEHHO APYT OTHO-
CUTENBHO [PyTa, KOTOPAsA ABUIKETCH M KOTOpas CTOUT HEHOJ-
BuxHO. HeBosMokHO pemmurh, KTo mpaB — llTomomedr mim
Homepuur; HeBO3MOKHO, €CJIH, KOHEYHO, He OpuOerarsp K
Pa3 HaBcerIa OCTABJICHHHIM B HACTOAMEH craThe HPUHIAIAM
menecoo6pa3HOCTH, PKOHOMHM MbnieHma u T. n. OgEo us
OCTPOYMHEHINUX JOKA3aTelbCTB HPABUIABHOCTH KONEPHHKO-
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BOH CHCTeMH OpuBeieHO B CJHeAyIomeM CTHXOTBOPEHHH Jlo-
MOHOCOBA!

O nBmwreHAn 3emun

(9nuspamma Ha npomusrukos cucmems Koneprura)

Ciayumiuch BMecTe f[Ba ACTpOHOMAa B HHEDPY

M coopmiu BechMa MEKAY co0Oil B 3Kapy.

Opme TBepguT: «3eMis, BepTAck, Kpyr Coanma XOopmuTy;
Ilpyroit, aro Coxmue Bce ¢ co0off mmameTH BOAUT.
Omna Komepmuk 61, ppyroit camur IlTomomeii.
Tyr moBap CHODP DpemIMJ YCMEIOKOI CBOeH.
Xosaun cupamuBai: «THl 3Be3] TeUeHbhE 3HAEIIH?
CKasKM, KaK THL O CEM COMHEHBE pacCYKIAeidb?»
Om gaa taxoil orBer: «UTo B TOM HomepHuk mpas,
f1 mpaBny moraky, Ha ComHine He OHIBaB.

Kro Bupmea mpocTaka W3 IOBapOB TAaKOBa,
Koropriit 6Gbl BepTea O0Yar KpPYroOM jKapKoBa?»

IlpmaEmun nexecoo0pasHOCTH ACHO HPOTIANHIBAGT B BTHX
OCTPOYMHHX CIOBaXx.

Urar, saxkomb (U3WIECKOT0 MHEpPA FOJIKHEL OHTH WHBA-
PHAHTH IO OTHOIIEHWI0 K Ipeo0pasoBaHWIO KOOPAWHAT, OT-
BeYamux M000MYy [BWKEHHIO; OTCIOfla JHIIb OJUH Iar 0
IocTyJIaTa MHBAPHAHTHOCTH. JTOT HIal MOKeT OBITH CHelNaH,
KaK BHIIe MH BHUJEJHM, OOMOINbI0 BHUMATEJIHLHOI'0 PAaCCMOT-
perus unew usmueckoro Bpemenu. Taxum o6pasoM, mcTopH-
gecKuit 6ojiee MIMHHHIN OYyTh OpHUBeJ HAC TaK:Ke K YeTHPex-
MepHOMY (H3MYECKOMY MHEPY ¥ K IIOCTYJaTy HHBAapPHAaHTHO-
CTH.

4. Quasuueckoe npocmparcmeo u Pusuueckoe epems 00wve-
JuHuauce 6 gusuueckuli mup, unmepnpemupyrwul zeomem-
puueckoe nPoCmMParcmeo uemuper uameperull. 3akonv pusu-
weck020 MUpa cymdv cobcmeenHvie eco ceolicmea U NOOYUHEHb
nocmyaamy uHeapuarmmuocmy. BpeMa HuueM He oTimYaercs
OT ApYTEX KOOpAZHAT.

IIpaBuabHO nE 5TO HoclenHee sakiaioueHme? Bolee BHE-
MaTelbHOE PacCMOTpeHHe BOIPOCA IIOKa’KeT, U4TO IOCJIeNHee
3aKII0YEHNe HeNh3A NPU3HATH BIOJHE OPABUJIBHHM M UTO Ha
[OCTyJIaT MHBApPMAaHTHOCTH, PAaBHO KaK W Ha cmoco0Bl apmg-
MeTH3anud (QU3HIECKOTO MEpa, MOKHH OBITH HAJOKEHE!
W3BECTHHIE OTPAHWYEHWS, BO3BpAamalomue BPeMEHU ero mc-
RJIOYATeNHHOE TosioKeHue. 1 He Mory moxpobGHO OcTaHAaB-
JIEBATHCS HA DTOM [IETAJIHHOM BOIpOCEe, CPaBHHUTEJIHHO MAJjo
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paspaboTaHHOM B yYeHHH 00 OTHOCHTEIBHOCTH. 3aMeIy TOJb-
KO, 9TO MOBOJIOM K BO3BPAMEHWIO BPEMEHH €r0 WCKJIOTHTEN] b-
HOTO 3HAYCHUA CIYHKUT NPUHYUR RPUNUHHOCMU, COTIACHO
OfHOMY U3 TpPe0OBaHHN KOTOPOTO HeNb3sd, M3MeHAA apudme-
ra3amui0 QU3MIECKOT0 MEpa, CHeJaTh TaK, 4TOOB IpWIMHA
¥ cJeCTBHe NMOMEHAJINCH OBl MecTaMu. JTOT mpwrnEn (Hop-
MYJIHPOBAHHKIN, KOHEYHO, SICHO W CTPOTO, a He TaK, KaK 9TO
ceifgac C/eJaHO) [OJSKEH HAJIOKUTH K3BECTHEIE OTpaHUYIe-
HOAS:

1) Ha cmoco0sl apudMeTmzanuy PuUsAIECKOTO MHUpPA, IPH
KOTOPHIX MMEeT MeCTO MOCTYJaT MHBAPWAHTHOCTH; apuMeTn-
3UpPOBATh MOJKHO, KOHEYHO, KaK YTOAHO, HO He [ BCAKOH
apudMeTH3aOUU [OCTYJIAT KHBAPUAHTHOCTH OyIeT HMeTh
MecTo;

2) Ha CBOHCTBA TeOMETPUYECKOTO UETHIPEXMEPHOTO MpOo-
CTPAHCTBA, HMHTEPIpETarueil KOTOPOro CIYKHUT (QU3MICCKHUI
Mmup;

3) Ha BHOOp TOil W3 KOOpAWHAT WBAIECKOTO MUPA, KOTO-
poit Gymer mpmnmmcaHa (CBf3aHHAS ¢ IPHHIANOM NPHIMHHO-
CTH) POJb BPEMEHH.

He ocramaBauBasich Gosiee Ha Bce e, IO-BHAUMOMY, CO-
XPaHAIMAXCA 0CO0EHHOCTAX BpeMeHH K BHACHUB C J0CTATOU-
HOH TOpOGHOCTHIO MOHATHE U3AIECKOT0 IPOCTPAHCTBA, Bpe-
MeHW, [BWKEHHA W MHpPA, IepeineM K TIeOMEeTPUIeCKOI,
eCJM MOKHO TaK BEIPABUTHCH, WX HHTEPIOPETAllWH.

§ 9. 1. PaccmarpmBaeMoe ¢ COBEpPUIEHHO
Mup a0CTPAKTHON TOYKHU _BDEHIUA 6pens eCTh
COBOKYIHOCTH BeIeil, Ha3IBaeMBIX MO~

MeHmamy W CTOSIMUX MEMAYy co0oi u

K OpOCTPAHCTBY (TPEXMEPHOMY) B ONpEEJeHHHX OTHO-
LIEHAAX, MOTYmMUX OBITH YCTAHOBJEGHHHIMH OCOOHIME KIIHe-
MaTHYeCKHME aKCHOMaMW M CJIeJCTBHSAMH m3 HEX. PaccMmar-
puBaeMoe caMo mo cebe BpeMsa oOpasyer TO, 9TO MOMKHO OHI-
70 OB Has3BaTh (IIPOCTPAHCTBOM» OJHOTO H3MEPEHHA, pac-
CMaTpPHBAEMOe B CBA3K C TPOXMEDPHHIM IPOCTPAHCTBOM BpEMs
o6pasyeT IpPOCTPAHCTBO YeTHpeX wuaMepenuii. Bpemsa (a6-
CTPAaKTHOE) MO;KeT OHTH apuMeTH3WPOBAHO COBEPIIEHHO
IIPOMBBOJBLHEIM 00paszoM; BCAKOMY MoMeHTY OyieT Bcerga
oTBeuaTh ompejeinenHoe gucixo {. Ilepexoxm or ogmoir apud-
MeTH3aOUH BPEMeHM, pPaccMarpmBaeMoro camo mo cebe, K

Ipyroii BHpasuTCs 3aMeHOH umcaa £ Ha I = f (4). A6crpax-
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THOE BpeMsd, KaK (OpPOCTPAHCTBOY» ONHOTO HM3MepeHHusa, Oy-
JeT HMeTh CBOK METPHUKY; YCJIOBEMCS OECKOHEYHO Malloe
«paccTosHUe» NBYX MOMEHTOB HA3hBATh OECKOHETHO MaJIbIM
IPOMEKYTKOM BpeMenn #W 0603Ha4aTh dT; ecim mpd apud-
MeTH3anid BPEMEHW YKAa3aHHEM MOMEHTaM OTBedaloT 4ucJia
tut-+ At, to dv = Tdt, rne T saBumcur or {; camMmo coboi
pasyMmeercs, 9TO IPOMEKYTOK BpeMeHHm dT HE 3aBHCHT OT
cmocoba apmpMermsanuum BpeMenu. Ecim, omHaro, paccMmar-
puBaTh a0CTpaKTHOE BpeMsi He caMo 1o ceGe, a B CBS3H C
TPEXMEPHHIM IIPOCTPAHCTBOM, TO MPOCTPAHCTBO-BpeMs MOKeT
OHTH, ONATH-TAKM INPOM3BOJLHKM 00pasoM apu@MeTH3UPO-
BaHO C IIOMOIIBI0 YETBEPOK YHWCeJ; TOrJa OIpereIeHHON
TOYKEe TPeXMEepPHOTO IPOCTPAHCTBA M OIPEIeIeHHOMY MOMEH-
Ty aGCTPaKTHOro BpeMeHu OyjeT oTBedaTh OfHA, WM TOJIBKO
OfHA, WeTBepKA 9HCeN: X1, T2, &3, Zy. llepexop or OmHOTO
cmoco0a apuMeTHsaUHUd K [APYLoMYy BHIPAasuIcsa B3aMEHON
OIHOW 9YeTBEPKH 9YUceNx Zi, L2, L3, Ly APYTOHX UeTBEPKOH: Z1,
To, T3, T4, TAK KaK OHA YeTBepPKa BIOJNHE ONpefielisseT APY-
Tyio @ o0paTHO, TO MH OyHeM HMeTh ciegyiomue (HOpMyIIs!
mnepexona:

Ty = [1(%1, Xa, T3, T4),
Ty = f5 (T1, Za, X3, x4),
%3 = f3 (xh x21 x37 x4)1

7‘["4 = f4 (xly X, X3, xll)'

(20)

YersipexMepHOE IPOCTPAHCTBO, O KOTOPOM MBI TOJBKO YTO
ropopuinm 1 (mpPOCTPAHCTBO-BpEMsi), YCJIOBHMCS HasHBaTh
200MEMPUHECKULM MUDPOM HUIHE TPOCTO MUPOM.

OnpeniesieHHON TOYKE MHEpPA, KOTOPYI0 MEI OymeM HA3bH-
BaTh WHOIT[A AéAeHUeMm, OTBeIaeT OHA OIpejeleHHAS TOTKA
NpOCTPAHCTBA M OfWH ONpeNeJeHHE MoMeHT BpeMeHH. Bce
CKa3aHHOE B IpeNHAymeil riaBe Mo;keT OHTH MEPEHECEHO HA
9OTHIPEXMEPHOE IPOCTPAHCTBO, W, TaKUM 00pasoM, MOJKET
OHITH YCTAHOBJIGHA TEOMETPHS 9TOT0 UYETHPEXMEPHOTO IIPo-
cTpaHCTBa, WHAUE TOBOPA, 2eomempus mupa. HecoberBeHnsIe
cBoificrBa Mupa OymyT s3aBucers 0T ciocoba ero apudmermaa-
nuu, coGCTBEHHBIE CBOMCTBA Mupa (HampuMep, BeJIMIHHE pac-
CTOAHMUA JBYX TOYEK, BEKTOPHANbHAS U METPWYECKAs KPHBH-
3Ha) He OYAYT 3aBHCeTh OT cmocoba apmpMeTH3amWy MEpa X

1 B oramume OT pa3o0paHHOrO BHINE MHpPa (U3MYECKOrO.
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OynayT, ClleoBaTelIbHO, BHpasKeHH B (opMe uHeapuarmHoll
(B yCTaHOBJIGHHOM BEHIMIE CMEICJIE BTOTO CJI0BA) OTHOCHTEILHO
npeoOpa3oBaHdii KOOpPAHHAT, yKasaHHHEX (opmyrnamu (20).
YcuoBuMcsT Ha3HIBATh UHMEPEAAOM PACCTOSHUA [BYX TOUEK
(aBIeHmil) HaIETO MUpPA; paccTosHNe ABYX OecKoHETHO GiIm3-
KX TOYeK HAmero Mwpa Oymer 6eckoHeuHo Maablm UHMEPEa-
A0M; MeTPUKa MUpa (a 3HAYAT U ONpefesieHme OeCKOHEUHO
MaJIoTO WHTepBajka) OyAeT B3aBUCETh OT [eCATH BeJWYWH,
cocraBiaAmMuXx (QYHIAMEHTAJAbHHM METPHYECKHA TEeH30p.
[MapannensHoe mepeMemenne B HAOIEM MUpPE MOKET 3aBHCETH,
OOMHAMO 93THX [eCATH BeJIWIWH, eme OT deTHpPeX BeJIWduH
Macmrabuoro Bexropa. Ciefyer 3aMeTHTh, YTO C TEPMEHOM
(MHTEPBAJ» ITOKa He [OJJKHO CBS3BIBATH HUWKAKOTO KOH-
KPEeTHOTO COJlep/KaHuA.

2. BriGepeMm, moKa COBepIIeHHO NPOM3BOJLHO, OXHY U3
KOOPAWHAT MUPA 33 @PEMEHKYI0 KoopJuHamy; yCIOBEMCS TaK
HYMepOBaTh KOOPAHHATHI, 9TO0El OpaTh 3a BPEMEHHYI0 KOOP-
numHATY Beerma Zy. OcTadbHble KOOPAHHATHL L1, Ly, X3 YC-
JOBEMCSI HA3HIBATH NPOCMPAHCMEEHHBIMU K0OPOUHAMAMU.
B mamem Mupe MBI pasimuaeM, KaK W B TPEXMeDPHOM IIPOCT-
pamcTBE, Ba TEOMETPHIECKUX MecTa TOUEK; OFNHO M3 TaKHX
TeoMeTpmYecKuX MecT GyIer COCTOATH W3 TOYEK, YHO0BJIETBO-
PAOMUX COOTHOIIEHUIO

f (xly Zg, Tg, x‘l) = 0;

HA30BeM 3TO TEOMETPHYEeCKoe MecTO (aHAJIOTHIHOE MOBEpX-
HOCTH HAIIEro MPOCTPAHCTBA) 2UREPROBePTHOCIIbIO MUDA.
He TpynmO KOHEYHO, 3aMETHTH, YTO T'HIEPIOBEPXHOCTH MUDPa
oymer obiamaTh CBOWCTBOM HPOCTPAHCTBA TPEX M3MEpPeHHH,
OHAKO TEePMHH TPOCTPAHCTBA MBI COXPAHWM [JIsi APYTUX
HanoOHOCTEeH 1 He OyIeM MPHUIaraTh ero K THOePIOBePXHOCTH
BooOme. /I3 rumepmoBepXHOCTEH OCOOHI WHTEPEC MOKeT
IpefcTaBUTh [JIA HAC THIEPIIOBEPXHOCTH, yPaBHEHHWE KOTO-
poii mMeer BHMA I, = Iy, U KOTOpPOe HoJdydaeTcd, HoJarad
BPeMEHHY0 KOODIMHATY IOCTOSHHOII; 3Ta THIIEPIOBEPXHOCTH
OymeT reoMerpuYecKHM MeCTOM ABJIeHHI MHpa, OTBeYaloImMUX
OIIpe/IeICHHOMY 3HAUEHHWI0 BPeMeHHOH KOODAMHATH; TOYKH
9TOH THIePIOBEPXHOCTH OYIyT MMeTh HPOM3BOJBHEE IPOCT-
PAHCTBEHHBIE KOODAMHATHI, ¥ MBI YCJHOBEMCA HA3HBATEH BTy
THIePIOBEPXHOCTD NPOCMPAHCME0M, OTBEJAlOMUM JaHHOMY
MOMEHTY Zzy. JLPYTOe TeOMeTpHIecKOe MeCTO TO4eK HAIIeTo
mmpa OyfeT aHAJOTHYHO KPHBOH Hamero IpoCTPaHCTBA H
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OymeT HasHBATBCA MUPosoll Kpueoli. Muposasa KpmBasa Gyger
TeOMeTPHYECKAM MeCTOM TOYeK, OIpefesifAeMbIX pPaBeHCTBA-
Mz

Ty = Q1 (U), Tp = @y (u), T3 = @3 (u), Ty = Qg (u),

rfe u — NPOM3BOJLHBIN ITapaMeTp; NCKJIIAA MapaMeTp U u3
YKa3aHHBIX 9eTHpeX YypaBHEHHUI, IOJYYUM TPH COOTHOMIEHMS
MeKAy KOODAWHATaMM X1, T2, %3, L, Mupa. llpocreimeit
MEDOBOI KPHBOH ABJAETCA KPHUBAasg, B KOTOPOil yHOMAHYTHE
TPH COOTHONIEHHA CBOJATCA K NPHPABHABAHWIO TIPOCTPAaH-
CTBEHHHIX KOOPAHWHAT NMOCTOSTHHLHIM BeJIHIMHAM

Ty = 19, Tg = Zg9, T3 = T3,

BpeMeHHas KOOpAWHATA HAa TAKO#l KPWBOW IPOUW3BOJbHA, pas-
JAIHEIM TOYKAM BTON KpmBoii OyAyT OTBEYATh pa3iHIHELIE
3HAYEHUs BpeMeHHOGI KOOPAMHATHI; TAKYI0 MHDPOBYIO KPUBYIO
HA30BeM 6@pemeHenm, omeevwawwyum Oannol moure (i, Z20,
30) npocmparcmea. MupoBEe KpHBHIE HEIATCA €CTECTBEHHO
Ha JBa KJacca. Te MEApOBBIe KpPWBEE, ¥ KOTOPHX BpPeMeHHAs
KOOpJIMHATA IOCTOAHHA Ty = Z4) (HE 3aBUCHT OT mapaMerTpa u),
HA3HBAIOTCA NPOCMPAHCMEEHHBIMY AUHUAMU UAU MPaek-
mopuant,. llpocTpaHCTBeHHAs JIMHMA IEJIUKOM JIGKHUT B
TIPOCTPAHCTBE, OTBEYAIOMEM HEKOTOPOMY MOMEHTY (MMEHHO Ha
TUIEePIOBePXHOCTA Ty = X49), U SBJISAETCA TAUMIHBIM 00pas-
IOM YIOMEHABIMIMXCA Y;Ke HAMH KPHBHIX B IIPOCTPAHCTBE
Tpex wmaMepenwmii. MupoBEle KpuBEE, HE IPUHAMJEKAIIHE
K TIPOCTPaHCTBEHHHIM JMHHUAM, 00pasyioT APYro# KIacC KpH-
BHX, B HAX BPEMEHHAS KOOpJAWHATA Iy 3ABUCHT OT IIapaMer-
pa u; 3HAYMT, U MOKET OHITH BHIPAKEHO B 3aBHCHMOCTH OT L,
W ypaBHEHWA MHPOBOM KpHBOH, IO HMCKINYEHHIO U, AaLYT
CJeYIOMMue COOTHOMEHHNA:

Ty = Py (Ta), Ts = Pa (Ty), T3 = V3 (T4),

COOTHONIEHAsA, KOTOPHle COBEpIIeHHO COBUajfaoT (ecim 3a-
MEHHAThL I, Ha !) C TeMW YpaBHEHHAMM, 9TO B NpeIBIAYIIEM
maparpade CIYKHIN IJIsA OUpefeeHAs MUPOBOW JIWUHUU B
¢usmueckoM Mmpe. MmpoBHe KpuBHE 5TOH BTOPOH KarTero-
pum OymeM HAasbIBATh @DEMEHHBLMU MUDPOSLIMU AUHUAMU TN
MPOCTO MUPOGHMU AUHUAMY; Oeudcenuem OyaeM HASHBATH
Bellb, BIOJIHE ONPEJEJIeHHYI0 MUDP080L aUHUel; TakUM 00-
pasoM, BHpasKeHHe «3afaHO ABIKeHWEe» Oy[aeT BIOJNHE JK-
BHBAJIGHTHO BHIPAKEHMWIO «3aJlaHA MUPOBas JIWHEMY.
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He TpymmEO BHmeTh, 9TO BCe HAMM ONpENENeHHS MOH00-
paHbl Tak, 4To0H O00BEKT, HA3HIBAEMEIl COOTBETCTEYIONUM
TEPMUHOM B (QHU3NIECKOM Mmpe, CHyKmEI OH WHTEpIpeTa-
nueil MOHATHS, 0003HAYEHHOTO ITMM K€ TEPMWHOM B Mupe
reoMerpudeckoM. Tak, mampuMep, ABW;KeHme B Mupe (unsu-
TeCKOM SBJIAETCA WHTEpIperanueil [BHKEHASA B MHpe Teo-
METpHIEeCKOM, MHPOBAasA JNUHHA B (QH3MIECKOM MHpe HHTep-
npeTHpyer MUpPOBYI JIMHAI0O MEpa TeoMeTpmieckoro. [eo-
MeTpHIecKoe IIPOCTPAHCTBO HE MMEET CaMOCTOATENBHOTO 3Ha-
9eHus, ABIAACH JULIb THHEPIOBEPXHOCTHI0 TeOMETPUIECKOTO
MEpa, 9TO BIIOJIHE COOTBETCTBYET OTCYTCTBHIO CAMOCTOSATENb-
HOT'0 CYMECTBOBAHUSA y (U3NIECKOTO MPOCTPAHCTBA, KOTOPOE
HEMBICTHMO 6e3 (m3uIecKOTO BpeMeHH.

3. Ilepeiinem Temepbr K BOIIPOCY O MeTPHKe MHUpa, HHade
ToBOpA, K Bompocy 00 ompeneienmn 0eCKOHETHO MAaloTO WH-
TepBajia, KOTOPHIH, B IEJNAX KPATKOCTH, 0003HAYMM dHepes
do; xBagpar GeCKOHEIHO MaJloTO HMHTEpPBala B3aBHCHT OT
KBafipaToB W IIPOM3BENEeHWH N0 ABa mpmpamerHuit dri, dre,
dzrs, dz,, a Tarkxe oT YHTAMEHTAIBHOTO0 METPHYECKOTO TeH-
30pa Mmpa. BuinmmeMm BolpajkeHme JIJIsi WHTepBala

(21) do® = gudﬂﬁ? + gndxg + gsadxg + 2ggsdxodrs -+
+ 2gyidaadry + 2g10dxidxs 4 2g14dardry + 2804d7odry +
+ 2gs4dxydx, 4 g44dxi.

Vixe m3 cmocofa HaumcaHHA TBajpaTa HHTEpBala BHIHO,
9T0 BpPEMEHHAA KOOpAWHATA BHjeleHa HaMu ocobo. He
TPYAHO BHJETH, 9TO B [ABYX JACTHHX CIydaAX HANl HHTEPBAJ
mpeBpamaerca WIM B HeITO, HANOMUHAIOMee pacCTOSHIe
ds, mnum ke B HEYTO, HANOMHUHAMIOMEE NTPOMEKYTOK MEXIY
nByMa MomeHtamMu dt. PaccMoTpmM GeCKOHEIHO MAaJIEI
mHTEpBAN dO1 JIBYX ABJEHWI, UMEIOWUX 00HY U mYy e Bpe-
MEHHYI0 KOODAMHATY, T. €. HaXOAAIMMUXCA B HEKOTOpOM (Of-
HOM M TOM jK€) IPOCTPAHCTBe, B BHINEYIOMAHYTOM CMEICJe,
sToro TtepMmmHa. [[ns sTHX sABIeHwit r, GyKeT NOCTOAHHO,
sHaunT dr, GymeT paBHO HYII0 m gopMyia mius do® mpeBpa-
tarca B Gopmyny (9) mas kBappara GeCKOHEYHO MaJoOTO pac-
crosmmsa  ds®: do? = ds* mim doi = ds (ubo 3HAKOM MH
BCEr[a MOM{eM COOTBETCTBEHHO pacmopsanThes). Tak Kak MH
paccMaTpmBaeM NPOCTPAHCTBO JHIIb KAK THIEPIOBEPXHOCTH
Mupa, TO MOKEM YCJIOBHUTECA METPHKY IPOCTPAHCTBA OIpe-
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NenATh TeM ds = do;, KOTOpHIA molydaercs m3 do, mojaras
dz, =0.

PaccmorpnM Temeph OGeCKOHEYHO MaJHil WHTEpBal do,
ABYX ABIEHWI, HMEIIWX ONWHAKOBHE IPOCTPAHCTBEHHEIE
KOODAWHATHL, T. ©. TAKAX, KOTOpHe PAasHATCA APYT OT Apyra
Wb BPEeMEeHHON KOOPAMHATO! m B KOTOPHIX, CJe0BaTelbHO,
dr1 = dre2 = drs = (; mHTepBa] TAaKWX [BYX ABJEHUH OI-
penensierca Qopmymoit do: = g.dri; TAaK Kak MB paccMa-
TPpUBaeM BpeMs JHIIb KAaK HEKOTOPYI0 MHDPOBYIO JWHHIO,
TO MOMEM YCJIOBHUTHCS METPUKY BpPEMEHH OIPEREIATH TeM
OPOMEKYTKOM dT, KBaJpaT KOTOPOTO IOJYydaercs, mojaras
B do?, dr1 = dr2 = dxs = 0 u nepemenas 8 nNoAYHUeHHOM 6bl-
PajeHuu 3Hax; MHAYe TOBOPA, MJIA dT° MOJyIdM PaBEHCTBO
dv? = do? = —gudzl, dv =V —gudz,. CpaBmmBas oTy
dopmyny c¢ BepasxenmeM (14) maa dt B § O, maiimeMm, d9ro
T (21, z2, 3, 7g) = V—g44, npudeM B dopmyie (14) same-
HeHO [ Ha 4.

W3 crasanHOTO BHIHO, 9TO METpWKA MHpa OIpenesser
caMa co0ofi M METPHKY NpOCTPAHCTBA [JA J06Or0 MOMEHTa
BPEMEHHA W METPHKY BpeMEHH NJisA JI000H TOYKEM MPOCTpaH-
cTBa. MeTpmKa Mupa He sIBJIAETCS BIIOJIHE IPOM3BOJBHOM; MEI
TpebyeM, UTOOB PACCTOAHHS B HPOCTPAHCTBE BHPAKAIACH
BEMIECTBEHHLIME (He MHHMBIMH) 9UCJIaMHd, TOYHO TaK jKe Be-
IMECTBEHHBIM YWCJIOM [OJKEH BHPa/KaThCSA IIPOMEKYTOK
BPEMeHH; 3T0 TpeGOBaHWE MOKeT OBITH BHIPAKEHO B CJIENY-
I0IEM ROCIMYAame 6eu,ecmeeHHocmy, TPOCTPAHCTBA W Bpe-
MeHm 1.

Mempura mupa doaxcra 6umbv marosa, ¥mobe 1) unmep-
ean Gvia ObL geuyecmeer 60 6cex MOUKAT MUpPa U 0ai écex
asaenuil, umerowux obwylo epemennyio koopodurnamy (readpam
UHmMepPeasa npu IMUL Ycao8uaxr Ooaxcer Ovimb NOAOHCUMesb
HuM), U 4mobw 2) unmepeas Ovia Obl “UCTO MHUMBLM 60 6Cex
MoYKax Mupa u 04 écex AgieHull, umelWUr o0wue npocm-
parcmeenHue kKoopOunamu, (kKeadpam UHMEPALL & IMUL
yeaosuax doadxcern Ovimb OMPUYAMELbHbIM).

Ilocrysar BemecTBeHHOCTH IIPOCTPAHCTBA W BpPEMEHH
AMeeT Ype3BHYANHO CHIbHOE BINSHME HA METPHKY Mupa;

1 TTocTynaT MHOI HECKOJLKO ympomieH, Halbl cpenaTh ero Gojee
HaIJIANHEEIM, Ha CaMOM [ieie ero CJef0Bajo OBl JOIOJHUTH TeMH YCJIO-
BHAMH, KOM BHITEKAIOT 113 UPUMEHCHNA TAaK HA3HBACMOTO «3aKOHA MHEP-
wun» K popme mis do?. Cm., manpumep: Hilbert. Die Grundlagen
d. Physik, 2-te Mitteilung.
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C 9TEM IOCTYJaTOM OGamKaimmMm o0pa3oM CBA3aH IIPHHIAI
OPUYEHHOCTH. IJTOT ;K€ MOCTYNAT MO3BOJAET HANPAaBICHUS
MHUPOBHX KPHBHX DasieluTh HA [[Ba KIacCCa: nPOCMPAHCMEeH-
H0-no0o0OKbe W 6pema-nodobHbe HanpasseHus; TepBHE Xa-
PaKTepHU3yIOTCA TeM, 4TO BeJMImHA GECKOHeIHO MAaJoro dge-
THPEXMEPHOTO BEKTOpa, WX XapaKTepu3ylmero (CooTBer-
CTBYOImMWA WHTEPBAJ), MNONOMHTEJIbHA, TOTHA KaK A
BTOPHIX 9Ta BeJWYMHA OTPHIOATeNhbHA. BCAKaA NPOCTPAHCT-
BeHHAsd JWHWS ¥NMeeT NPOCTPAHCTBEHHO-MOM00HOe HaIpas-
Jlenue, BCAKAasg MUPOBasg KpWBas, HasBaHHAA HAMH BpeMe-
HeM, mMeeT, Hao0opoT, BpeMs-moqo0Hoe HampaBieHume. IIpo-
CTPAHCTBEHHO-IO/[00HEE HAUPABICHHsA OTJIUYAIOTCSH OT Bpe-
MA-IIOLOOHHX HANPaBIEHAH 0c000f THIepPmoBepPXHOCTHIO
(2eM-TO Bpope KOHYycCa); Ha 3TOH T'HIEPNOBePXHOCTH, HA3HBa-
eMoHl Hy.estim KOHYcoM, WHTEPBAJE €€ TOYEeK Bce 00pamarorcesa
B Hydb. Ilepexon depes HY/IeBo#l KOHYC COOTBETCTBYET Ie-
pexofly OT IPOCTpaHCTBA Ko BpeMeHu. He mmes BoaMomkHOCTH
OCTaHABIMBATHCA Ha pasbmpaeMHX Bompocax (ojee mOJ-
pobHO, OTMedy, YTO IOHATHE «YyTIJa», MMelOmee BIOJHE OI-
pefleleRHL CMHCT [IA [BYX IPOCTPAaHCTBEHHO-NONOGHEIX
WiId [NA ABYX BpeMA-IOH0o0HHIX HAUpaBJIEHW, MOJIKHO OHTH
BUOU3MEHEHO OpPH PAaCCMOTPEHHHM YIJa NPOCTPAHCTBEHHO-
mogo6HOTO W BpeMs-mofoOHOro HampasierdA. CioBoM, HY-
NMeBoil KoHyC o0pasyeT B MEpe Kak OH TpPaHWIY, OTHEIAN-
mMyI0 OfHY 9acTh 3TOr0 MHpa OT APYToli, MMeIOme: CoBceM
ocoOnle cBoHcTBa 1.

IlocTynaT BemeCTBeHHOCTH HAJaTaeT M3BECTHHIE YCJIOBHSA
Ha apmpMeTH3anMI0 MHEpa: apupMermsammsa NOKHA OLITH
TaKoBa, YTOOHK B HOBOI KOOPAWHATHON CHCTEME TAKIKEe MOYKHO
GET0 6B BHIEJINTH HPOCTPAHCTBEHHYI0 M BPEMEHHYI0 KOOD-
OWHATH, TpEYeM U B HOBHIX KOODAMHATAX IOCTYJAT BEIIeCT-
BEeHHOCTH NOJKEH MMEThH MECTO; TaKyl apuMeTH3anuWio Ha-
30BeM U30paHHOL.

C moMOIBI0 IIOCTYJIATA BEMECTBEHHOCTH MOJKHO OBLIO OBHL
MOKas3aTh, 4TO [Ba ABIEHWs, JieKamue Ha MHPOBOW JmHWH,
OTHOCAIWECA K PAasHEIM MOMEHTaM BDeMeHHW, He MOTYT,
¢ MOMOI[bI0 M3MEHEHWA apuMeTHsalny, IPEBPATATHCA B SAB-
JeHWs OXHOBpPEMEHHHE, KOIb CKOPO apmMeTHaamus, HpH
¢BOeM H3MEHeHHH, He IepecTameT OHTh m30paHHOW; TaKHM
o6pasoM, fiBa fABJIEHASA, MOTYmme OHTH pacCMaTpHBAEMHMH,

1 HyieBoit komyc CBOSTO DOfa 0COOEHHOCTH B IPOCTPAHCTBE IJIA
MHOTO3RAYHEX QyHKIUA J ),
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KaK IPHYAHA M CJIeJCTBHe, HWKOIA HENb3s CeNaTh, IHOMO-
mMbl0 H3MEeHeHMA apHdMeTH3anuyM, OTHOBPEMEHHHIMH, HHAIE
rOBOPA, TAKHWe [Ba SBJIEHWS Bcerga OyayT HAXOAUTHECA !
APYT K OPYTYy B OTHOIIEHWA HPWYMHH K CJEICTBHIO.

4. Ham ocraercs mepeiitm Temeph K BOIPOCY O TOM, Ka-
KM 06pa3oM, HCCIeAYS DKCIEPUMEHTAIbHO GU3MIECKIH MHD,
MEL CMOTJIE OB YCTaHOBUTH METPHKY TOTO T'€OMETPHYECKOTO
MHpa, JJIA KOTOPOTo Haul (usWdecKWil MUp fABISAETCS WHTEp-
mperanueii. [Ipexnae Bcero maM Hy)xHO GHLIO OB YCIOBHTHCH,
KakmM o0pasoM (usmdecKmil MHDP WHTEPIPETHPYET MHUP Teo-
Merpugeckuii. 1loosuM, 4T0 MBI BHIIOJHEIN 5T0 TPpeGoBaHUe
I COCTABHJN CJIOBaph, MOMOMBI0 KOTOPOTO MOKHO BHIfC-
HATH, KaKOH 00BeKT (HW3WIECKOTO MHUpa WHTEPHPETHPYeT
oIlpefieIeHHOE MOHATHE (Bempb) Mupa reomerpmueckoro. Ciro-
Baphb 3TOT LEJNMKOM B3aBHCHT OT HANIET0 IIPOM3BOJIA; TAKAM
06pasoM, MBI MOKEM WHTEPIPETHPOBATh TEOMETPHIECKUI
MHp, TeM HJIA WHHIM CI0COOOM, NpW HOMOMmE Mupa (Qmamde-
croro. Ho monmoyxum, uTo HamMu BHOpam ompemeleHHHHA CIo-
c00 MHTepPIpETANHAN W YCIOBHMCA OJHUM W TEM ke TepPMH-
HOM 0003HAYaTh W HOHSATHE (BEIb) FeOMETPHIECKOTO MHpa,
W HHTePUPeTHPYMui ero 00beKT Mupa (U3HIECKOrO.

Pas aTo cuemano, To, m3MepsAsA WHTEPBAJH B (U3HIECKOM
MEpe, MH GyqeM mMeTh BO3MOMKHOCTH DKCIEPHMEHTAIBLHO HC-
cllef[oBaTh METPUKY MHpa reoMerpmueckoro (cM. § 3). laxee,
mapajiefbHO TepeMemas BEKTOP [0 COMKHYTOH JIHHAHA
B Mupe ¢uMSMIECKOM, MBI ONpEJeJIUM €Tr0 BEKTOPHAJBHYI0O I
MeTPHYeCKYI0 KPWBH3HH, a 3HAYHAT, YCTAHOBAM MACINTAGHELH
BEKTODP W CBOiCTBA MapaielbHOTO HmepeMeIeHns MUpa reo-
Merpudeckoro (cM. § 4). [lpwmouomanbro, TakmMm obpasoM,

1 Ciexgyer OoTMeTHTh, 9TO JI00bIe [Ba sABJeHHA A m B, mMenomume
pasHble BpeMeHHbIe KOOPIUHATH, PacCMaTPUBAITCA HaMH KaK MPUIAHA
¥ CJeCTBHe, MpuIeM A MOKHO pacCMaTpHUBaTh M KaK IPHYNHY M KaK
caencTBue B; ecaim A ecTh nmpuumEa B, T.e. ecam

z34 < Z4p
TO, 3aMeHAd
Z4 HA Tg4 = — 24,

KaKoBOe mpeoGpa30oBaHUe HaeT HAM OHATH-TAKH H30paHHAYI0 apudmerH-
3auI0, MBI OyIeM HMeTb, 4UTO Zyp >y T €. B OymeT mpUIMHOR A;
TakKUM 00pa3oM, M3MeHAsl 3HAK y BPeMeHH, MBI BCerjJja MOKeM H3Me-
HATH CJEeACTBHe Ha I[PHYAHY; eCcJd M[OCJIeN0BATeNBbHOCTh HPHYWHE-
CJIEJICTBHA MOMKHA OCTAThCA HEH3MeHHOi, TO, IOMHMO TOCTyJaTa Be-
MeCTBEHHOCTHA, HEOOXOOUMH Apyrue eme A00aBOYHEE OTPAHMYCHHS
CBOMCTBAa MHpAa W OPOW3BOJIA ero apupMeTH3AIUU.
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BOIPOC WM3YIEHHS TeOMETPHYECKOTO Mmpa, AaHHOH (ycioB-
JIeHHO}) WHTEepIpeTanmeil KOTOPOTO ABisgeTca Mup (usmde-
ckmit, pewen. OfHAKO cpasy ke BO3HHKAET BOIPOC: CMOKeM
¥ MBI, JIOAW, MPOW3BOAUTH YKa3aHHbIE DYKCIEPHMEHTHl HIW
JKe [JIA.HX NPOM3BOJCTBA HYKHO IIePECTAaTh OHITH JNIONBMHA U
crarh Goramm? OTBET HA BTOT BOIPOC MOKET OBITH aH yTe-
MUTENBHBA: YKa3aHHbE 9YKCIEPUMEHTH. MH IPOW3BOAUTH
MoxeM (He TIPAKTWMYeCKH, KOHEYHO, a IPHHINWINAIBHO).
B camom pene, Bpems, sBasAiomeecs QA HAC TIOMEXOX IPH H3Y-
9ennn (U3UIECKOTO IPOCTPAHCTBA, BpeMs, pasOmBiiee faske
camyio mpeo o6 OTHEeNBHO CYHmIECTBYIOMmEM (H3MmIeCKOM Ipo-
CTpPaHCTBE,— BTO jKe BpeMs Oy[eT CIYKATH HaM IpeKpac-
HEIM TOMOIMHMKOM TPH OIpEefeJeHMH WHTePBAJa, KyJAa pas-
HOCTH BXOJUT HapaBHE C NPOCTPAHCTBEHHHIMH pPAa3HOCTSIMM.

OnHaKo B W3MepPEHUM WHTEPBAJA MBI HPEMKIe BCETO CTOJI-
KHEMCA ¢ TeM 00CTOATEeNHCTBOM, 9TO HPOU3BOJBHO paciopd-
JKATHCS BpPEMEHEM MHI OyaeM He B COCTOSHHE, TaKuM oGpa-
30M, MBI MOX€M ODKCIIEPMMEHTAJIBHO OIPEJeNATH METPUKY
Mupa Wb AJA BecbMa OTPAaHWICHHOTO BPEMEHH.

Hanee, npmEmunuanbHas BO3MOMKHOCTH W3YYCHHA Teo-
MeTPUYECKOTO MHpPa CTAJIKWBAETCA C CYMECTBEHHBIM Hefex-
TOM Hallell HYKCIEePAMEHTANHHON TeXHUKY, & IMEHHO ¢ 3aTPYJ-
HeHUAMHA NpPH H3MepPeHWH mHTepBasa. Ham HYyKHo, Tak mim
wHade, oboiiTw o6a yKasaHHbE 3aTPyJHEHHWS W HaliThm Te Be-
JIMYMHG, H3MEPATH KOTOpPHIE BO BCeM MHpe OBLIO OBl MOCTYII-
HO HAIIMM TeXHHAIECKHAM CPEJCTBAM H KOTOPHE B TO jKe BpeMms
Morjim OB yCTAaHOBHTH CBOWCTBA T'eOMETPUIECKOTO MHpa. ITH
BeIMYMHE Halljla TeHWalibHasf Mbicib Pumana, passuras
dnmamreitnom m Weyl’eM, MBICIABb O CBSA3YIOIMUX CHIaX, OI-
pelenAImAX CBOWCTBA MHpA; B NBIKEHAW W B CHJIIaX, BO3-
HUKAOMUX ¥ AefiCTBYIMUX BO BPeMA ABWKEHWS, HYMHO OBI-
JI0 MCKATh Te CII0COOHE!, MOMOIMBI0O KOTOPHIX MOMKHO OBHIIO GBI
ompefeNuTh TeoMeTpuio Mmmpa. Paszbopy aTOro Bompoca s
MOCBAMY CIeNYIONYI0 TIaBy.



Frmasa 8

TANOTEHHE W MATEPHA

L's muss also entweder das dem Raume
zugrunde liegende Wirkliche eine discrete
Mannigfaltigkeit bilden, oder der Grund der
Massverhdltnisse ausserhalb, in darauf wir-
kenden bindenden Kriften gesucht worden.

Riemann., «Ueber die Hypotesen, welche
der Geometrie zugrunde liegen»!.

§ 8. 1. Usyuas pBuenme, mHAYEe TOBO-
Crapas P, paccMaTpUBas MUPOBHIE JIMHUHA, MEL
H HOBAJA pasfesdeM NBIGKEHHS Ha fBa KJaacca:
MEXaHARA K OJHOMY KJAcCy MEI OTHOCHM Ogujice-

HUe no uHepyuu, OTHOCHTEIBHO [ApPYTo-

T0 Kjlacca MHl TOBODHM, 4UTO JBUIKe-

HOHe B HeM npoucxodum nod Oelicm-
suem cua. [lenenne HABWKeHWH HAa OTH [BAa KJacca BIOJHE
IpoW3BOJbHO W B HaIledl Bojie; Ha CaMoM [eJjie, MH IIpo-
W3BOAUM YKasaHHOe [elieHWe, NOBHHYACH, KOHEYHO, NPHWH-
nuomaM meiecooGpasHoctu. llpomsBena »9To memeHEe, MbI
ycTamaBImBaeM, KakaM o0pasoM MoO;KeT OHTEH apmdpmern-
3MpOBAaHA CWJAa, OTBEJAIOMAS KaKoMy-Imbo W3 [BWIKEHWI
e mo mHepmuu. He TPymHO BHAETH, 4UTO fejeHHE HA YKa-
3aHHBIe [IBA KJacca COCTABJAET COep)KaHme 3aKOHA HHEp-
Iou®, mim mepBoro saxoHa IploToHa, Torga Kak ompefieleH-
HH# cmoco0 apudMeTH3ammy CHIH ABJIAETCA HE 9eM HHBIM,

1 Orciopa ciaemyer, YTO HJIH TO PeajbHOE, YTO CO3[aeT HJeI0 PO~
cTpaHcTBa, 00pasyeT JUCKPETHOe MHOT000pasue, WM jke HAJO0 MEITAThCA
00bSACHATh BO3HMKHOBEHHE METPHYCCKAX OTHONIEHMI 9eM-TO BHEIIHIM —
CUJIaMH CBsA3H, [eHCTBYIOMXME Ha 3TO peajbHo. P u M a H. «O rumo-
Te3ax, Je;KAEX B OcHOBaEMM Treomerpumy. (M3 ¢6. «O6 ocmosa-
AU TeoMeTpud...». M., 1956, ctp. 324.—ITpum. ped.)
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KAk BTOpDEIM 3akoHoM HpeloToma. ¥YciaoBmMcCA HasHBaTh
RPUHYUNOM UHepYUU YKa3aHHOe JeleHNe [BVKEHWH HA IBa
Kjacca W IOCMOTPHM, KaK BBOJMJCA B CTapoil MeXaHUKe
sTor mpmAnzn. 1o moBoAy mesennsa MBMKEHHN HA [JBA Kiacca
HEBOJBHO BCIIOMHHAETCS yUeHWE APHCTOTENS O «COBEPIIeHHBIX
JBIKEHHUAX» (KPYTOBHE [BIKEHUA CUHTAJNUCH COBEPUICHHEI-
mu); mpaB CosoMmomn, Bockammas: «Yro Geuio, To M Oymer, #
YTO [(eJAN0CH, TO W Gy[er JenaThcsi — M HET HAYETO HOBOTO
mox coxnneM...» (Exrkmesmacr).

IIpm ycranoBienmm B crapoil MexaHWKe UPHHEIUIA WHEP-
OEJ TPERIoNIaTajioch IPEKIe BCEeTo, 4TO MPOCTPAHCTBO Ha-
me SBJIAETCS MPOCTPAHCTBOM . SBKIMTOBEIM, a 3a (u3uye-
CKOe BpeMs NPWHHMAJioch BpeMs 3BesgHoe. l|Bmixenme mps-
MOJMHEHOe W paBHOMepHOe (IO OTHONMIEHHWIO K B3BE3HOMY)
OTHOCHJIOCH K TEPBOMY KIIacCy /[ABIKEHHH, K JBIYKEHHSIM
mo muepuuu. Bce ocTajpHbIE IBW;KEHHS HAa3HIBAJIACH JIBUKE-
HOAMEA IIOf[ MEWCTBHEM CHJIE, IpHdeM CHUJOM HA3HBAJIOCH
OIpe[ieJieHHOe HOHATHE, OTBEYAIOmEe KaKIOMY JBHIKEHUIO
MaTepHaIbHONX TOYKM W apUPMeTH3MpPOBABIIEECH ONMpe/esIeH-
HEM 00pasoM (HOJB3YACH YCKOPEHHEM).

IlocMoTpnM, Kak ¢ TMOMOIIBI0 HUeW O MHPOBHIX JWHWAX
MoskeT OHTH Bepasken mpumnun maepmumu Hreloroma. O6pa-
TEMCA, Pafii IPOCTOTH, CHOBA K [BYMEPHOMY IIPOCTPAHCTBY —
NIOCKOCTH, apHU(QMEeTH3WPOBAB €ro, IOMOMBI0 BBeIeHUA
MPAMOYTOJNBHEIX, HPAMOJHHEHHKHX KOOPAWHAT; TOTNA IpsA-
MoanmHeilHOe I paBHOMEPHOe ABWKeHMe BHIpasmrcs gopMmyiia-
Mo: 21 = ait 4 b, x2 = ast 4+ be, rne a1, a2, b1, b2 — mo-
CTOSAHHEE, a ¢ — 3Be3gHoe BpeMa. Ilepexoms K MEpy [ia
HAIIEro [BYMEPHOTO IPOCTPAHCTBA, T. €. IOJB3YACh TPeX-
MEPHHIM 5BHJHFOBEIM IPOCTPAHCTBOM, B KOTOPOM OCh i mep-
OeHAWKYJIApHA 0CAM z1, x2 (cM. pmc. 17), mafinem, 910 IBH-
JKEHMI0 10 HHEepOnH COOTBETCTBYeT MHPOBAsS JIWHAS B BHIE
mpAMOii; eciim MUpoBasg JHHHAA, OTBEYAIONAs NAHHOMY JBH-
JKeHMI0, He NPAMasi, TO [BUKEHHE TPOUCXOAuT (0 ompexele-
BHOIO) IO [eficTBHEM CHII.

YrazaHEHHHA HAMW BHIIIe HOCTYJAT BELIECTBEHHOCTH -
JlaeT HEBOBMOKHBIM CTOJb HATJIATHOE, AHAJOTHIHOE TOJBKO
910 IPHBEJEHHOMY, M300pajkeHMe MH@pA; HAM J[OCTATOYHO,
OJIHAKO, TOTO OOCTOATENBCTBA, UTO CTapasg MeXaHHmKa TpebyeT
0c00HX IeOMeTPHYECKHX CBOMCTB HANIEro M@pa; HE BXOHNA B
oGcysmeHne TOTO, Kakme 3TO CBOWCTBA, YCIOBEMCSH MHUpP C
STHMM TEOMeTPHYIECKMMH CBOMCTBAME HA3HBATH DBKIHMO-
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BEM !; NpEANUN WEEPOUE B CTapoil MeXaHWKe, IPH yKa3aH-
HOM COTJacOBaHHH, MOKHO Oymer ¢opMyInpoBaTh CIERYIO-
muM obpasom:

B sekaudosom gusuneckom mupe auwv me OsudceHus npo-
ucxodam no umepyll, MUpostle AUHUU KOMOPLIX CYMb npa-
mole aunuu. Bce ocmanvuwie dsudscenus 6ydym Osudceruami,
npoucrodawumy nod Oelicmsuem cud.

Crenyer mpHd 5TOM OTMETUTH, 9TO TEPMHUH I pAMAas JUHAAN
NOJKHO pasyMmeTh B YKa3aHHOM BHIIe cMbiciae (cM. § 4, rre
TOBOPUTCA O TapajlIelbHOM IepeMemeHWW); B caMoM pele,
MoOKHO Ge3 Tpy[aa [oKasaTh, UTO HTU (IPAMEle JAHHEWY B 3B-
KINN0BOM MHpE CYTh Kak pa3 OOBIYHBIE NPAMEIe, YPAaBHEHMS
KOTOPHX B IPAMOYTOJBHEIX, IPAMOJWHEHHEIX KOOPHUHATAX
6ymyT: 11 = a1t 4 by, x2 = ast 4 ba, x3 = ast -+ bs. llpma-
OUO HHePIUM CTApoii MeXaHWKW HajlaraeT Hamepefl H3BECT-
HEle OTpaHUYeHMs] HA (QuaniIecKmit Mup, tpebys, 4ro0b OH
OBl MHDPOM 9BKJIHJIOBEIM; OCBOOOKJEHHE OT DTOTO OTpPAHH-
YeHNWS M HABISETCA XapaKTEepHOU dYepTodl HOBOH MeXaHUKH
ditamreitna, Hilbert’a w Weyl'a.

2. B HOBOii MexaHUKe OpHHIUO HHEPHAH (OPMYIHPYeT-
€A TaK jKe, KAaK ¥ OPWANWD WHEPLUWH B cTapoil MexaHHKe,
HY)KHO TOJBKO O0TOpOCUTH TpeboBaHae (B CYIHOCTH, IPOH3-
BONBHOE) [ MuUpa OHTH 3BKIMMOBHIM; TakuM o0pasoM,
HOBasg MeXaHWKa YCTAHABAWBAET CIefYIOMUH NPHHIUI
nHepOUN:

Heuscenuanu no uHepyuu Hasweawomcs makue O08ulCeHUs,
MUPOSHIE AUHUL KOMOPLIX CYMb npamble Hawezo0 mupa. Bee
dpyeue Odeusicenus cymov Osuscenus nod Oelicmeuem cud.

Ocraerca Temeph B HOBOH MeXaHWKe, KaK W B CTapoi, yc-
TaHOBHUTHL apumpMeTHsamuio CWIH. K coxaieHmi0, M He MO-
;KeM BXOJAHTDH B JIOCTaTOYHBIE MOAPOGHOCTH IO TOMY BOIPO-
Cy, Tak Kak JeTalbHOEe Da3BATHE HOHATHA CWIEl B HOBOH
MexaHnKe TpeGyeT MOBONBHO OOJBIIOTO MAaTeMaTHIECKOTO
amnmapara. /[ns mamwx meiseil, ofHAKO, SBJISETCS COBEPINEH-
HO JOCTaTOYHHIM OTMETHTBH, YTO apuMeTHsaqusi CHIH 3aBH-
CHT OT BeJIMYMH ABYX COPTOB: IpeKae BceTo 3Ta apmdpmern-
3aIMsA 3aBACAT OT TeX 4mcesN (UX OyjeT deTsipe), KOTOPHE
XapaKTepH3yIOT CTeNeHb OTKJIOHEHWS MHUPOBOH JHHWH, OTBE-
garomell HameMy JABWIKEHUIO OT IPAMOM; STH YHCIA HA3HBA-
I0TCA YCKOPeHUem; QIS DBRIUNOBA MUpa dTH IHCIA CBEHYTCH

1 B 3TOM 3BKJIHOBOM MHUpe MH OymeM mMeTh ds? = dzf + dxg +
+ dz? — dz}, mpu coorsetcTBeHHO BHOpaHHONW apmpMeTHaanEHE MIpa,
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K 00hYHOMY HOHATHI0 06 yckopermn. Ho Tak Kak OfHO 1
TO JKe [[BIJKEHHe MOKeT OHITh COBEpPIIAeMO PA3IWIHBIMU Ma-
TepUAJTbHHIMA TOYKAMH, TO BTOPO# BeamuyuHOIl, BXopmAmed B
apuMeTH3anuI0 CHIH, ABIAETCA 9UCJIO0, OTIAMYANEe OXHY
MaTepHadbHYI0 TOYKY OT JIpyroii ™ HABEIBAEMOe Maccoli
mamepuasvroti mouku. C IOMOMBIO YUCIA, ABIAIIIETOCH
Maccoil MaTepHalbHO# TOYKH, 06pas3yioT HOHATHE MACCH MaTe-
pUANBHOI'O Tejia, IONB3YACH e HEKOTOPHIMH TeoMeTphue-
CKEMH cBoiicTBaMu Tena (oGbeMom), o0pasyioT IOHATHE
niorHocTH. (DH3WdecKoe NpPOCTPAHCTBO, BaNOJHEHHOE BCE
MaTepuaJdbHEIME TeJamu, 00JajjaeT B Ka:KIoW TOUKe CBOeH K
3a[aHHOMY MOMEHTY OIpeJleJIeHHOM MIAOTHOCTHIO; TAKAM 06pa-
30M, B (UBHIECKOM MHPE KaKHOH TOYKE COIOCTABJIAETCS
0cof0e 4MCI0 p — IJIOTHOCTH; OYEBHIHO, UTO [JiA PasHBIX
TOYEeK MHpa P MOKET OBITH pasHoe, IOBTOMY P ABJIAETCA QYHK-
Oueit KOOpAUHAT ToYeK Mmpa: p = 0 (11, T2, T3, Z,).

WN3yuasgs MupoBele NUHME MaTepHANbHHIX TOYeK B (m3uU-
9eCKOM Mupe, Ml MOTJIU OHl, 3HasA TeOMETpPHI0O MHpa, ompese-
InTh, KOTHA HAIDW MaTepUaJbHbIE TOIKW JBWKYTCA 10 WHEP-
OUM ¥ KOorga Ha HUX pAelicrByior cmibl. [[amee, pasbmpasich
B YKa3aHHBIX MUPOBHIX JMHHUSAX, MBI MOTJE Obl OMPEIENIHuTH
CILIH, JeficTBYIOmMue HA HAINA MaTepuadbabie Toukn. [Ipm arom
NerKo OBLIO GBI, MPOW3BeA [OCTATOYHOE UHCIO YKCIEPHMEH-
TOB, BEHIAACHUTDH, 9TO RaKM0Il TOYKE MUpA COOTBETCTBYET OFHA
¥ TONBKO OffHA cmia. TakuM obpasom, Mup aBmICA OB CBOe0O-
Pa3HEIM no.em cu.t; KOHEYHO, B IPOCTPAHCTBE, B OJHOH H
TOH 7Ke ero TOUKe, CHJIEL Obl MEHANNCH U HEIOCPEeICTBEHHO
B 3aBHCHMOCTH OT BPEeMeHH, W B B3aBHCHMOCTH OT BpeMeHH
B CHILy TOTO, YTO Uepe3 JaHHYI0 TOYKY IPOCTPAHCTBA B pasHOE
BpeMsa mpoxommau Ol pasmble MarepmaibHee ToukH. Ho
MOKHO YCTAHOBHUTH, 9TO B MHUpPE KOKEOH ero Todke (ABie-
H#io) Oyfier oTBeYaTh OfHA ¥ TOJBKO ONHA CHJIA: B ONHOU M
TOH ’Ke TOYKe IPOCTPAHCTBA HE MOKET OJHOBPEMEHHO OHITH
M OTCYTCTBOBATh KakKasg-itubo cumial. Ilma Toro, omgmako,
9T00K MIMETH BOSMOKHOCTH OLPENeNUTh YKa3aHHOE IOJe CHI
B MHUpe, HaM HYKHO OblI0 OB yCTaHOBHTH TeOMETPHIO MEDA,
a MBI BHJIENH, 9TO BTO CONPSKEHO ¢ BechbMa OOJBMNMHE TPYH-

1 Bo m3be;xamme He[lOpa3yMeHHIl CYHTAI0 HEOOXOOMMHIM 3aMETHTb,
YTO CHIY, HeifiCTBYOI[yI0 B [AaHHKM MOMEGHT M B [aHHOH TOUKe
MPOCTPAHCTBA, KOHEYHO, MOJKHO PAa3HeJNTh HA HECKOJBKO CHI CO-
CTABJIANNX; HO BCe OHH JAAyT OfHY M TOJBKO OHHY, OIpe[eclieHHYIO
4 JAHHAOTO MOMEHTa B JAaHHOH TOYKe, pPaBHOIEHCTBYIOILYIO
cany.
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HocTAME. HeB03MOIKHOCTD ceiluac DKCIIePUMEHTAJIbHO PeIlUuTh
BOIIPOC O TEOMETPUH MWpa 3acTaBjiserT HaM JejaTh Ha CdeT
9TOH TeOMeTpuH ompefeieHHbie rumoress. CTapas MeXaHHKa
cpasy jKe JejaeT Upe3BHUAUHO Y3KYI0 TUIOTE3y O TOM, 4TO
HaIl MUD ecTh dBKaAMA0B. CIenaB 9To BechMa CHIBHOE Orpa-
HUYeHMe, cTapasd MeXaHWKAa MHOTO BBIUTPala; ee 3aKOHB
npuobpenn HeoObBYAHHO MPOCTOH XapakTep, W 3TOH MPOCTO-
Te MHB 0053aHBl TPAHIWOBHBIM pPA3BUTHEM HAIIUX B3HAHUH,
gamell TexHwdeckoil KyuanTypei. HoBasi Mexaummra cHadasa
OpITaeTcA 000HTHCH 6e3 MOMOIHUTENBHEX TUIOTe3 O TeoMeT-
pudecKoM xapakTepe Hamero Mupa. OHa MoKeT 3TO CHenarh,
EO OymeT o0pedeHa TOra Ha yKallKoe I (ecIIONHOe CYIIeCTBO-
BaHHe B TeUeHWE MHOTUX BeKoB. UTOOH ¢TAaTh IJIOIOTBOPHOW,
HOBOH MeXaHWKe, 110 OTPAHMYEHHOCTH HANINX 9YKCIEPUMEH-
TaNBHBIX CPENCTB, TaK JKe KAK U MeXaHUKe CTapoil, HYKHEI
JOIOJHAUTENbHbIE TUIIOTe3l O TEeOMCTPHYECKOM XapakTepe
HaMero Mupa. JTU TUMOTE3H ¥ ObIIY CIeJAHBl cHAYAJMa JiiH-
mrefinoM (TumoTesa TATOTeHHs), a 3arTeM, B Gojee oOmeil
dopme, Weyl’em (rumoresa Mmartepum). Xapaxkrtep 9THX TH-
[0Te3 CUJIBHO OTIMIAETCA OT THIIOTE3Hl CTApOdl MeXaHuKH 06
OBRJIUMOBOM Mupe; riaBHOe OTJIHYHEe HOBBIX I'HIOTE3, KaK
3TO ¥ CJIENOBAJNO OMUIATh, CO00pasHO Mporpeccy HAYKH,
B uX Goxbmieil mupore u OOUIMPHOCTH; OHU He OIPCHEIAI0T
cpasy MeTpUKH Mupa, KaK dTO HelaeT cTapas MeXaHUKa, a
VKaBpBal0T JWIIb H3BECTHHIE CBOWCTBA 3TOW MeTPUMKHU, IIpe-
IOCTABJIASA OIBTY YCTAHOBUTH METPUKY OKOHYaTeskuo. lle-
peiieM Temepb K MBVICHUIO YKA3aHHHIX THIIOTE3.

§9. 1. IlocmoTpumM mpesme Bcero, 4T
Tarorenne crapas MeXaHWKAa U3BIEKaeT u3 cBoeii
rumoressl 06 DBRIAUIOBOM XapaKTepe

reomerpun Mumpa. PaccMorpum, ¢ Tod-

KM B3PeHMA CTapoil MeXaHWKH, [IBIKOHHA MaTepuaib-
HOM TOYKM B MaTepHaJbHOM IIPOCTPAHCTBE, 3HAYUT, HPU
HaJIMYHOCTU JPYTHX MATePHANBHHEX Tej. B omHmMX o0mactax
3TOT0 HpoCTpaHCTBA MaTephajbHAsg ToUKAa OYHeT NBHUIATHCSA
Ho9TH TI0 MHEPIMHU, B APYLUX ee ABMKeHHE IO WHEPIUN
Gymer HapymaTbes, I MBI OyneM KOHCTaTHpOBATL fefcTBHe
cunsl. Ocobble MaTepuaJbHble 00BEKTH, KOTOPHE MBI 30BeM
TAToTeoNMME Maccamu (maupumep, Cosnne, IIAHETH ¢
T. 1.), BBIBOBYT UYpe3BHUAWHO 3HAUYMTENbHble cuinl. He-
clelyd OTKIOHEHHA OT ABWKEHUWA 110 MHEPUWHM Hamreidl Tod-

6 A.A. DpuagmMax 84



KH B NPHCYTCTBUN MaTepHaJbHEX 00BEeKTOB, Ha3BAHHHIX HA-
MO TATOTCIOIIEME MaccaMd, MH B COCTOSHEE OymeM ycra-
HOBUTDH [efCTBHE HA HANIy TOYKY OCOOHIX CHJ, CBA3AHHBIX
¢ STEMH TATOTEIOIEME MaccaMmm. Fcim Hama MaTepHajlbHasd
ToyKa OymeTr XapaKTepH30BaThCA IOMOMMBIO JyZed cBeTa,
TO yKasaHHOe JeHcTBHE TATOTEIOMHEX Macc OymeT HEITOKHO
¥ efBa W3MEpPHMO; HO, eclIi Hallla MaTepHaJbHAS TOYKA Oymer
caMa OpHHALNEKATH K paspsajgy TATOTeIOmHUX Macc, /ieJo B
KOpHe W3MEHHWTCH, U ee JABMKeHMe OyHIeT CUIBHO OTIMYATHCA
OT ABMKeHHs To wHepmun. HMcemenys ®TH pasimdus, MBI
npujieM K 3aKOHAM BCEMHPHOTO TAroTeHws. VIMeHHO TakmM
nyrem mest HeloToH, m3yyasmuii, noMmompbio 3akonoB Hemiepa,
TIBIKEeHNS MATePHMaTbHON TOYKM, TATOTEIOmMEH Macchl — ILIa-
HeTH Mapca, BoKpyr taAroreromeil Macck — Coxana. B o6bra-
HHIX TePMUHAX DBHKJIHOBOI reOMeTPHH M CTapod MeXaHUKU
3aKOH BCEMUPHOTO TATOTEHNHSA MOMKeT ObITh, KaK WBBECTHO,
GOpMYTHPOBAH cIeAylomuM o0pasoM: Ha kaxcdyio us Osyx
mazomewur macc Oelicmeyem cuaa RPUMANCCHUS, HANDAS-
AeHHas om 00HOU K Opyeoll msaeomeioufell macce U no 6eal-
YuHe npIMO NPONOPYUOHALLHAR MACCAM MALOMEOUUT MACC
U 06pamrHo nponopyUOHAILHAL KEaOpamy DACCMOAHUSL MeXHCc-
Oy Humu. ‘
Ecim marepmanbHas To9ka [BHKeTcA He BOJWBH TATO-
TEOIMAX Macc, a BOJH3M KaKuUX-AH00 MHHIX MaTepuaabHBIX
TeJl, HalpUMep B MOTOKe SJIeKTPOMATHUTHHIX BOJH (cBera),
TO TaKoBas TOYKA TaKke Be OyleT ABHTAThCA [0 WHEpLHH,
Ha Hee Oymer meiicTBOBAaThH, HaIpuMep, CHUJa CBETOBOTO [iaB-
JeHAA; TaKuM o0pasoM, IIOMUMO CHJILI BCEMHPHOI'O THIOTe-
HHAs, MOTYT OHTH W PasHOTO poja HHbie cwis. Eciam Hama
TouKa OyjeT ABUraThes BONHMBH MAaTepHAIbHEX 00BEKTOB dJe-
KTPOMATHATHOTO XapaKTepa, TO YCJOBWMCS HAa3HBAaTh YyKa-
3aHHBIE CHIH diecKmpomasHumusimy,. Moryr 6eITP T eme
KaK@me-Inb0o CHUIbl, KOTOpPHIE HA30BeM O00NOAHUMEALHLIMIL.
Mo npuxomuMm, TakuM o0pa3oM, K 3aKJI0YEHHIO, 9TO HA Ma-
TepHaJbHYI0 TOYKY MOTYT [eficTBOBATH TpPH COpTa CHI:
1) cuna BceMHpPHOTO TATOTEHUA, 2) BIAEKTPOMATHATHEI® CHAIEL I
3) cuman momonmmTenbmbe. Vsvuemme [gelicTBHA 9THX CHI
COCTABIsAET CoOfep)RaHAme CcaMoil MeXaHHKA W (UBUKY;
MO-BHAMMOMY, BCe CHJEI, [AeiCTByIOmye Ha BCSKOTO COpTa
MaTepuanbHEle TOUYKH (OyAYT AN STH TOYKH TATOTEIOMAMHE
MaccaMd WJIH HeT), CBOMATCA MJIH K CHJIaM BCEMHDPHOTO TH-
TOTeHUSA, WM K CHJIaM 3JeKTPOMAarHUTHHIM. lIpm aToM, camo
cobofi pasymeercs, 4ro apaMeTH3ANUS HAMeEro MUpa NpoBo-
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futcs oftpefiesieHHEIM 06pa3oM; HATIpUMep, BrIbUpaeTcsa 3Be3N-
HOe BpeMs, a KOODAWHATHAS CHCTeMa CTPOMTCSH C IIOMO-
mMpbI0 TaKk HA3HIBAEMBIX HENMONBIDKHBIX 3Besl. Hm o Kakom
OpuHOWIe WHBAPHAHTHOCTH, B ero obmeil ¢opme, B cTapoi
MeXaHOKe He MOKeT OBITh W pedud; pas KoOpAWHATHAS CHCTeMa
ompemelieHHHM 00pasoM BhHOpaHa, TO CHJIEI, BO3HHKAIOIIIE
BCHIEICTBAE BpAaIeHms] JeMid, SBATCH, KOHEYHO, CHIAMHO
(OUKTUBHHIME W B Iepevenb yKa3aHHbIX BbIIIe CUJ He IO-
magyr.

2. OcraBasick B paMKaXx cTapoil MEXaHMKR, OCTAHOBHMCS
Gosee moapPoOHO HA CHJIe BCEMHPHOrO TATOTeHudA. Iloab3ysch
BTOH CHION, OKA3aJOCh BOBMOMKHEIM ¢ Beiamdaiimeid mompob-
HOCTBI0O W TOYHOCTHIO H3YIUTH W, €CJIH TAK MOMKHO BHIPA3ATH-
cA, O0'BACHWTHL NBIWKEHNE IJIaHeT HaIleil CUCTEeMHI, a 3aTeM
¥ DAL NBUKEHWH 3BE3HHIX CHCTeM ([BOWHbIE 3BE3[H W T. T.).
Honeuno, niamers! Hameidl cUCTeMbl, HAXONAMUECST IIOX CO--
BOKYIHEM BIIMSHAEM MHOIHX TATOTEIOMUX Macc W K TOMY
jke ABIAKIIHECH BOBCE HE TOYKAMU, NBIDKYTCA TOpasno 00-
llee CJIOKHHIM W BalyTaHHHEIM 00pasoM, YeM MaTepHalbHEIe
TOYKM, IOJIMHEHHLe IIPOCTOMY 3aKOHY BCEMHPHOTO TATO-
TeHHS IPY HAJNYHOCTH OFHON TAroTemeil Mmaccul. OmHAKO
HebecHAs MeXaHWKA IPEBOCXOIHO CIPABUJIACH CO BCEMH 3a-
TPYAHEHHSAMH, W OTPOMHOE OONBIIMHCTBO ABIMKEHUN IJIaHeT
VAOKHUIOCH B PAMKH 3aKOHA BcemMuproro tarorenus. Cyme-
CTBOBaJNH, TeM He MeHee, MaJeHbKHE [eTajd [BUKeHHWs Iaa-
HET, YCKOIb3aBmue OT 00BACHEHHA HX IMOMOMLIO OOBIYHEIX
MeTomoB HebecHoli Mexammkd. Tawoil jeranbpio ABIAAJCA He-
O0BSICHAMBIA OCTATOK [IBIKeHHA uepuresus Meprypns.
Bamxaitmas k Coxuny Touka, B KoTopoit 6eiBaeT Mepkypmii
n3 rofa B Troy, mepememaerca (puc. 20), m 0OCTaTOK 3TOr0
masnenbroro mepeMemennsa (43" B 100 mer) ! me 6ma 0 HO-
CIIe[IHET0 BPEMEHH YIOB.IETBOPHUTENHHO OOBACHEH IOMOMBIO
3aKOHOB KJjaccHYecKoil HeGecHONl MeXaHWKW; 3aMeTHM, YTO
Meprypuit 6ammxe Bcex maaner K CoaHNy, W Kak pas B JABH-
JKEHWM BTOH DJIaHeTH oOKazajach HamOodbmas HeBA3KA
¢ IpUHOUNAMA HeGecHO# MeXaHHKH. Brimme MBI OTMETHJIH, 9YTO
cTapasi MeXaHHKa qoJsKHA Owlia, HpH apudMeTH3amuym Opo-
CTPAHCTBA MHUpa, BHOpATh ONpPENeNeHHYH, CBA3AHHYIO €O
3BE3IHOI0, KOOPZUHATHYIO cucTeMy. Moskmo Obuto mias ¢aH-
TACTAYECKOT0 00'BACHEHWS BCEMHPHOIO TATOTEHHS IPeIollo-

1 CoBpeMeHHas1 DKCIIEPUMEHTAJbHAS BeJIMUMHA IJs1 JBIKEHHA TNe-
purenuss Meprypus 42”7, 56 4~ 0", 94.— IIpum. ped.
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JKHTD, UTO JJIA CTAPOil MeXaHWKHN HYKHO OpaTh He YKa3aHHYIO
KOODAMHATHYIO CHCTEMY, a KaKyIO-TO JPYTyI0, OTHOCHTEIHHO
KOTOpPOWl KOODJMHATHAs CHCTeMa, CBA3aHHAA CO 3BE3/laMd,
ompejieJeHHEIM 00pa3oM IBIKeTCS; MO BAMAHAEM JTOTO [BH-
sReHnd IOABIAIOTCA KaKYIMUECH CUJL, M MUMEHHO BTH CHJIHI

Puc. 20

MBI 3aMeuaeM B sBIeHHH BceMupHoro Tarorenma. (Camo co-
6oit pasymeercs1, 9To B paMKax CcTapoil MeXaHHWKH 3Ta THUIO-
Te3a ABMIACH O (AHTACTHYECKON W He TPYHHO 6HIIO OB IO-
Ka3aTb, 9T0 HEJb3SA HPUIYMHBATH HUKAKOIO [BWKEHHS Ha-
meil KOOPAMHATHOH CHCTEMbI, KaK ILeJIoro, KoTopoe oGbsac-
HsAJ0 OBl SIBJIeHUe BCeMAPHOro TAToTeHusa. Jlemo 650 651 3HA-
9UTeNIbHO TPOIe, eclu 6Bl BCeMUPHOE TATOTEHHE BHIPOJUIOCH
OH B IOCTOSHHYI0 H TOCTOAHHO OQWHAKOBO HAIPABIEHHYIO
CHIy, PABHYI II0 BOJIUYMHE Macce HA RNOCMOLHHOe YCKOpe-
HUEe g CUJIBL TA;KecTW. BOT TaKkyio, BHIPOJUBINIYIOCS CHJIY BCe-
MHPHOTO TATOTeHus (Iyd4lle Y3 CKasaTh «BCEMUPHOIl Tsmxe-
CTH») He TPYHZHO Oblio Ob 0GBACHATH KMHEMaTHYecKu, B ca-
MOM [ejie, eciu OBl Hama 3Be3qHAS KOOPAMHATHAS CHCTEMa
JBUTaJach OB OPAMOJNUHEHNHO ¥ PABHOYCKOPEHHO C YCKOpe-
HUEM g, OTHOCHTeJIbHO KOOPAMHATHON CHCTEMHI CTapoil Me-
XaHUKHU, TO B TAKOH ABIIKYIIe#HcSa crcTeMe MBI MONYIMJIA OBl
KaRymylocsa CHUIY, COBHANAOINYI0 ¢ Hameil cmiIoil BceMup-
HOA TmmecTu. fl He ocramaBAmBAlOCH HA 3TOM IoxpolHee,
TaK KaK HTOT IOpPUMep «BCEMUPHOHN THAKECTH» HMBJIaraercs BO
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BCeX IONYyJAPHHX Opomilopax M KHATAX I0 IPUHOUIY OT-
HocuTedbHOCTH. IIpmMep 3TOT XapaKTepeH JWIIb B KadecTBe
yKasaHHAg HAa BOBMOKHOCTH KHWHEMAaTHUeCKH OOBACHATH He-
KOTOpHie CUJIH, HO OH IaeT COBEepIIEHHO IIPeBpaTHOe Biieuat-
nerne, 6yqro O B paMKaX CTapoil MEXaHWKU MOKHO KHHe-
MaTH4ecKn OOBACHUTH CUAY THATOTEHHS, 9YTO COBEPINEHHO
HEBEPHO.

Jlns k@rHEMaTUIecKoTo 00BACHEHNS CUJIBI TATOTEHHUS 00b-
Iy PoJNb, IO KpaWHell Mepe HCTOPHYECKU, CHITPAJ TOT
9KCIIEPUMEHTANbHO, ¢ OOJBIIO0 TOYHOCTHIO MOATBEPKIEHHEII
¢akT, UYrTo Macca, BXogAmas B (GOPMYJNHEPOBKY 3aKOHOB
BCEMUPHOTO TATOTEHWA (Macca IPaBUTANMOHHASL), HIEHTHIHA
¢ Maccoli, ynoMuHaeMoii Bo BropoM 3akone HeioTona (Macca
WHEPIMOHHAS), COTIACHO KOTOPOMY Macca Ha YCKOPeHHEe paB-
HAeTca cuie. Eotvis upes3BHYailHO OCTPOYMHHIMI M3MEpPeHM-

1
AMHA IIOKa3alJl, 9TO C TOYHOCTHIO JIOF)-Q 9TU JIB€ MAaccChbl, I'paBU~

TaNWOHHASA ¥ MHEPUWOHHAs, mueHTHIHH. Ecam 3to o6cros-
TEJIBCTBO HE CIY4aidHO, TO E€CTeCTBEHHO HOABISIETCA Kela-
HUEe O0BACHATH CHJIY TATOTEHUS KHHEMATHIECKH W CUECTHh ee
CHION Kaymeiicsa, uin (coobpasHo Hadany Jlemambepa) cu-
J0ii WMHEpUHWYM; B CHIY HHEPIUM MHOMKHUTENS BXOQWT Macca
UHEPIUOHHAA, B CHJIY TATOTEHUsA — Macca TPaBUTAIMOHHASM;
o6e 9TM MacCH TOMIECTBeHHH — OHITH MOKeT, cmja TATO-
TEHHs eCTh CHJIa KHHeMaThieckas. JTa IHIIOTe3a HeBO3MOMK-
Ha B paMKaX CTapoil MeXaHUKM X CTapHX BO33pPeHHI Ha
DBRIUIOB Xxapakrep Mmupa. Hexbssg au mcmodbs3oBaTh ee B
paMKaxX HOBOI MeXaHHKH M, C IOMOIMBIO BTOH MeXaHWKHU, CHe-
JAaTh W3BECTHOT'O pojia o0mue IPefHoJ0KEeHUT O TeOMeTPHH
MHpa, CBA3aTh, HMOMOIIbI0 DTHX IIPEAIIONOKEHUI, METPURY
MEpa ¢ ABJIeHHEM TATOTEHHA M, TaAKIM 00pas3oM, BOBIEYb acT-
poHOMEI0 ¥ HeGeCcHYI0 MEXaHUKY, ¢ UX MOPA3UTEIbHO TOIHBIMI
MeToaMH, B KPYT BOIPOCOB SKCIEPUMEHTAJIBHOTO YCTAHOB-
genns reomerpumu Mupa? Takmm mpepcTaBigeTcA HYTh, KOTO-
PHII IPUBOLUT K YCTAHOBIEHHWIO OCHOBHEIX ITOJIOKeHHI dHH-
mTeiHOBAa 00mEero MPUWHIMIA OTHOCHTEJIbLHOCTH.

3. IlepeiineM Temeps K yCTAHOBJIEHUIO THIIOTE3, AeJaeMEIX
B Teopmu JHHmTeiiHAl 0 HEKOTOPHIX CBoiicTBaxX Mupa ¢usu-
9eCKOr0 W 0 TeOMeTPHH TOT0 MHPAa, YCIOBHOII WHTepIIpeTa-

1 DitpmTeiin Mano ofpamaeT BHAMAHNSA HA JOIMYECKYIO CTOPOHY
AeJa, I03TOMY B ero paforax yKasaHHLIe TI'HIIOTe35l C IOJHOH OTYeT-

JMBOCTHI0 He (POPMYIHPOBAHHI.
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nHeil KOTOPOTo W ABJIseTcA HAll UaWIecKWit MAp. JTU THIO-
Te3bl MOKHO (OPMYJIEPOBATH B BHME TPEX IOJOKEHUI:

1) T'eomempus mupa ecmmv pumanosa zeomempus. SHAIHUT,
mpAMas JWHAA MEpPa ecTh BMecTe ¢ TeM KpaTdafimas JHHHA,
MacmTabHEH BEeKTOP OTCYTCTBYeT, H METpPHUYECKass KPUBUBHA
mupa pasua 0.

2) Mamepuasvrnas mouka, nod Oelicmeuem ma2oMeOWUL
mace, Oguacemcs no UHePYUL.

Wnage roBopsa, MEpOBas JHHUA MaTepUAJbHON TOUKH, Ha-
xoameiicad Iof IefiCTBEEM TATOTEMUX Macc, ABJIAETCH

OpAMO#t [JIs HANIero MmUpa; sTa

BTOpas THUIOTe3a ABIAETCS TH-

oTe30#, KOJb CKOPO HaMMU

M ycTaHOBJEH IIpoIecc, OTBeda-

c omui B QU3WIeCKOM MHEpe Ia-
palllieTbHOMY  TepeMemeHnio

MEpa TEOMEeTPUIECKOTO; eCHn

3TOT IpOIECC YCTAHOBJEH, TO

TEM CaMbIM OIpedelIeHa U Hps-

Masg Halero (u3m4ecKOro Mu-

pa. Ho Mur MoyxeM Ha ykasan-

HYI0O THIOTe3y CMOTpeTh, Kak

Ha YCTAaHOBJEHHe TOTO MPOMec-

M ca, KOTOpHIH OyJeT oTBeYarhb
TapaNieIbHOMY IepeMeIeHHI0

Pmc. 21 B reoMeTpuuecKkoM Mupe. Ilo-

JO}KAM, B CAMOM Jejie, 9TO MK

ompefeluln MpAMYyIo ¢GusmIe-

CKOT0 MUpa, KaK MHUPOBYIO JIMHUIO TOYKW, HAXOMAIMENcH mof
AeficTBHEM TATOTEIOIMUX MAacCC, MOJOKAM TAKMKe, 9TO ME yMe-
eM ompefenaTh (usMUeCKHe HANPABIOHUA, BOKTOpPA M YIJIEL
MeKy HAMHA, HOJ0KEM, 9To u3 Touk® M1 B Touky M mo Kpm-
Boit C (pume. 21), B usmyecKoM MEUpPe, HAM HYMKHO BEKTOD &
IepeMecTHTh NapaJlIedbHO; [JAf BHIIONHEHHUS YKa3aHHOTO
mepememennsi pazo6beM Kpusyo C ToukaMd Ha GECKOHETHO
Majee 9acTH W MEXAY KaKIHMU COCeNHAMY TPOBEIEM Mps-
Myio (T.e. MEDPOBYIO JWHWIO TOYKH, IOJ HEHCTBHEM COOTBET-
CTBEHHHIX TATOTEIIMUX Macc Haxofsmelicsa). Bronb mo xam-
J0# MPAMON TMepeMecTHTh MapalieJbHO HAIN BEKTOp a Gyaer
He TPYOHO, MOCTaTOYHO Oy[eT COXPAaHWTH IIOCTOSHHBIM €ro
yroJ c HamupaBleHHeM IpAMoi (cM. § 4), coBepmuB nepeMe-
MeHNe 110 KakJ0il MPsAMoil, ME mepeBejleM Halll BEKTOpP B TOY-
Ky M, mpmdeM YykasaHHEIH 1pomecc TeM Oamuxe Oymer Hmoj-
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XOIUTh K [apajiieIbHOMY IIepPEeMENIeHHI0 0 KpPHUBOM, deM
Ha 0oJipIIee YHCTO KYCKOB OymeT pasGumra 3Ta Kpusasg. Ta-
KHM 00pasoM, BTOpas THIIOTE3a MOKeT OLITH [eHCTBHTEILHO
paccMaTpEBaeMa, KaK YCTaHABAWBAKOINAA B QU3HYCCKOM Mil-
pe mpoiecc, OTBeIaMMmMUHl TapajiiejbHOMY MepeMCIeHHI0 B
Mumpe reoMerpmiIeckKoM. Ml mpemmouwnm  QopMyJEPOBATh
yKasapHOe IOJOKEHNe B BUJe THOOTE3H, TAK KaK QU3HYecKoe
fapajjenbHOe HepeMemeHHe MoIJio Ovl ObITH ONpegeseHo I
KaKEM-Tu00 MHBM CI0CO0O0M, BHEINHe OTIHMYHHIM OT cImoco0a
Hameil TUNOTe3H .,

ITepBas m BTOpans yKasaHHBIE THIOTE3H HajlaraloT cpas-
HUTEJHHO MaJio OTPAHWYEHIH Ha TeOMeTPHI0O MUpa; HAUOOIb-
e orpaHUYeHHs HAJAraioTcA CJeNyIonedl Tperbeil THImoTe-
301:

3) Mexcdy dyndamenmanvhoim MempuUUecKUM MeH30POM U
BCAUHUNAMU, TAPAEMePUIYIWUMY Mmameputo (mazomeloujue
MaAcCyl, IMCEMPOMASHUMHBIE AGACHUL U M. N.), 1LMEIOM MECMmO
onpeldeseHHble COOMHOWEHUS, HA3bI8ACMble MUDOGHIMU Y Pas-
HEHUIMIUL.

Camo coGoit pasymeercs, 910 GbI0 G HE0OXOLUMO, NI
NpUfaHASA ONIPENeJeHHOCTH YKa3aHHOH TpeTheil TUIoTese,
YCIAOBATHCHA, KAKAE BEJIMYAHE XapaKTepHsyI0T Marepuio,
BHIIICATh BCE T€ COOTHOMIGHWS, KOTOPHIe Ha3BaHE HAMH MWU-
poBeiMu ypapHenusiMu. CmenaTh, OfHAKO, 3TGTO MBI HE MO-
sKeM, TaK KaK YCTAaHOBJEHWE MHPOBHIX YpaBHEHUH, W JayKe
mpocToe mX o0bsicHeHWe, TpeOyeT CAMIIKOM GOJBINOIO MaTe-
MaTmdeckoro ammapara. s Toro 9toGe XO0Th HECKOJBKO
oXapaKTepu3oBaTh OOmMUNl XapaKTep MHUPOBHX YypaBHeHHIi,
cremaeM paAj saMedanmit. Muposbie ypasHeRust cyTh audde-
PeHnUaIbEEHe ypaBHEHHS, HeWM3BECTHHIMH (YHKIUSAMHA B KO-
TOPHIX SABJIAITCHA, C OXHOH CTOPOHBI, BENWIHWHH gk, COCTaB-
naomuae GyRgaMeaTadbHEI MeTpHIeCKHil TeH30D, & ¢ Apyroi
CTOPOHEI, Te BEIWIHHBI, KOTOPHE XapaKTepH3yI0T MaTepHio.
He3aBucuMbIMA NMEepPeMEHHHME B 9THX YpPaBHEHHAX ABIAIOT-
CA MWDOBbIE KOODAHWHATH Iy, Ly, I3, L4

ITocrynar wumrBapmamTHOCTH TpebGyer, d9To0H MHEPOBEIC
ypaBHeHHA BHpaKanu 6boi coboit coGCTBeHHEIS CBOMCTBA MH-
pa u obnagann Obl, B M3BECTHOM Mepe, MHBAPHAHTHEIM XapaK-
TepoM OTHOCHUTENHHO IpeobpasoBaHWil MAPOBEIX KOODJAUHAT.
ITocmennee TpeGoBamme HajaraeT KECTKH® YCJIOBHSA HA IIPO-
HA3BOJ MHPOBHIX YPaBHEHWI W B 3HAYUTEJIbHOH Mepe OIpaB-
IEBaeT TOT UX BHUJ, KOTOPHI NPHHAT B TpeTheil THIOTe3e.
Kak m BeAKWe ypaBHOHW: €CTECTBO3HAHWS, MHPOBEIE ypaB-
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HeHFWs MOTYT paccMaTpuBaThcs ¢ OONbINedl WiIW MeHbIIei
mogpoGHOCTRIO; dTa GOJbmIAd WJIH MEHbHIas HOAPOHHOCTH
pPaccMOTpeHUs] MHPOBEIX YPABHEHHH CKaXKeTCd TIJIABHEIM
o0paszoM Ha TOH WX 9acTW, KOTOpPas B3aBHCUT OT MAaTepHU.
Ecnu Mb mpumem B coo0paskenrne M3 MaTepHH TOJBKO TATO-
TeIOMEe MACCH, TO B MAPOBHX YpaBHEHHAX HaM He UPUIETCSH
TMONAb30BATECA BEIMIAHAME, XaPAKTOPUBYIOMHAMHI DIGKTPO-
MATHHUTHEIE TIPOIecCHl MHUpa; (opMa MHPOBHX YpaBHEHHU B
5TOM ciiy4ae GymeT TakoBa, 9TO, KaK CJEHCTBUE WX, MK IOJIY-
qmM [0 MEpPOBO#l JIWHAW MATepHANbHON TOYKE HmPAMYI0 JIH
HUIO: 9TOT0 W HYMKHO OSII0 OKMAATH, TaK KaK, B IPOTHBHOM
ciydae, BTOpas Trumoresa cralia Ol B IpOTHBOpeYde ¢ Tpe-
tTheli. B WacTHoOCTH, eciim TATOTEIOMWE MAacchl OyIyT HeMOoH-
BIJKHEI, TO OIWHCTBEHHON BeJWYMHOH, KOTOPasA, CO CTOPOHHI
MaTepHd, BOWHET B MHUpPOBEE ypaBHeHWs, GymeT ILTOTHOCTH
p =10 (21, 2, x3, Z,)-

Ecnw Mo, cTaHOBSCH HA TOYKY BPEHUSA BJIEKTPOMArHWT-
HO#l TeopWM MaTepmM, IIPEMeM, 9TO BCA MaTepus CBelaercs K
SIIEKTPOMATHATHEIM HpONIeccaM, TO B HAIINX YPAaBHEHAAX
BeJIMIMHAMN, XapaKTePU3YOIMAMA MaTepuio, OYAyT: 3JIeKT-
pudYeckas IJIOTHOCTh, TPH COCTABIAAIMUX DIEKTPHISCKOTO
TOKa, SJEKTPOCTATHYECKAN MOTEHINAN W TPHU COCTABIAIOMMUX
BIIEKTPOMATHATHOTO (BEKTOPHOr0) IOTEHNUAJa — BCEro BO-
cemMp BexmunH. [IpmamMas pmamee Touky spemms Mie Ha Teo-
PHUI0 MaTepPHM, MH BCE BJIEKTPOMATHATHEIE TPONECCH CBeIeM K
HAJINYHOCTHA DJICKTPOMATHATHOTO IOJs, M TOr[a B HANIMX MU-
POBHX YypaBHeHHAX OyHeT BCero  JUIIb YeThpe BeINIHHEI,
XapaKTepusyOMUX MaTephio: 3JIeKTPOCTATHISCKAN IOTeH-
OUajl W TPHA COCTABJSIOMIAX BJIEKTPOMATHATHOTO HOTEHI[HA-
Ia; B 9ToM ciaydvae, kak mokasam Hilbert, caemcrBuem Mm-
pOBEIX ypaBHeHuit Oynyr ypasHemms Maxwell’a, ympas-
AAIOMEe, KAK W3BECTHO, BCOME 3JIeKTPOMATHHTHHIMU SBIO-
HASIMA.

KaxuMm 06pasoM ycTaHABIWBAITCA MHUPOBEE YpPABHEHHS?
TTompofiHo HEBO3MOMKHO, W3-3a TEXHHYECKAX TPYXHOCTEH, OT-
BeTHTH 3[IeCh Ha 3TOT BOIPOC, HO [[BA CJIOBA CKa3aTh 00 H5TOM
HY;KHO. OBPHCTHYECKAN METOJ YCTAHOBJIGHMS MHUPOBHX ypaB-
HeHHUil COCTOMT B MOJNYIeHHM WX W3 TAK HABEIBAEMEIX 8aDUA-
YUOHHHZ RPUHYUNO08, AHAIOTHIHHIX WMBBECTHOMY HPHHIALY
HauMeHbImero gedicrBus B Mexammke. Ciemyer ocTeperaTscs
BHJETh B 9THUX HOPUHIANAX HEYTO OOIbIiee, YeM IBPHUCTHIE-
CKUIT MeTOlI; CO0JAa3HUTENHHO CBA3ATh WX, KOHETHO, C HASAMHA
TeNTeONOTHIeCKAMHU, HO STOr0 B HACTOAIEe BpeMs MasKe,
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¢ OpPMATBHOMN CTOPOHH, chemaTh Heabssd. CymHOCTD 3THX
IPUHIALIOB 3aKI0YaeTcs B TOM, 4T0 u30mpaercss HEKOTOpoe
BEIpajKeHHe, HMeomee O0OJBIIOe BHAYCHHE JIJIA TeOMeTpUH
MuEpa (HampEMep, CpeIHSs KPUBHU3HA), MEHUMYM KOTOPOTO
umercsa. HeobxomguMeIMu, HO HEIOCTATOYHHIME, YCAOBUAMU
3TOr0 MUHMMYMa CIY:KaT MHDPOBHIe YpaBHEHHUA; TaK KaK 3TH-
ypaBHeHHS HeIOCTATOYHHI, YTOOB YKAasaHHOe BHIPayKeHUe
OBn0 OBl MUHIMYMOM, TO ¥ HeJb3S BHICKA3HBATh, COOJIa3HH-
TEJBbHOE C TeJeOoJOIMUIeCKON TOUKM 3peHud, cymmenue o6 yc-
TpolicTBe MHpa ¢ HaUMeHbIIeH KPWBU3HON W T. I. JBPUCTHU-
9eCKHH MeToJ{ YCTAHOBJEHWS MUPOBHIX YpaBHEHHWi, KOHEIHO,
He MOKeT CIYKHUTb JOKasaTeJbCTBOM WX NpaBuWibHOocTH. Mu-
pOBEle YpaBHEHHS YCTAaHABIWBAIOTCA KaK BCAKUHA B3aKOH
TMPUPOAH. YCTAHOBIEHHWE WX €CTh I'UIIOTe3a, KOTOpas MOJK-
Ha, I0cjie COOTBETCTBYIONMeH MHTepIpeTanud, NoIBePrHyThCS
DKCIIepUMEeHTAaNbHO# mpoBepke. IlocMoTpuM, Kakum ke 00-
pasoM yKasaHHEE TPH I'UIOTE3bI, KOTOPHE MHI OygeM Haskl-
BaTh 2uUnoOme3amMu mMa20MmeHUus, MOTYT OHTH NpPOBEpPSEMH HA
ompITe, W KaKad HHTeplperanws WX OymeT HaM HYKHA I
3TO NPOBEpKH.

4. Kark m3BecTHO, Bcerja MOMHO BHOparh KOOPJAHHATH
MHupa TakK, 9To0H B JaHHOH TOUKEe W B HENOCPEACTBEHHOM Giu-
30cTH ' ee MBI WMeNH OB MHADP ¢ 9BKJINIOBON METPHKOIl W DB-
KJIUTOBEIMU CBOWCTBAMH. Y Ka3aHHBIE KOOPAMHATH HOCAT
Ha3BaHWE PEMAHOBHIX KOOPAWHAT. PUMAHOBE IPOCTPAHCTBEH-
HEle KOOPJUHAIH JJIA MAaHHONH TOYKA MOKHO H300pasuTh B
BHUJe OOKIHEIX NPAMOYTOJBHKX, TPAMOMKHCIHEIX KOOPIUHAT.
Bynem stuMu ke MpAMOIUHEHHBEIMA, IPSAMOYTOIBHLIMA KOOP-
OUWHATAMHA IOJB30BaThcHA He TOJBKO JJIA JAHHON TOUKHM, HO
n B OAWKaWIIAX OKPECTHOCTAX TOYKU; Goidee ONpeneNeHHO
YCIOBUMCA CYUTATh, UTO' OAMKANIINE OKPECTHOCTH TOYKH 06-
JIafaloT PBKIHIOBOM METPHWKOW, W IpuUMeM BBeJIeHHbIE HAMWU
IPOCTPAHCTBEHHEIE KOOPAWHATH 38 IPAMOYTOJbHBIE, UPAMO-
JuHefHEIe KOOPJAMHATH, a BPEMEHHYI KOOPAMHATY OyaeM
cINTaTh 3Be3AHHM BpeMeHeM. [lpexgmomosxenwe 006 3BRIMIO-
BOU MeTpuKe 0ymer, camo coboil pasymeercs, HepaBUIbHEIM,
HO, 9eM MeHbIIe 0YAyT OKPECTHOCTH TOYKH, TeM Oimske Oymer
TeOMeTpHS MHUpa OKOJO BTOM TOYKHW IMONXONHUTH K TeOMeTpuu

1 BripaskeHHe «B HEMOCPEICTBEHHON GIM30CTU» ClefyeT MOHMMATh
B TOM CMbICJIe, 4TO CBOHCTBa HAINero Mmpa, NpPH YKa3aHHOM BEIGOpe
KOOpAUHAT, OYAYT OJU3KU K DBKJIUOBBIM, HE TOJBKO B JAHHOH TOUKe,
HO M B OKpecTHOCTAX e¢. ToOuRy0 MaTeMaTH4eCKRYl0 QOPMYIMPOBKY OT-
MEUEHHOT0 06CTOATEILCTBA IPUBOIUTD 3/IeCh MBI HE CUHTAEM BO3MOKHBIM.
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sBraumoBa Mupa. Hasopem mup, Takum obpasoM mocTpoes-
HEIH, YcA08HbLM MEADOM. B 9TOM: yciIOBHOM MWpe MaTepwajb-
fgas TOYKAa, HaXONAIMAACH IO JefcTBHEM TATOTEIOMUX MAacc,
Oyner obiamaTh MEUPOBOI NUHWCIH, OTIMYHON OT MPAMOHU yc-
JoBHOTO Mupa. B caMoM [fese, coriacHO BTOpOil HIOTeRE THA-
TOTeHHWs, YKasaHHAA MUpOBas JWHAA OyHeT OPAMOM HaIIero
(U3MIECKOTO, OTIWYHOTO OT TOJLKO 9TO BBEIEHHOTO YCIIOB-
HOTO MH@pa, W, 3HAYAT OyHerT OTIAMYaThCA OT IPSAMON Mmpa
yeaoBHoro. Takmm o6pasoM, TOYKA B YCIOBHOM Mumpe Gymer
00JagaTh YCKOPEHHWEM, CJeI0BATeNbHO, COTJIACHO HPHHIIAIY
HHEPOWH CTApoii MEXaHWKW, MB CMOYKEM OIpPENeNHTh CHJIIH,
neficTByIOmYe B COOTBETCTBHE ¢ BaKOHAMHU CTAapOil MeXaHUKHA
HA TOYKY, CO CTOPOHHI TATOTEIOMUX MACC, MHAde TOBOPS, MEI
CMOKeM OIPeIeNHTh CUIIY BCEMHPHOrO TATOTEHHWS CTAPOH Me-
XaHUKH. JTa cuia GYJCT 3aBUCETH, KOHEYHO, OT TATrQTEIOMUX
Macc, m60 OHa OIpPeJeNHTCA M3 TOr0 00CTOATEILCTBA, YTO MU-
poBas IUHEA TOYKE GyHeT mpPAMOH EaHIecKOro Mupa H, cle-
JOBATeJIbHO, HEKOTOPOHA KPHBOH MHpa YCIOBHOTO, BH[ KO-
Topoil GymeT 3aBHCETh OT METPHUKH QU3WIECKOT0 MuUpa, T. e.,
COTJIacHO TpPeTheil TMHOTesH, OT MaTepHu @, B YaCTHOCTH, OT
TATOTEOIMAX Macc. UTO MBI JOKHBI OKHIATH MOJIYIUTH B
cmay yKasaHHHX cooOpakeHunii? Hak mepsoe mpubimxenwme,
MBI JOIKHBL MOnyuuTh 3akoH HbloToma, 3aTeM MHI [JOJKHHI,
B0oOOme TOBOPS, MONYIUTHh IMOHPABKY K 3aKOHY BCEMHPHOTO
TATOTeHUA TeM 6GIbMIyI0, ueM B Goabmieil 6am30cTH K 00IMHUP-
HEIM TATOTEIOIMAM MaccaM HaXOQUTCs HAalla MaTeprajbHas
TOYKA.

N3yuas nBuskeHne TOIKE 0KOJO TArorelomeir Maccsl CoaH-
ma, JHHmMTe#H o0HAPY:KHI B MEPBOM HPHOIMKEHHH, KaK I
cIeloBajio OYKHNATH, 3aKOH HBIOTOHA; HO K 9TOMY 3aKOHY
OpuCcoeIUHANACh HeKoropas mompaska. Ilpumemenme sToit
IONMPABKY JAJ0 KAaK pas TO OCTATOYHOE [BWKEHWE IepUrenus
Mepkypus, KoTopoe 0CTaBajoch HeoObsacHeHHHIM. HeoObsac-
HEHHHEIM OCTABaJOCh JABmkenue mepurexaus B 43" B 100 met;
BHIUMCIeHNA JuHmTelina manxu Beamuumnpy 42, 89 B 100 mer;
0IM30CTH BTUX ABYX YUCEN CTAHOBHUTCA OCOOGHHO 3aMEJaTeNb-
HOM, ec/id BCIOMHHUTH, KaKMM OOXOTHHIM IyTeM MBI IPHILIA
KO BTOPOMY 9mcay 1.

1 A manokua 3pech OOHIYHYI0 TOYKY 3PEHHS, MO3BOJIAIONIYIO, OIe-
pEPYs IIpU TOMOINU 3BKJALOBOH TeOMeTPHH W CTAPOd MeXaHHUKH, Ha-
XOouThL B q)H3II'-[eCKOM IPOCTPAaHCTBE 3KCIEePUMEeHTAJbHEIC COOTHONIEHN A,
cIy;rRamue HOBepKOﬁ TUNOTE3bl TATOTCHUA. 3Ta O6H‘IHHH TOYKaA 3PEeHH S
JAIIeHa, K COMKAJeHUIO, HaJUIe;Kameil sACHOCTH X crporocTd. IIpaBuib-
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Ilyrs paa panbmeiimed IOBEPKM THIOTE3H TATOTEHHUS
Ob1T OTKPHT. TAToTEIOmAas Macca JOMKHA, U3MEHAS METPUKY
MApa, OKashBaTh BJMAHHE IOYTH Ha Bce (UBMYECKHE SBJE-
mgnsa. Tak, HampuMep, cBeT, MPOXOAsl MAMO TATOTemed Mac-
CBl W UMes MHUPOBOH CBoeil nmmmeil oco0vie MpsMble (Tak Ha-
3HIBaeMEIe HYJIEBHE JWHWE) (QU3AYECKOr0 MUpa, B MHpe yc-
JIOBHOM [[O'DKEH OTCTYHATh OT HPAMOJMHEHHOTO pacIpocTpa-
HEHWS B YCJIOBHOM IIPOCTPAHCTBE W MOJIKEeH MBTHOaThcA OT
NefCTBASA TATrOTEIOmEe# Macchl. OKCOeqUIus, CHAPSAKeHHAs
19151 HaGMIOfieHnsl TMOCHeHETO MOJHOTO COJHEYHOTO 3aTMEHHUA
B Mae 1919 r., oOmapysumia cMemenme IOJOMKEHUS 3Bes[,
cBeT KOTOPBIX mpoxonuia BGamsd saxphiroro Jlymoir ComHma;
9T0 HAONOMeHHe CMeMeHHWs IPeKpPacHO COIJacoBaJoCh ¢
TéM, KOTOpPOe OBII0 HPeqBHYUCICHO ONHIMTEHHOM.

IMepmogsr womebammst smexTporoB ma Cosanue BOIESH
00JBIIOH TATOTEIONeH MACCH IO/KHEL, B CHIAY H3MEHEHHUSA MeT-
PUKA MEpa BOAU3H TATOTEOMEH Macch (2 MeTPUKAa KOCHETCS
BeIb W ITPOMEKYTKOB BpeMeHu), OHTH IJIMHHEe TAKOBEIX Ke
nepmoioB Ha 3Jemie. Brumcienms mOKa3HBA0OT, YTO 9TO

mee ObI0 OH paccyparh cienyomuM obpasoM. 'eomerpmdeckue Be-
JUYWHEBEL B 001aCTH MEPA, OKOJIO JAHHOH TOYKY (ABJICHUS), PA3IaraiTcs
B PAJ II0 CTEEHAM PA3HOCTel MEPOBHX KOODJUHAT TOUEK 3TOM obiacTu
u jaEEOM Touku. OTrpaEMYMBAsACH CAMHM TPYORM NIpHOIIKeHWEM,
MBI [OJIy4aeM SBKJUIOBY TeOMETPHI0 IPOCTPAHCTBA, CTAPYI0 MeXaHW-
Ky 1 3aK0H Tarorenuns Hpiorona. Vg majpiie B HAIIAX OPROIMKEHUAX,
MH JO/UKHEL IOJIYYATH MONPABKY KaK K DBKJIMAOBOH IeOMeTPUU H
CTapoil MexaHWKe, TaK M K 3aKOHY TATOTeHHs. I10Jb3yACH YCIOBHHIM
MEDOM, MH' CUMTaeM, UTO [ONpaBKa K YBRJIMIOBOH reomeTpuu Gomee
BHICOKOTrO IOpsAfKa MamocTd (Oojee Majia), HesKelu [ONpaBKA K 3a-
KOHY TATOTeHUs, TAKKHM 00pasoM, MH HOJydaeM [BIDKeHNE HePUIesINs
MepKypus; 3[ech Helb3d HE YKasaTh HA ONACHOCTH, 9aCTO B Ipmbin-
JKeHHBIX BHITHCJCHHAX # COOOpPaKeHHAX BCTPEUAOIYIOCH, a HMEHHO
Ha OHACHOCTH OOBACHEHWS TeX WM WHEIX SBJEHWH, OyTeM COXPaHeHWA
OfIHAX MAaJHX BeJMIMH W OTOpacHBaHWA [PYruX, TOTO K€ HOPATKA
MaJIOCTH, MOTYIIUX YHHYTOMKUTH BIUsHEe HePBHX. G 9TOH TOUKH 3pe-
HAA BONPOC OCTAeTCA HEBBIACHGHHHM B TeOpHH OTHOCHTEJIHHOCTH;
Gomee TOro, Ha Hero He o0pamaeTcs BOBCE HUKAKOI'O BHHMAHHHA, B6-
POATHO, 3/1eCh HAKAKNX 3aTPYJHeHHA He BCTPETHTCS; HO, eCIH BOOO-
pasuTh HAa MrHOBEHHE, YTO MHI, YCTAHABJIMBAH HAWIM NPHOJIMKeHHEIe
co00pakeHns1, MOCTYyNaeM HeNPAaBHJIBLHO W OTOPACKHBAGM WIEHH HOKO-
TOPOrO IOPATKA MAJOCTH, COXPAHAA IPH BTOM WIEHH TOTO Ke IOPARKA
MaJOCTH, TO MOJKeT CJIYYATHCH, 9T0 HUKAKOTO BIKEHUS IePUTeJIHSA
Meprypus Mbi 00BACHUTH GyneM He B cocrosEmu. IIoBTODAIO, 9TO 3TO
MaJjI0 BepOATHO, HO s BCE K€ CYeJ MOJIe3HKM OOpATHTh BHHMAaHHE
Ha YKa3aEHOe cOOOpaskeHHe, Hy;malomeecs B Gosec MOgpoOHOM OcBe-
meHUA U Tasllee B cebe WU3BeCTHHE OMACHOCTH [JA BO3MOKHOCTH
9KCIIePAMEHTAIbHEOT0 HOATBeDKACHASA TeOPHH OTHOCHTENbHOCTH.
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yaauHeHNe OYNeT CKashiBaThCH HA CMEINEeHWM TEeMHBIX JUHHI
CIIeKTpPa K KpacHoMYy Koumy Ha 2-107® giwnbi BOJHLI JUHUH;
HaOIONeHUs NAOT B CPEIHEM 9HCJIO0 AJS CMEIeHH:A, PaBHOE
1.85.107% pawmn Bommni. CymecTByer eme pPAX SKCIepPUMeH
TalbHHX (AaKTOB, HOATBEPKIAIOMUN NPaBUILHOCTH YKAa3aH-
HO#l TMIIOTe3Hl TATOTEHUS ¥, 3HAYUT, NMPABAILHOCTH TEOPHH
ditniTeiina, M3BECTHON IO/ MMEHEM 06ufe20 nPUHYUNRG OMHO-
cumeavrocmu. Heo6xoquMo Bce e OTMETUTH, YTO yKa3aHHAA
NpaBUIBHOCTD IOATBE{IeHa HOKAa TUNIF B BecbMa TPYOBIX
YepTax; He clieqyeT Ha HPHHIUI OTHOCHTEIHHOCTH CMOTPETH,
KaKk Ha HEYTO BIIOJIHE YCTAHOBHBIIEECS; KOHEYHO, MHOIHeE
merand Teopum JiiHmTeiiHa, 0cOGEHHO OTHOCAMMECST K yCTa-
HOBJICHUI0 MHPOBHIX 3aKOHOB, MOT'YT W MOJKHH GYAYT BHIO-
HM3MEHATHCA, KaK TMOJ BIMAHNEM HOBHX DKCIIEPUMEHTAJbHBIX
$aKToB, Tak W O] JefiCTBHEM HEIPEepHBHO COBEPIIEHCTBYIO-
MErocs MaTeMaTHYeCKOTo aHamusa. BaykHo JMmb To o0CTOA-
TeJBCTBO, YTO Teopud OWmmTeliHa B CBOMX oOmEX dYeprax
GuecTsAmie BHIEpKasa HKCIEPUMEHTANbHOE HCIBITAHUE, He
TONBKO O0BSICHEB MHOTOE, KasaBmieecs HeOOBACHUMEIM, HO H
npenckasaB, No MPUMEPY KIACCHIECKUX TEOPHi, PAN HOBHX
ABJIEHHI.

§ 10. 1. HOna teopum OiiHmTeiiHa d7neK-
MaTtepusa TPOMAarHUTHEIE SBIEHUsA, XapaKkTepu-

u crpoemme  38YACh 0COOHIME BeIMIWHAMY, He HH-
Bceeaennoii  TePIPETHPYOT HUKAKOTO CBONCTBA reo-
MeTpmdeckoro mmpa. Hemenruii Mma-

tematuk Weyl, pasBuBas Teopuio JiH-

IMITeHa, OajJ CUCTEMYy, B KOTOPOH W

BJIEKTPOMATHUTHBIE ABJIEHUS (QU3UIECKOI0 MHUpA HHTepIpe-
THPYIOT TPH HEKOTOPHIX TONOJHHUTEJHHHX NPEAIOoTOKeHH-
ax (upusmamme Teopu:m Mie) u3BecTHBHIE CBOHCTBA Teo-
METPAYECKOr0 MHUpa; 9TH TOHOJIHHUTEJILHEE IIPeNIOoJOHKeHus
HE CTOJb CYMECTBEHHE; COOTBETCTBEHHEM 0000IEHHeM Ieo-
MeTpUHM MOKHO OT HUX ocBoGomuthes !. CymecTBeHHON dep-
toit Teopun Weyl’'a ABageTCs TPaHIU03HOCTE €T0 KOHIENINY,
cBOfAmEl Bce coBepmammuecs B (QU3MIECKOM MuUpe K WHH-
TepIpeTauud HEKOTOPEX CBOMCTB MHpa TeOMETPHYIEeCKOrO.
ITocmoTpuM, KAaKUMH TUIIOTE3aMU XapPaKTePU3YETCS TEeOPUs

Weyl’a.

1 [To sromy Bompocy mmerorcsa pabormt Eddington’a, Schouten’a
¥ aBTOpa HACTOAMEH CTaThU.
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ITepBoe ee Teopermueckoe MPeMMYIMECTBO Iepej THIOTe-
3aMy TATOTEHHS 3aKJII09aeTCA B YMEHBIICHHH YUCJa THUIOTe3
u B mpufianum uMm Gomee obmero xapakrepa. OrpaHuvenus,
Tpebyomue, 9T06K reoMerpus Mupa Ona On pUMAHOBOM reo-
Mmerpueii, B Teopuu Weyl's otnamaer. B To e BpeMsa mBmxe-
HUe 10 MHEePIUX 3aXBATHBAET GoJiee MAPOKUA KPYT JBUIKEHHI;
TPEeThA TUIOTEe3a TATOTEHHs IpeTepleBaeT W3MEHEHHE B TOM
CMEICTIE, 9TO B ee (opMyIUPOBKeE, coobpasno obmeit mmee Teo-
puu, COBEPUIEHHO OTCYTCTBYeT yKasaHWe Ha DPONb BeJIWUHH,
xapakTepusylomux Marepuio. ['mnoresmr Weyl’ss, roroprie
MBI, pau KpaTKoCTH, 0yaeM Ha3LIBATh 2UnOMe3aMU MAMEPUL,
POpMYyNUPYIOTCA CHEAYIOMUM 00Pa3oM:

1) mamepuasvnas mouka nod Jdelicmeuem Kar msaezomeio-
WU MaAcc, MAK U MeKMPOMALHUMHBL —SA8AeHULL O8uscemca
no UHepyuU.

2) Mexcdy PyndamenmasoHsln Mempueckum MeH30pOM U
MACULMABHBIM 6EKTNOPOM UMEIOM Mecho onpedeneHHble COOMHO-
WEHUL, HA3bIBAEMBIE MUDPOSHIMU IPAGHEHUAMU.

Ecnu B ¢usudgeckoM Mupe HeT HHYEro, KpoMe 3JIeKTPO-
MarHMTHBIX SBJEHHWH W TATOTEIOMWX MAacc, WJIM eciau Bce
CBOJUTCA TONBKO K DIEKTPOMATHUTHHIM ABICHUSM, TO IepBas
TUIoTe3a MOMKeT GHTH BHIpa)keHa mpocTo TpeGoBaHmeM, ITO0H
BCAKOE [BIJKEHNE MaTepUanbHOU TOYKHU OblI0 OHl [BHIKEHHEM
10 uHepOuu (B CMEICIe HOBOW MeXaHWKH, KomeuHo). W3 xom-
OWHAMUU BTOPO¥ W IepPBOM T'HMIIOTE3 CJeNyeT, YTO Bce BelH-
YMHL, XapaKTepUayoIlue 5JIeKTPOMArHUTHEE ABJeHHA (IpH
HTOM TpeJIoNaraeTca cupaBefInBoCTh Teopuu Matepuu Mie),
3aBHUCAT OT IeOMETPHIECKUX BeJUIWH reOMeTPHIecKoro MHpa.
B camoMm gexe, ;ku3HBL m1000# MaTepualdbHOW TOUKH OIIpele-
aseTca NpAMON MuUpOBO# JwWHHeH, a TpAMasg, B CBOI OdYe-
penb, B3aBHCHUT TONBKO OT (YHIAMEHTAJbHOTO MeTPHIECKOro
TEeH30pa W MAacITa0HOTO BEKTOpPA, KaKOBHE BEIWIMHH, CO-
TJIaCHO BTOpOI THIIOTe3e, CBA3AHL PYT ¢ APYTOM M HHU ¢ 4eM
6omee. Weyl pmemaer Gosiee ompefejeHHOe WPeNIIOOMKeHMe,
TOBOpA, YTO YeThipe BeJWUYMHEI, OIpefesAomue MaciTaOHEII
BEKTOD, WHTEPHPETUPYIOTCH B (UBUIECKOM MHUpe 3DIEKTpO-
MATHUTHEIME H 3JEKTPOCTATUIECKUMH TOTEHIMANaMH; BTO
JacTHOE IPEAIIONOKeHNe He ABJAETCSH, OfHAKO, CYMeEecTBeHHO
HeoOXoTUMBIM [l Teopuu Weyl’s.

MupoBrie ypaBHeHHS YCTAaHABIUBAITCA INIpHEMOM, aHa-
JIOTMYHBIM IONYYEHNI0 MEPOBHX ypaBHEHH! B TeOpHU IJNHII-
TefiHa; EIWHCTBEHHHIM CYINECTBEHHLIM OTAXIMEM MHPOBHIX
ypaBreruii Teopuu Weyl’s spasiorca Gosee cypoBiie Tpebo-
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BaHHA WHBApHMAHTHOCTE uX. K o6H4HOMY HpPHEOUNY HHBA-
PHAHTHOCTE H0GaBIAITCSH eme JONOJHUTENbHEE TpeGoBamus
uneapuanmuotmu macrumabroti. OcTaHOBEMCH HA BTHX JI0-
TIOJHUTENBHHX TPeOOBAHUAX; YCIOBUMCSA HABHIBATEH U3MEHE-
Huem macwmaba (cM. BHINe § 3) omepammio PasiIWIHOTO A
PA3IWYHEX TOUYEK W3MEHEHHs BeJWIAHH GECKOHETHO MAabIX
BEKTOPOB, WHAY® TOBOPSA, ONEPANUI0 OMHOMKEHWS COCTABIA-
0muX QYHIAMEHTAIBHOTO0 METPHYIECKOTO TEH30pa gix HA Be-
JMIUHYy W, QYHKIUIO KOOPIMHAT I1, X2, L3, L4 B 3To0i ome-
pamma HeT HHYEro HOBOTO WJIM SKCTPAOPAMHAPHOTO: Hepees-
JKasg W3 CTPAaHH B CTPaHY, HaM IPHXOJHWTCA W3MEHATH Mac-
mTal, T. e. MepuTh B Poccun apmmramu, B 'epmannm — Mer-
pamm, B Amramm — gyramu. BooGpasmMm, uTo mOg00HYIO
mepeMeRy MacmTa0a HaM IpPUIIOCH O [eNaTh OT TOYKH K
TOYKe, TOTHA MH W HOJYIMM ONHECAHHYIO BHIIIE OIEPaNuio
usmerenua macwmaba. Vlamenennio Macmraba B MUpe reoMer-
puueckoM Oynyr, B QU3HIECKOM MEUpPE, OTBEIATHh PAa3IHIHEIE
CIIOCOOH M3MepeHNUs JJIUHE (BeJMIMHEL BEKTOpPA); STU pasidd-
HEle cIOCOOH OyAYT BCe MOJB30BATHCA OfHAM W TEM jKe Ha-
YaJIBHEIM BHAYeHWeM, HO 3aTo OyAyT, OT TOYKH K TOUKe,
MeHATHh eJUHHNY wu3Mepenms. TaxuM oGpasoM, H3MEHEHHIO
macmraba 6ymer B U3MIECKOM MHUpe OTBEYATH MEPEMeHa, OT
TOYKE K TOYKe, eJWHUIH H3MEPeHUs [JINHH, KaKoBas Ilepe-
MeHa, KaK MH BBHIACHWIN B § 3, Bcerjja mMMeeT MecTo.

CoGcTBeHHEIE CBOWCTBA MHpa JelATCA Ha [Ba Kiacca:
OfIHE He BaBHCAT OT YIOMSAHYTOr0 W3MeHeHWs MacmTaba,
JAydume CKasaTb, HE MeHAIT cBoell HOPMH HE IpU KAKHUX H3-
MeHeHHAX Macmraba; Apyrue GyAyT OpH W3MeHEHHH MAacCII-
Taba MeHATH CBOIO (opMy. YciaoBHMCs COGCTBEHHBIE CBONCT-
Ba MHpA, NpHHAJIEKAamue K NOePBOMY KIaccy, HasHBaTh
MACUUMAOHO-UHBADUAHITLHBLMU.

Weyl pacmumpsier mocTynaT WHBAapHAaHTHOCTH, G00aBIiisis
K HeMy TpeGoBamue, 4ToOH 6ce (fusuueckue 3aKoHbl Gblil 6bl
He MOAtKO COOCTNEEHHBLMU, HO U MACULMAOHO-UHBADUAHMHBLMU
ceolicmeamu gusuteckozo mupa.

Coo6pasHo TakoMy pacmIEpeHMIO IOCTyJaTa MHBAPHUAHT-
HOCTH, OPHUXORHTCA IOTPe0oBaTh, YTOOH M MUpPOBHIE ypaBHE-
HuA BHpaKamruch 6B B dopme, yaoBIeTBOpsiomeil TpeGoBa-
HUI0 He TOABKO KOOPAMHATHOH, HO W MacmraOHo#t WHBApUAHT~
HOCTH.

2. CymecrBennuM oramamem teopum Weyl’s or Teopunm
OMHImTEHA SBAAETCA OTCYTCTBHE BKCOEPHUMEHTAIBHOTO TOJ-
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tBepaenns teopud Weyl’s. fI camrarwo, aro TpeGosanme npn-
sHaHHA Teopu: Mie He cymecTBeHHO /s o0meit mxed Teo-
pun Weyl’a; Bo ecam B3ars Teopmio Weyl’s B ToM Bmjue,
KaK OHAa m3jaraercs aBTOpPOM, To mnpusHamme Teopmm Mie
mensbemxno, ato Teopusa Mie He HaxoguTcH B TOJKHOM COT-
JlacMd ¢ HKCIepHMeHTAaJbHKME (Paxramm. Hax Obr To HE GBI-
o, ramoTesa Martepumu Weyl's Kaer eme cBoero sKcIepH-
MEHTAQJIBHOTO MONTBEPIKICHUS.

Cymecteennoii mogjepkoit Teopmm Weyl'as sasasercs
TMOJNy9eHNe H3 €r0 MHPOBHX ypaBHEHWH, yCTAHOBJEHHHX Ja-
3Ke B caMoil obmeit gopme, cuctemnl ypaBmeruin Maxwell’a.
Papmsiv o0paroM, Kak w3 Teopuu OHHMTElHA, TAK U 3 Teo-
pun Weyl's BriTekaeT 83aKOH COXpaHeHHS BHEPTHH, UTO
mpepncraBiser co0oil TakKe NWITHUHA IIAHC B MOJIb3Y TEOPHH
Weyl’ss. Bynymee cMoer pemwrb, B COCTOSHHA JIH TEOPHA
Weyl’s ompasmars ceb6s mepef CyZoM DKCHEPHMEHTA B TOM
BHJe, B KAKOM OHA ceiitac pasBHTa, U MOTPeOYIOTCS HOBHE
VW3MEeHEHHS H OHOJHEeHHS B PA3BHTUH YKA3aHHON Teopuu.
He sra cropoma gema BakHa, ogHako, B Teopmu Weyl's —
B&KHO TO YTBepPIK/IeHAE 3TOH TeOpHH, KOTOPOe éce mMamepuaib-
Hble AeAeHUS Puauteckoz0 MUDA noYumMaem JAUULL €80e06Dpa3-
HOU ummepnpemayueli ceéolicme u 06pasos Mupa 2eomempuie-
CK020.

O6paTuM BHEMaHWe Ha HEKOTOPHE CIEICTBEA THHOOTE3H
TATOTEHUSA M TUUOTE3H MAaTepHUH, CIe[CTBUS, KOTOPHE JamyT
HaM Goilee sipkoe mpejcTaBienme o0 HHTePIpeTAnuH MaTepH-
efl TeoMeTpUIECKHX CBOIiCTB Mupa. TsAroreiomas Macca CBSA-
3aHA ¢ BEKTODPHANLHON KPHUBU3HOM; YeM 0OJBINEe TATOTEIOMUX
Macc, TeM 0oibilie BeKTOPHalbHAs KPUBHU3HA; DJIEKTPOMATHNUT-
HBIe ABJEHUS CBSB3aHBI, HA000pOT, ¢ KPUBHBHOH MeTpHUe-
CKO#i; 4eM 0oJiee HATEHCHBHH 3JI€KTPOMArHATHEE ABJIEGHNA,
TeM (oJIbile MeTpudecKass KpuBU3HA. BeXTopuanbHas KpHBH3-
Ha oxono Coxmna ! 3HaunmTespHO GoOJiee, HeKelHW B 00JacTAX
MEKIJIAHeTHOTO IIPOCTPAHCTBA, MANEKHX OT KaKHX-Imbo
3Be3]l; MeTpUYECKas KPUBHM3HA OKOJI0O MOMIHOTO TeHepaTopa

1 3910 BHpasKeHWe He BIIOJIHE TOYHO; He CJIeAYyeT yIyCKaTh U3 BUAA,
9T0 M BEKTOpHAJbHAA W METPMYCCKAs KPHBU3HEL OTHOCATCA K uembi-
pexmepromy MHPY. MBI, OTHAKO, NONYCTEM 3IeCh CO3HATEIBHO He-
TOYHOCTH BHIPAKEHWH pajgun OOJbIIed HATIATHOCTH.

B cymHocTH TOBOPsi, HaM ClefyeT paccMaTpuUBaTh KPHUBHU3HY TIH-
OepuoBe PXHOCTH UeTHIPEXMEPHOTO MHDA Iy = Z4y, T. €. KPUBH3HY TPO-
CTPAaHCTBA, OTBEYAIOMETO MOMEHTY Z40.
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TOKA 3HAIUTENbHO 0OJbINe, YeM MeTpHIecKas KPHBU3HA Bja=
AU oT GONBUINX MacC HJIEKTPOMATHUTHOW HHEPTUM; MeTpHde-
CKasg KPHMBH3HA B JIyYe CHJIBHOTO HPOMKEKTOPa 3HAYATENHHO
GoJplle, HesKeIH KPHBHU3HA B Jlyue HACTONBHOH JaMIEL. SHa-
9uTeNbHAsA BeKTOpHalbHAaA KpuBusHa okojo CommHma crasker-
¢, Korga MH OymeM IHapaluieJbHO MepeMemaTh BEKTOp IO
COMKHYTOM KPHBOIl H CJEUTH 3a ero HaIpaBICHHEM; METPH-
4eCKas KPHUBHU3HA OKOJO MOIMHOTO TEHEepPaTopa CKayKeTCs Ha
3HAYUTENBHOM H3MEeHeHHH IJIWHH BeKTOpAa, HapajiIelbHO Ie-
peMemaeMoro IO COMKHYTOHI KPHUBOM OKOJIO YKasaHHOTO
regepaTopa. Takum o6pasom, Ham (u3MYeCKHid MHUD OTIH-
4aeTcsA B Pa3JIMIHBIX YAaCTAX CBOMX OOJBUIMM pasHooOpasueM
BEeKTOPHAJLHOI M MeTpHYecKoll KpmBusHH. IllpocTpamcTBo
Hallle ABIAETCA 0c000ii THIePIOBEPXHOCTLI0 MHUpa; 0HO OyHeT
00iafaTh KaK BeKTOPHAIBHON, TAK U METPHYECKOW KpPHUBU3-
HOHI, 4pe3BHIYAHO DAa3IMYHOW B pAas3JMYHHX CBOMX YACTAX
I K TOMY ke BCe BpeMs MeHAIOMmEeHcsI ¢ TeYeHWeM BpeMeHH.
Hy:xas ouens geranbHble CBENEHUs O KU3HKM HaIlero Ma-
TePHAIBHOTO IIPOCTPAHCTBA, YTOOH BCe BpeMsA CJIEIUTH 3a
U3MEHSIOIMUMUCSA eT0 TeOMeTPUIeCKUMHU CBOMCTBAMM;, MBI HTHX
CBeleHUH He NMeeM, MeJy TeM MpeJCTaBJAeTCA Ype3Bhi-
9affHO HHTEPEeCHHIM YCTAHOBUTH CBOMCTBA NPOCTPAHCTBA, B
KOTOPOM MEI }KMBEM I B KOTOPOM ABIKYTCA M JKUBYT HeGec-
gHe cBermia. I[ocBATHM HECKONBKO CJI0B M3IOKEHHIO IIOIEI-
TOK pelleHHsA 3TOTO BOmpOca, BOIpoca O cTpoeHuu BceemeH-
HOI 1.

3. Mogxogsa ® Bompocy o crpoenun BcelleEHOH, MH moJ-
JKHBL TPE/KIe BCeTO BCIOMHUTH, UT0 Bcesnenmas Hama, T. e.
MaTepHuajbHOe HOPOCTPAHCTBO, IPOCTPAHCTBO, TN IBUKYTCSA
3BE3[BI, KaK MBI BHENHN, CaMOCTOSTEIBbHOI'0 CYMEeCTBOBAHHS
He ¥WMeeT W MOKeT JIMOIb PacCMaTPUBATBLCSA KaK THUHEPIo-
BEPXHOCTH MUpa, OTBEYAIOIIETO OHpedeJIeHHOMY 3HAYEHUIO
BpeMeHHOU KoopAMHATH. ['0BOpA 0 TeOMETPHYECKHX CBOI-
crBax BceseHnoi#l, MH [JOKHE, C00GPa3sHO TOJBKO YTO
CKa3aHHOMY, YCTAHOBHTH CHAYajla TeoMeTpHIeCKHe CBOIi-
CTBA MHpAa, a MOTOM YK€ PAcCMOTPETH B 9TOM Mupe THIep-

1 TTonsITKM CBeCTH 3JIGKTPOMATHATHbIC SBJIGHHA K TIeOMeTpude-
CKHM CBOMCTBAaM NPOCTPAHCTBA He NPHUBEJM K YCIEXy, TaK YTO HAJEHK-
IbI, BHICKA3bIBaeMble B 9TOM Imaparpade, He MIONTBEpPIHINACE.

O teopuax Mu u Beiins ayume Bcero mpodecTs B Kuure 3. Ilaymm
«Teopnu orHOcHTenbHOCTHY., M.— JI., 1947; 0 mpyrmX MmOMBITKAX B
9TOM HampaBJjeHWH — B cTaThe Ilaynm «Equmuass Teopus monsy (B KHUTE
«Teopetngeckas ¢usuxa XX Bera»). M., 1962.— IIpum. ped.
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TI0BEPXHOCTH, OTBeUalom[e pPAasHEIM B3HAYEHUAM BpeMeHIGi
KOOPJIMHATH U H3YYATH TEOMETPUI0 3THX TUHEePHOBEPXHO-
cTeill.

l'eomerpuueckne cBoiicTBa Mupa, HATepIpeTanueil Koe-
ro ABAAeTcs QU3WIECKUI MHp, COTIACHO KaK THIIOTe3e TATO-
TeHNd, TAK I TUINOTe3e MaTepuu, BIOJHE ONPEeNATcs, KOIb
CKOpo MH OyjgeM 3HATh MaTepHio, 3aMOJHAIOIMYIO YTOT MHUp,
wHAade TOBOPA, KOJIb CKOPO OyIeM MH 3HATH MaTepHUiO, 3aIM0J-
HAOMYIO (QuUsnIecKoe OPOCTPAHCTBO W €€ IBIKEHHE C Tede-
HUeM BpeMeHH. TpyAHOCTH pemeHus B o0meM BHUAe BOIpPOCA
0 TeOMeTpPMIECKHMX CBOMCTBAX MUpPA 3aCTaBiSET HAC CHEJIaTh
PA YOPOmAIOMUX OpPEAION0KeHN T, KacalomuXcsa IpeIe
BCETr'0 CBoOlicTB Marepum, samnonarsiomei mup. [lepsoe us sTux
YOpomanIHX TPeANoJ0oKeHNH, NIPUHATOe B HACTOsmiee Bpe-
MA TIpHU HccieXoBaHuM BceleHHOM, ¢ TOYKU 3peHHUs TeOpUHN
JiiHmTeliHA, 3aKJI0YaeTCs B COBEPHIEHHOM WIHOPUPOBAHUHI
DIEKTPOMATHWTHHX SABJIEHUA W B CBEEHWM BCeil MaTepuu,
3aDONHAIMEH MUp, K TATOTEIOmMUM MaccaM. Torma, BBUIY
TUIOTe3H TATOTEHWs, MUPOBHIE YPABHEHHA HagyT HAM BO3-
MOKHOCTH II0 BeJWYNHAM, XApPaKTepHU3YIOMUM TATOTCIOIHe
Macchl MHUpa, ONpeJenuTh Lix, T. €. PyHZAMEHTAJILHEN MeT-
pPUYECKUI TeH30pP MUpA M, 3HAYUT, METPUKY U IIPOYUe TeoMeT-
pudeckue ¢ Hell cBA3aHHLIE CBOWCTBA MuUpa. Benmumnamm, xa-
PaKTepusyIOMUMH MaTepPUI0 MUPa, KOTLa OHA CBOJHUTCA K
TATOTEIOIUM MaccaM, CIYKaT HeM3BECTHAS ILIOTHOCTH THATO-
relomux mace p = 0 (r1, 2, T3, Z4) ¥ Te JAaHHEE, KOTOPHE
OIpeeNsT MUPOBBIE JHMHUU DTHX TATOTEIOMUX MacC; BHIIIE
OLIIO yiKe yKasaHO, 49TO, KAaK CJXeJICTBHe MHUPOBEIX ypaBHe-
HEN, MH TONYIUM OTHECEHWNE MHPOBHX JUHUH TATOTEOIUX
Macc K 4MCXy HpaMbiX auHuil Mupa. He BpaBasch B Goapmue
mofpo0HOCTH, 3aMedy TOJNBKO, 4TO [aHHHEE, OIpeIeAIIue
MUpOBHE JIUHUM TATOTEIOIGUX MACC, CBEIYTCA, B KOHETHOM
cueTe, K TpeM HEW3BECTHHIM (YHKIMAM KOODPIMHAT MHUpA.
Takum 06GpasoM, [ecATh MHUPOBHX ypPaBHEHUU OJMKHEL Oy-
OYT CIYRUTH JJA ONpefeNeHus YeTHPHAJUATH HEH3BECTHHIX
BEJIMYHH: [ECATH BeJUYUH QYHIAMEHTAILHOI'0 METPUIECKOIO
TeH30pa, OIHON IMOTHOCTM W TPeX BENHINH, ONMpPeesISIoIHuX
JKU3HD TATOTEIOMUX Macc. Tak Kak HAC MOTYT MHTEPECOBATh
numb coOCTBeHHBIE CBOMCTBA MHUpa, TO MH MOMKEM OJHY KO-
OpIMHATHYI0 CHCTeMYy MHUpa B3aMeHHTh Ha APYrylo; TOrAa,
KaK 3To [0KaseiBaercs B AuddepeHmuanbHON TeOMeTpUHU, U3
JecATH BeJWIuH (PYyHTAMEHTAJBHOTO METPUIECKOTO TEH30Pa
9OTHIPEM BeJWIMHAM MBI MOKeM, HOMOIIHI0 COOTBETCTBEHHOTO
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npeo0Opa3oBaHAA KOOpPJMHAT, NPHIOMCATH HEKOTODHIe, Halepes
3alaHHbie, B 3aBHCUMOCTH OT KOOPAMHAT, 3HAYEHWS; TaKUM
o0paszoM, U3 BCeX BeJMIMH (PYHIAMEHTAILHOI'0 METPUIECKO-
T0 TEHB0pPA, ONPEJEJIEHUI0 HOMJIEHAT TOIBKO MIECTH BEINIHH
(10—4); smayur, HAmMM HeCATh MUPOBHX ypaBHEHHWH, IO CY-
meCTBY #eia, 6yayT cay:xurh aus ompenenenus gecatu (6 4
-+ 1 + 3) men3BecTHHX QYHKIUHA KOOPAHAT W BpEMeHH, X pe-
HIeHNe 3a7aYd OLpefeJeHNs reOMeTPHA MEPA, NPHHIEINATE-
HO [0 KpaiiHe#l Mepe, CTAaHOBHTCA BO3MOKHEIM. Eciam MH
VKazaHHHE [ecaTh QYHKOWHA ompegermM, To OyaeM 3HATH H
TeOMEeTPHI0 MHpa W paclupejeleHWe TATOTEIOMUX Macc ¢ HX
mupouiMu ameuAMz. Ciegyer BOpodeM, OTOBOPHUTHCA, UTO
JI0 Cero BpeMeHW HUKTO ele He PeIlas IOCTABJIEHHOH TOJNBKO
9TO 3aJaYd BO Bcedl ee OOIHOCTH M He OBLI eIme HCCJIeTOBAaH
BOOPOC O BOBMOKHOCTH OIpeJeleHWsA W3 NEeCATH MHPOBHX
YpaBHeHHUI YOOMAHYTHX fAecATH ¢pyExummit. MokHEO maske, Ha
OCHOBAHHE HMEIOMErocs MaTepWaia I0 H3YIeHHI0O MHPOBHX
YpaBHeHHH, YTBepKAaTh, 4YTO BIOJHE OIpPeNeJeHHHMH,
YKasaHHHE JecATh BeJIHYNH M3 MHEPOBHX YpPaBHEHHA IO-.
ayuars Oymer Heanssi. Takmm o0pasoM, HYKHH HIH [0-
DOJHATEJNBHEE NPHHOWON [IJAA OHpPEeJeJeHHsA OSTHX BelHd-
9YPH, WIN ’Ke IPHUBIEYeHFE ACTPOHOMUYECKWX JAHHEIX, 9TO-
OH samauyy wusyuYeHms DBcememHORX cpaemaTh  ompefiesieH-
HOIL.

Ecnu 65, ogHako, HaM yQaloCh OMpPeeaUTbh Kakoii-nmbo
BHJ, X0Ta OB 9acTHyI0 (¢opMy, 9THX fecATH (QyHKOUH, To,
Opy Haamaud Gosiee mOAPOOHHIX aCTPOHOMUIECKUX CBEleHHN 0
mameii Bcememmoit, MH Moram OH WMeTh NPEBOCXOIHHIA
7 [eTaJAbHH MeTo/] SKCIIePUMEeHTATBHON MOBePKH TeopuH JiiH-
mTeiiHa W yKa3aHHOT'O YacTHOTO peINeHHs Hammeil 3agagm. B
CaMoM Jejle, HAFIA MHEPOBEE YPaBHEHUS ompefeiuianm OH HaM
IIIOTHOCTH TATOTEIOI[AX Macc, WHAdYe T'OBOPS, MH HMelIu O
K TI000My MOMEHTY BpPEMeHH pacnpeleicHue mA0MeOWUL
mace @ @pusuveckom nRpocmparncmee; M, HAKOHEI, OIpeJeJInB
MPPOBHIe JUHAA TATOTEIOIINX MacC, HAMMK YPaBHEHHA IajlHd
OBl HaM CBefleHUs O JBWYKEHHHU TATOTEIOMHX MacC B IPOCTPAaH-
cTBe K ai00OoMYy MOMEHTY BpEeMeHH; HHade ToBOps, HaH
ypaBHeHHs: gamum OH HaM K J0000My MOMEHTY BPeMeHH pac-
npedeaenue 6 ¢usuveckom npocmparcmee ckopocmell msazo-
mewwur macc; pacupejeieHne TATOTEIMUX Macc Obo OB
HaMM TOYHO IIPOBEPEHO C MOMOMMBI0 ACTPOHOMHYECKHX MCCIIe-
IOBaHMiI pacmpefeleHus 3Besq BO DBceixenHoii, a paclpe-
JlelleHAe CKOPOCTed MHEl IpoBepuid OH, OOATH-TAKM, HA acCT-
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POHOMHWYECKUX HCCJIeTOBAHMAX CKOpoCTell, HaGIIOMAIIAXCHA
B Haireil 3sesgmuoit Bcemennoil.

IlepenpoGoBaB Bce YacTHEIE PeMIeHUsA MHUPOBHIX ypaBHe-
HUH, MBI, ¢ NOMOMMBI0 YKA3aHHHIX ACTPOHOMUYECKUX TAHHHIX,
ompefenuau 6B TEOMETPHIO MUpPA U pacmpefleieHne, U KAZHb
TATOTEIOMUX Mace BceleHnHoi.

K coxamenumio, HaMeueHHBIH, HAEaJIbHO IIPAaBUIBHBLH
myTh, HENPUMEHUM IIPAKTUYECKH; ¢ OIHOM CTOPOHEI, MaTe-
MaTH9ecKoe HWCCIe[0oBaHUe NeCATH MUPOBHX ypaBHEHHH IO-
Ka He MOKeT OHITH IIPOBEEHO BO BCEH MOJHOTE, & ¢ APYyroi
CTOPOHE, W AaCTPOHOMWYECKHE [aHHHE HE [OCTATOYHHL AU
YIOOMAHYTOH 9HKCOePUMEHTANBHON IPOBEPKH.

4. Ilpmxogmres wmarm ppyruM myteMm. as ympomemus
MaTeMaTHIeCKO# CTOPOHHI BOHNpPOCA HPHXOTUTCA JexaTh
TMPOW3BOJbHEE THIOTE3H, CBOAAMUE MHDOBEE YpaBHEHUS K
Gomee mpocteiM. [as sKCcmepUMOHTaNbHOW MOBEPKH IIpPH-
XOZIUTCA BHIBOMHTH HEKOTOPHE IPOCTHE CIAEICTBASI M3 YCTPOM-
crBa Bcemenmoll, maMedenHoil mcciegoBaHWEM YIIPOMEHHHX
MUpPOBHX yYpaBHeHWIi, W yyKe STH MPOCTHIE CJIEJCTBHA IOABEP-
TarTh CPABHEHHUIO C MMEIOMAMHUCA acTPOHOMAYECKAMH JaHHKEIMHA
¥ OPOBEpATh, TAKUM 00pasoM, dKCIEPHMEHTAJIBHO PA3BUTYIO
MaremarTuuecku Teopmio. OCHOBHBasCh HA CKA3aHHOM, Cle-
IyeT cuuraTh usyuYeEme BcelemHoil B meJoM B HacCTosImee
BpeMsA B CcaMoil MIIa[eHIECKOM CTAAuH pPasBHTUA; KO BCEM
0e3 HMCKIIOUeHUS BHBOJAM, BHTEKAaWMUM u3 uayuenns DBce-
JIeHHOM, MOJKHO B HACTOAIEee BpeMsS OTHOCHUTHCS C IOJIHEM
He[oBepHeM; 3TO HeJoBepue K TOMY )Ke HOAKpemisercs Kpaii-
Hell MATKOCTHI0 W HEHA[EKHOCTHI0 HAIAX ACTPOHOMHYECKHX
cBefienii o Bcemenmoii. -

Yupomaomue OpenoIoKeHuss, IoJaraeMile B HACTOSM-
mee BpeMs B OCHOBY IPHW W3yYeHWHM MHpa, KAcalOTCA BYX
CTOPOH BOIpPOCA: IIPEKAe BCETO, TeIAI0TCA yIIP OMAIONITe Ipef-
MOJIOKEHHA OTHOCHUTEJIBHO TATOTEIOMIMX MAacC; 0MHOCUMEesb-
Hble CKOPOCIMU MAOMEIOWUL MACC CHUMAIMCS DASHBLMU HY.LI0,
TATOTEIOMHE MAacCH CYUTAIOTCA HEMOABHKHBIMHA; ¢ MEPBOTO
B3IJIA[A 5TO MpEeJUmoJoKeHne KayKeTcsi ABHO aOCypAHEIM, HO,
BCOOMHEB,— 9YTO CKOPOCTM TATOTEIOIIMX Macc, Kak IOKAasH-
paloT HalOlogeHus, B OOJBIMUICTBE CIYy4aeB HUITOKHH, HO
OTHOLIEHHI0 K CKOPOCTH CBeTa, ME CMOKeM MHIpPOBEIE- ypaB-
HeHHA ¢ OOJIBINON TOYHOCTHIO IIPHBECTH [JEHCTBUTEIBHO K
TaKOMy BHAY, B KOTOPOM CKOpoCTH paBHE Hymxl. OTHoCH-
TeIBHO ILNIOTHOCTH TATOTEIOIMHUX MAacC HHKAKUX [JOMOJHH-
TeIBHHX IIPEALONOKEeHUN MOMKHO HE AeJaTh.
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Bropo#t rmacc mpejiionoskeHmit OTHOCHTCA K TeoMeTpuH
mapa. Ilpegmomaraerca upespme Bcero, 4ro reoMeTpusa Mupa
obnajjaer cBOIiCTBOM [aBaTh MpoOCTpaucTBa (THIEPHOBEPX-
HOCTH), B KOTOPHX KPUBU3HA B JIO00H HX TOYKE OJMHAKOBA
HMeHsieTCd Wb ¢ TeYeHZeM BpeMenu. Jlamee, jemaercs emge
ONIHO [[OWOJHHUTENHHOE IPEJHONO}KeHAe 0 MeTpPUKe MHpa,
1IPEAHONOMKEeHNe, YUPOIMAIMee 3HAYATENLHO BHTIHCICHUS,
HO CMEBICI KOTOPOTO O Cero BpeMeHH He SICEH; He jKejas
BXOIWTDH B [eTaid, s He OYyAY OCTaHABIHBATLCA IOAPOGHO HA
3TOM MPEAMOIOKeHNH.

ChmemaB ykasaHHbie NPEANONOMKEHHsI, MOMRHO HpHUHATH
nmpeske BceTo K AByM TunaMm Bcenenmoii ': 1) cmayuonaphuii
mun — KpUBW3HA MpPOCTPAHCTBA HE MEHAETCH C TeYeHueM
BpeMeHU U 2) nepemeHHul Mun — KPUBU3HA HPOCTPAHCTBA
MeHseTcs ¢ TedeHumeM BpeMenu. Wimocrpanmein mepsoro TH-
ma BcemeHHOH MoKeT CIHyKHUTHh map, pagEyc KOTOPOTO He
MeHseTCsI ¢ TeYeHHWeM BPEeMEHH, IBYMepHAas MOBEPXHOCTH 3TO-
ro mapa 0yJaeT Kak pas ABYMepHEIM HOPOCTPAHCTBOM IOCTOSH-
Hoii kpusmsmuu. HaoGopor, BTOpoii Tun Bceememnoit mosker
OBITH W300paskeH MEHAIOMUMCH BCe BPeMs MAapoM — TO Pas-
JAyBAIOIMUMCA, TO YMEHBIIAIOMUM CBON pagZyc W Kak OH CHKU-
Maomumcsi. Craquonapasiii Tan Beemennoii maer Bcero Juinb
naBa caydas Bceemenmoii, Koropsie ObLIM pPaccMOTPeHBI JUHII-
reiimoM m De Sitter’om. IlepBriii ompemenui, mo MMEIOMAM-
€A aCTPOHOMHWIECKHM JaHHBIM, pPajdyC KPUBU3HH BcenenHon
B 10'2—10® paccrosinmit 3emnu g0 Connmma, a IIOTHOCTH
(moBcioay mocrosigayio) B 10726 e/cu®. De Sitter gus cBoeit
Bcenennoit monydun moiHOE OTCYTCTBHE IIOTHOCTH TATO-
refomux Mace (p = 0).

Ilepemennsiit tuon Bcenemnoit mpemcraBaser Oosbmoe
pasHoofpasme CiaydaeB: JJIsI BTOTO TUIIA BO3MOMKHEL CIydaw,
KOT[[a pajayc KpUBW3HH MUPa, HAYHHAA ¢ HEKOTOPOTo 3HaYe-
H#AS, HOCTOSTHHO BO3PACTAeT C TeYeHIEM BPeMeHH; BO3MOKHHI J{a-
Jiee cly9am, KOT/a pajuyc KPNBU3HEI MEHAETCA MepHOTAIeCKH:
Bceenennas cxxuMaercs B TOYKY (B HIYTO),3aTeM,CHOBA U3 TOUKM,
TOBORUT pajuyC CBOU 0 HEKOTOPOTO 3HAYEHMsI, [ajee ONATh,
yMenbIias pajuyc cBoedl KpWBUBHE, ob0pamaercs B TOYKY H
T. 0. HeBonbHO BecmoMmmaercsi ckasamume HMHAYCCKOH Mudo-
JOTHH O Iepuofax >KUBHH, SBIAETCA BO3MOXKHOCTb TAaKKe

1 Bompoc 0 crpoennu Bcenennod pasbupaerca OimHmTennHOM, De
Sitter’om m mp.
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TOBOPUTH O «COTBOPEHMH MHpa M3 HH9Eero», HO BCe 3T)
IOKa [JO/KHO paccMaTpuBaTh Kak KyphesHEe (awTsl, He
Morymue OHTH CONHIHO IMOATBEDP:KIEHHEIMI HEJ0CTATOIHHIM
aCTPOHOMMYECKMM DKCIIEPUMEHTAIBHBIM MaTepuasoM; Oec-
MOJIe3HO, 34 OTCYTCTBHMEM HAIEKHBHIX acCTPOHOMUYECKHUX JaH-
HEIX, [PUBOAWTH KaKWe-IH-
00 mudpsi, xapakTepHU3yOIIue

GKU3HN» TepeMeHHO# Beenen- N
HOM; eciiu BCe jKe HAYaTh IOJ- \_/
CUMTHBATh, Paju Kyphesa, Bpe-

M#A, I[poIIeamee OT MOMEHTA,
Korma Bcerenmas cosgaBaiach
M3 TOYKH [0 TeIepeIrHero T
ee COCTOSAHMA, Ha4aTh OIpee- -~ ~
IATH, CJIEIOBATEJIbHO, BpeMsd, \__/
IpoImeinee OT CO3AAHUA MUPA,
TO IOJAYYaTCA IHMCIAA B JECATKU
MIJLTHAPI0B HAMUX OOBIYHBIX

aer L. T zEEm T Ts=II T

Ocraercsa eme, B 3aKJI09e-
HEe Bompoca o cTpoerun Bce- \__/
JIeHHO#, OCTAHOBUTHCA HA Of-
HOM HEIOPa3yMeHNH, IOBTOPA- Puc. 29
J0OIEMCs He TOJIBKO B CTaThAX U
KHWTAaX IONMyJAAPHOTO Xapak-
Tepa, HO ¥ B 0ojlee CepBeSHBIX M CHEMUAIBHHIX paborax,
TOCBAIMEHHHX NMPWHIMIY OTHOCHTeNbHoCcTH. fI mMel0 B BHAY
MPECAOBYTHIH BOMPOC O KoHeunocmu Bceaenmmoii, T. e. 0o Ko-
HEYHOCTH Hamero (@3WMYecKOT0, 3aHATOr0 GJMCTAIOIUMHA
3Be3aMH ILPOCTPAHCTBA. YTBEPIKAAIOT, 9TO, HAUAA IOCTO-
SAHAYI0 OPOMOIKUTENbHYI0 KPHUBU3HY DBcelennoi, MokHO
AKOOH 3aKIIYNTH O €e KOHEYHOCTW M HpeKIe BCEro o TOM,
qro mpsamasg Bo BcemeHHoil MMeeT «KOHEYHYIO MJIMHY», UTO
00beM BcemenHnoii ABIAETCA TOMKe KOHEYHHIM U T. W. ITO yT-
BepIK/IeHUe MOKeT ObITH OCHOBAHO WJIV HAa HEJOPA3yMEHWH WA
Ha JTONONHHUTEIBHHIX Tumoresax. M3 mempuku mupa ono Hu
8 Koem cayuae He euimekaem, a TOJIBKO METPUKA MOKRET OHITH
BHISICHEHA MUPOBEIME ypaBHeHusaMmu. IIpocrrie mpumeps: MoryT

1 HamomMeHM, 9YTO sBJIeHHe pasberaHus TYMaHHOCTEH OTKPHTO
om0 Xa66mom aumms B 1927 r., Tak uto A. A. dpuaMaH NPOABHI
37eCh MCKIIOYATEJBHYI0 TPO30PIMBOCTH, MPeNCKa3hBasg pOJIb HeCTa-
NMOHAPHEX Mofenedl.— Ilpun. ped.
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y6enurs Hac B 9ToM. Merpuka NOBePXHOCTH NWINHAPA U
MeTpHMKAa IUIOCKOCTH ORMHAKOBHI, MEXAY TeM Ha NWIHHIPe
CYIIECTBYIOT «HOpAMEIe» KOHEYHON JIUHH (KPYF, CM. puc. 22),
TOrgAa KaK TAaKWX OPAMHIX HET BOBCe Ha mAocKocTu. Bompoc
KOHETHOCTH MPOCTPAHCTBA 3aBUCUT HE TOABKO OT METPHKH
ero, HO M OT YCJOBHsA, KOTHA JBE CHCTEMbl KOOPAHMHAT OM-
pelensioT OfHY B TY K€ TOYKY.ITO0 YCIOBHE B 3HAUUTEIHHOMN
Mepe HpPOM3BOJBHO; JaKe DANMOHAIBLHOE eT0 OrpaHWIeHWe,
0 KOTOpPOM MH HE MMeEeM BO3MOYKHOCTH 3[eCh TOBOPHTH, 0C-
TaBJACT J0CTATOYHO MeCTa IPOM3BONY B Bompoce 00 OJHHAKO-
BOCTH ¥ Pa3iIMIHOCTH TOYeK HPOCTpaHcTBa. TakuM obGpasoM,
OflHA MeTpWKAa MEUpa He JaeT HAM HUKAKOW BO3MOKHOCTH pe-
INATH BOIpOC O Koweunocmu Bcememnoii. I{na pemenmsa sro-
T0 BOOPOCA HYKHHl MOIOJNHUTEIBHEIE TEOPETHUECKHE H DKC-
nepUMeHTANBHEE HccaemoBanusa. PaszyMmeeTcs, mpH COOTBET-
CTBYWOINUX COINIAMIEHUSAX BOHOPOC MCCIEZOBAHUA KOHEYHOCTH
Beenennoit He aBaserca OesHamexusM. llomoxum, 4910 3THM
BOOPOCOM BaHAJNNCH TEHHW, JKUBYIIWE Ha HOBEPXHOCTH ce-
pH; OHW MOTIW OBl pemuTh 3TOT BOIPOC, OTHPABUB B HyTh
omHOTO w3 cepwiecKHX OyTemeCTBEHHMKOB; Aep/Kach BCe
BpeMsA OpsAMOH JWHWM M OPOXOAd ee B OJJHOM HANpaBIeHUH,
HAIOl IyTemecTBeHANK, HAOIIOZAA 0K0J0 ce0sa XapaKkrep MecT-
HOCTH, BHUex OB, 9YTO STOT XapaKTep BO BCe BpeMsA ero my-
TeIIeCTBUSA MeHANCA OBl; eMy MmOmagajauch Ol WHEE JaH[-
madTH ¥ cepudecKne ropoga, Majlo HANOMUHAIOMUE TOPO-
Jla eTO PORMHEI; OJHAKO, HPUOIIBKAACH € JPYToro KOHIA K
CBOEMY TOpPOAY, OTKy[Ja OH BEIMIEN, OyTEMEeCTBeHHUK 3aMETHA
OB, 9TO OKPY’KAIOIMas ero MecTHOCTH CTAaHOBUTCS Bce (oiee
n 6osiee mOoX0sKell HA Ty, KOTOPYIO OH, OTHPABIAACH B JajeKoe
IyTemecTBYe, MOKHHYJN. DBepHYBmMWCH B HCXOJHYI TOUKY,
IyTeNIeCTBEHHNK, OyTeM TINATeJBHHIX HAGIIOIeHU, MOT OB
KOHCTAaTUPOBATh, 4TO TOYKA, B KOTOPYI0 OH HpPWIIEH, COBEp-
MI6HHO COBHANaeT ¢ TOYKO#M, OTKyJa OH BHIIIEN; TaKUM 00-
pasoM, Gbuta GH HpPH yCTAHOBJAEHWH, KOHEYHO, IEJOTO PAAA
COTJIameHMil, BHISACHEHA KOHEYHOCTH BcemeHHo# cdepsr;
IJIS 9TOTO HYKHBI ObIM OBl [OMOJHUTENBHHE COTJIAMEHUA
¥ [JONOJHHUTEJbHEE HCCAeOBAaHUSA, OJHA Merpuka cdeps
pemuTh BONPOC O ee KOHeYHOCTH OHIa OH HE B COCTOA-
HUH.

Hmar, us nocmosncmsa u NOLOHUMEALHOCIMU KDPUBUSHYBL
Bceeaennoti nu ¢ raxoti mepe He caedyem, umo Hawa Bceaen- .
HARZ KOHEUHA.
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§ 11. 1. IlpexcraBiserca  HeGecmoue3HBIM
O00mue B CIKaTOM BHJE NMEPEeIUCIUTH BEIBOIHI,
BBIBOBI K KOTOPHIM HAC NMPHUBEJ NPHUHINN OT-
IPEHOEDA HocurenpHOCTH. fl 910 cHemalo B Hacto-
oTHOCATEeahL- fAlleM maparpade, OTMETHB JHIIb CaMoe
HOCTH CYIEeCTBeHHOE, OOYCTHB BCe HETaldl U

COOYTCTBYIOMMHA HM MaTeMaTHmdecKUH
ammapar.

IIpocrpamcTBo m106oro 4mcsia H3MepeHHN MokeT OHITH
MpPOU3BOJIBHEIM 00pasoM apupMeTusmpoBaHO TaK, YTOOH
Ka)KIOH TOYKEe HPOCTPAHCTBA OTBeYasa Ob KoMOWHAIUA He-
CKOJBKUX THCEJ, HA3HBAEMEIX K0opOuHamami, TAHHOH TOYKHA
npocrpascTBa. Cmoco6 apudMerwzamum COBepmMEHHO IPOM3-
BOJIEH.

CpoiicTBa IPOCTPAHCTBA MOFYT OHTH CoOOCMEeHHBMU, T. €.
He 3aBHCETH OT cmocoba apupMermsamuy HPOCTPAHCTBA HIIN
necobcmeennbimi. O COGCTBEHHHIX CBOMCTBAX TIOBOPAT, 4TO
OHY VIHBADHMAHTH TI0 OTHOIIEHWI0O K IepeXoxy OT OZHOIO
cmoco6a apupMerwsamum mpocrpamcrBa k japyromy. Cob-
CTBeHHEI® CBOMCTBA HPOCTPAHCTBA HE 3aBUCAT OT HAaIIero
mpousBoiia — BHOGopa cmocoba apmpMermsamuu HPOCTPAHCT-
Ba. HecoGcTBeHHEIe CBOWCTBA CYTH CKOpee CBOHCTBa [JaHHOM
apHpMeTH3ANMY TPOCTPAHCTBA.

B npocrpancTBe onpenensercsa paccmosnue JBYX eTo TOYCK
M, COOTBOTCTBEHHO, BEIMIMHA OCCKOHEUHO MAA020 6eKMOpPaA
6 dannoll mouke npocmparcmea. ITo MOCHeHAS BeJIHMIMHA 3a-
BUCHT OT (fyHOamenmanrvhozo mempuyeckoeo meHsopa. Jas
9eTHPEXMEPHOTO HOPOCTPAHCTBA PACCTOAHNE HABBIBAGTCH UH-
mepéaion, a QyHZAMEHTAIHHHI MeTpHIECKWH TEH30D 3aBH-
car om Oecamu 6eAUMUH Gi.

B npocrpamcrBe ompejieisierca TawiKe naApaaiesdvHoe ne-
Pemewjenue 6ekmopa, CIy)Kamee OCHOBaHWEM [JIA OIpefele-
HUA npambiz NPOCTpaHcTBa M kpususny ero. IlapammenanHoe
mepeMemeHTe BEKTOpa 3aBHUCHT He TONBKO 0T QyHIaMeHTalb-
HOT'0 MeTPHYEeCKOI'0 TeH30pa, HO eme OT COBOKYIHOCTH HEKO-
TOPHX BEJIWYWH, HA3HIBAEMBIX MACWUMAOHHM 6CKEMOPOM; IIA
9eTHPEXMEPHOT0 IPOCTPAHCTBA MAacHITA0HBIH BEKTOP COCTAB-
JIAIOT YeTHIpe BedwdwHH, V3MeneHwe HampaBlleHUS BeKTOpa,
IpHE TapajlieIbHOM ero NepeMeleHWH, [aeT HavaJo IIOHI-
THIO 6eKMOPUAALbHOL, KEPUSUSHBL NPOCMPAHCMEA, a N3MEHEHYe
BeJIMYMHB BEKTOPA OMpeNesAeT Mempuveckylo Kpusushy mpo-
CTpaHCTBA.
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Ecian BenrmumHa BeKTOpa He MEHAETCS NPH e€ro mapad-
JIeJ bHOM TIePEMEIIeHHY, TO HPOCTPAHCTBO HA3BIBAETCS PUMA-
noewim. B pmMamoBOM mpocTpaHCTBE MACMTAOHBIH BEKTOD
OTCYTCTBYeT, MeTpHYecKas KpHWBU3HA paBHA HYJI0, a Ops-
MaA JUHWA ABIAETCA JNHHMEH Kpardaiimeii; mpodme HpoOCT-
paHCTBA HA3HBalOTCA mpocrpamcrBamu Weyl's; B HuX mpsa-
Mafg yiKe He eCcTb Kpardafmas JUHUA.

2. IloMnMO reoMeTpHYECKOT0 HPOCTPAHCTBA MBI BBOJHM
Pusureckoe mpexmepHoe RPOCMPAHCME0 B Puduieckoe 8pems,—
mp@dYeM, BBOIUM IX HE B OTHEJIBHOCTH, KOTrfHa uX (usmde-
CKOe CYMEeCTBOBAHWE HEMBICIAMMO, a B HUX COBOKYIHOCTH,
cocraBagiomeil pusmgeckuit mup. Duswmaeckuii Mup cocrour
us mamepuy (TOAKYsT CIOBO 3TO B CAMOM IMEPOKOM CMEICJE),
K MaTepu¥ NPUHAMIEKAT M TATOTEIOIUe MaccChl, M DIEKTPO-
MarHUTHBIE Tpoinecckl. HamoMHIO, 9T0 HMEHHO MHD COCTOHT
#3 MaTepuy, OOTOMY 9YTO Marepus B IMPOCTpaHcTBe U 6e3 Bpe-
MeHHu Qusmaeckn Hemsicamma. Mel ycaasiauBaemcs o6 oco6oil
HMHTEpOpeTalUy TeOMEeTPHIeCKOTO Mupa (IpOoCTPAHCTBA de-
TEIpeX H3MepeHuil) mpu moMomy Mupa Quswmieckoro. Ham-
JlOfi. BemHU TeOMEeTPUIECKOTO MHPA CONOCTABIAETCA WHTep-
nperupylomuit ee o6beKT (MaTepHadbHBI) MHpa PU3MICCKO-
ro. Humepnpemayus sma coeepuleHHO YCA06HA U 3AUCUM
om Hauiez0 npou3eosd. YCIOBUBIINCEH B OIpEeNeHHON WHTEP-
mperanuu, OyJaeM HAa3HBaTh YETHIPEXMEPHOE IPOCTPAHCTBO,
gHTepOpeTanueil KOero CIyKHUT (U3HYeCKWiIl MHUp, NPOCTO
eeomempureckum mupom. B QusmIecKoM MUpe MH BHIeIAeM
TPYNIY CBOMCTB, KOTOPHE HABHIBAGM (HUUUECKUMU 3AKOHAMU.
Jaa s1ux ¢m3MdecKuUX 3aKOHOB MBI yCTAaHABIHUBAEM NOCMYAAM
UHEAPUAHMHOCIMY, 3AKIIOYAIOMUNACA B TOM, 9TO (U3WIECKUE
3aKOHBl WHBAPUAHTHH, OTHOCHTENHHO IIepeXoJa 0T ORHOTO
cmocoba apupmerusanuu K JPyroMy, W OTBEdYAIOT, CJef0Ba-
TEILHO, COGCMEeHHbLM C80Licmeam MHEpPa TeoMeTPUIeCKOTO.

C wu3BeCTHO# TOYKH B3pEHMA, MOCTYJIAT WHBAPHAHTHOCTH
Mor OBl CIHYKHTEH OIpefeeHWeM (QN3MIeCKHMX B3aKOHOB.

Tpu KoopguHaTH QU3AIECKOT0 MHPA BHIIEISEM B 0CO0YIO
IPYOIOY RPOCMPAHCMEEHHBLE KOOPOUHAm, a IeTBepTy0 KOOp-
IWHATY HAa3HIBaeM epemerkol. JaA MeTpurEm TeoMeTpude-
CKOT0 MHUpa yCTaHABJIMBAaeM O0COOHil nocmyaam eeujecmeer-
Hocmu, CYIMHOCTh KOTOPOT'O CBOJUTCS K OIPE/[eJ1eHHEIM CBON-
CTBAM BeINEeCTBEHHOCTH M MHEMOCTH, KOTOPHIMHA JOJIKEeH 00-
Iamars MHTEPBAJ ABYX TOYCK OJHOBPEMEHHLIX ¥ /BYX TOYEK,
AMEINUX OJMHAKOBHIE NPOCTPAHCTBeHHBIe KoopauHATH. Ilo-
CTYJIaT BemecTBeHHOCTH HajaraeT OrpaHWYUTENbHLIE yCJIO-
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BUS He TOJIBKO Ha METPUKY MUPA, HO M HA MPOU3BOJ ero apud-
Merm3anwu, mbo IpHM BCAKON apudMeTHsanuu, B CHIY IIO-
cTyllara BEmEeCTBEHHOCTH, TOJIKHA MMETh MECTO BO3MOMKHOCTH
BHIeeHUs BpeMeHHOH# Koopmumarsl. Iloctyaar BemecTBeH-
HOCTH UTpPaeT BecbMa 0OMBIIYIO POJb B TAK HA3EIBAEMOM NPUH~-
yune RPUYULHHOCMU; COTJIACHO ITOMY IOCTYJIaTy, OBa pas-
HOBDEeMEHHHT A6ACHUS HEe MOTYT OHITh, ¢ IIOMOIILI0 apufme-
TH3ANWUY, NOOAYMHAIOMENCS [OCTYJAaTy  BemeCTBeHHOCTH,
TmpUBeeHbl K ofHOBpeMeHHOCTH. TakmMm obpasoMm, HpuYMHA
¥ CJeHCcTBME OpPH OXHOM cmoco0e apuMerusamumy Mupa
0CTAIOTCA HPUINHOM U CHEICTBUEM TaKKe OPHU JPYToM ciiocobe
BBEJEHUA MHUPOBHIX KOOPIHHAT.

WNaMenenme mpocTpaHCTBEHHBIX KOOPAHMHAT € TEYCHHEM
BpeMeHU HasbBaeM OJsudcenuenm. JIBweHHe Xapaxrepusy-
eTCA U OIPeNesIAeTCA MUP08OT AUHUE MOUKEW.

Horma ycramoBieHa YyCJIOBHAas WHTEpOpeTAlMs TeoMeT-
PHYECKOTO M¥pa, HOMOMBI0O MUpPA (U3UIECKOTO, TO ABIACTCH
BOBMOJKHOCTD, HYTEM 9KCHEDUMEHMAAbHO20 USYYeHUS PHri3l-
4eCKO020  MUDPA, Onpedelmd  2eoMEMPUI0 MUDPA  2e0Mem-
puueckoeo. IlpocreiimuM mo mice, BO TPYIHEHNINM 10 BBHIIOJ-
HEHWIO SABJAETCA SKCIEPUMEHTANBHOE OIpPeleieHne HHTep-
Ba0B B (M3WIECKOM MHpe; OHO [JacT HaM METPHKY Mupa
TEOMeTPHIECKOr0. JKCIePAMEHTANBHOE M3YICHHEC W3MEHCHHUS
IJIMHE BEeKTOpa, MPHU eT0 MapajlieJbHOM IepeMeIeHNu, JacT
HaM BO3MOKHOCTH ONPEJeNINTh MAcHITa0HbII- BEKTOP TeoMeT-
prmieckoro mupa. Ho, Kpome yKasaHHBIX OPOCTeHIIUX IO Uee
9KCIIEPMMEHTOB, MOYKHO, IIOMOIIBI0 HKCIIEPHMEHTAJILHOI0
H3yYeHus NWOBIX WHBIX CBOMCTB (PM3UYECKOTO MHpA, cesaaTh
OnpeJieIeHHOe B3aKJIOYEHNe O MHpE TeOMEeTPUIECKOM; BCS-
Kuii ¢usmuecKmii 3aKOH, COTVIACHO WOCTYJaTa WHBAapUAHT-
HOCTH, ompeneanr coGoil HEeKoTOpoe COGCTBEHHOE CBOWCTBO
TeOMeTPpUIEeCKOTO MHUpa; u3ydasd Kakoi-nmbo Quamdeckuii
3aKOH 9KCIIEPHMEHTAIBHO, MBI T€M CaMEIM, YCTAHOBHM OIpe-
JleIeHHOe CBOMCTBO TreoMerpuueckoro mupa. 3axom Hrloroma
BCEMUPHOT'O TATOTEHUA MOCH YR JAHIMITOHHY [ BHIACHCHAA
MeTPHKH MHpa, a 3aKOHBl JJIEKTPOAUHAMWKY JalH BO3MOMK-
Hocth Weyl'o ompenenuTh He TONIBKO METPHKY MHpA, HO U
ero MacmTabHBI# BEKTOp.

3. Ilpmanun mHepUUM JeNHUT [ABIZKEOHUSA MAaTepPHAIbHEIX
TOYEK Ha /[BA KJacca: OJHAM COOTBETCTBYET MUPOBAS JIMHUA —
mpsAMasg  TeOMETPHYEeCKOT0  MHpa,— 5TO [BIKEHHA  II0
UHepyul; y APYTUX ABIDKEHHN MUPOBAasg JWHEA He €CTh Ipsi-
Masg — 9TO JBIDKeHWSA nod Oeticmeuem cua. Cuia, NefCTByIO-
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mas B TAKOM JBIDKEHHM, XapaKTepHU3yeTcss 0COOBIM 4ACIOM —
Maccoll MaTepruaTbHON TOYKM, OTIMIAOIMUM OJHY MaTepHalb-
HYIO TOYKY OT KPYIOil, v 6eauyunamy (CpaBHA YCKOPEHNA), om-
pefeslomuMy  CTeeHb OTJANYAA MHUPOBOM JIMHWM HAIIero
OBIKEHUA OT OPAMOH MHpa.

HeBo3MoxHOCTE M3yYNTh reoMeTpHICCKMI MHp, ¢ obmeil
TOYKH 3peHHs, 3acTaBider mnpuberars K psAAy TUHoTe3 o6
ero Merpuke m ero coiicrBax. Haubomee ysxoit u3 3TmX rm-
moTe3 MABISETCA THUIOTE3a CTapoil MeXaHWKM, CIYATAIIAdA,
9T0 TeoMeTPpHIeCKMIl MHUD ecmb 26KAUJ060 UembipexMepHoe
npocmpancmso. B pamMkax crapoil MeXaHMKH HET MecTa 3HKC-
TIEePAMEHTAIBHOMY HUSYIeHUI0 MeTPUKM Mupa, m60 oHA oOI-
penesieHa Hamepesn ykasamHo# rmmore3oil. Marepma, cocros-
mas W3 TATOTEIOMYX MAacC, ¢ TOYKM 3PEHHS CTApOH MeXaHHKH,
o0namaeT CBOWCTBOM BCeMHUpHOTO TsAroTenus. Marepma, co-
cTOAmAas W3 HIEKTPOMATHUTHHIX IIPOLECCOB, YIPAaBIAETCH
ypaBHEHAAME 3jeKrTpogumHaMukn. Teopmsa JiHmTEHHA MONIL-
ayercda y;xe ropasgo 0ojdee IWPOKOH, HEKeIU crapas Mexa-
HUKA, TUOOTe30H O TeoMeTpUH MHUpPA, THMOOTE30H, KOTOPYIO
MHl Ha3HBAIU eunomesoli msasomenus. I'eoMeTpudecKuit Mump
mpefmoJiaraeT y;Ke He 9SBKIHOBEIM, a 0ojiee IMMPOKHM —
pEMaHOBEM. Haiuunocms msaeomenwusr macc suavieaem AUULD
Osudcenue no uHepyulu, M, 3HATWUT, CHIA BCEMHUDPHOT'O TATO-
TeHWs ABAsfeTcA JIHmMb Kaxymeica cmioit. Haxomenm, mer-
pUKAa OPOCTPAHCTBA CBA3HIBAETCA C BEIMIMHAME, XapaKre-
PU3YIOIAMA MaTepPHIO, OCOOHIMEA MUPOSHLMU YDASHEHUAMU.
Wsyuasn skcmepuMeHTaNbHOE [BWKEHHE TATOTEOMHAX Macc,
MHEl ONpPEeJAM TeM CAMBIM METPHKY TeOMeTPHIecKOTO MHpa.

Teopua Weyl’ss umer eme mamsime Teopum OHWHMITeHHA.
I'momoresa Weyl’sas, masBammas HaMm zunomesoli mamepuu,
cocrour B cuaegyomeM. CoriacEHo rumorese Marepmum (mpu
HAJIAYHOCTH TATOTEONHAX MacC X 3IEKTPOMATHATHHIX IIPO-
IecCoB), BCAKOe IBIDKEeHAE MABISAETCH ABIWKEHNEM IO HMHEp-
Ou|, a MeTPUMKAa MEPA U ero MacmTaGHEA BEeKTOpP ompeelsa-
I0TCA O0COOKIMH MUpPOBHMHU ypaBHeHHAMH. Bce cBoicrBa Ma-
Tepu: (COCTOAMmEH W3 HIEKTPOMATHUTHHX IIPONECCOB) HOIY-
9al0TCA U3 TeOMeTPHIeCKHMX cBoiict8 Mupa. Hem Huueeo,
EDOMe 3MUX 2e0MEMPUUECKUT C80LCME MUDA.

Teopnsa JiEmTeiHA ONPABALBACTCA HA OHEITE; OHA 00BAC-
HAET cTapHe, KasaBmImecAd HEOOBACHUMEIMY SBICHUS W Hpef-
BUIHT HOBHE NOpPAa3UTeNIbHHE COOTHOMEHWs. BepHedAmwmii m
Haubosee rayGoKumi cmoco0 WM3yYeHHUsI, OPH IMOMOIHA TEOPUHA
JiiHmrTeliHa, TeOMETPUHM MEpA U CTPOoeHHWs Hamei Bceaemmoi
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COCTOUT B HPUMEHEHHMH 3TOM TEOPUU KO BCEMY MHUDPY U B HC-
HOJb30BAHUA ACTPOHOMHMUECKUX wucciaemoBanuii. Iloka »ToT
MeToJ] HeMHOTOe MOKeT JaTh HaM, mO0 MaTeMaTHIeCKHI aHa-
N3 CKIAILIBAeT CBOE OpY’)Kue mepen TPYTHOCTAMH BOIPOCA,
M acTpPOHOMHYCCKEHE HMCCIENOBAHHA HE [JAOT eIme JOCTATOYHO
HAJEKHOM 0asel IJIA DKCIePMMEHTAJIbHOTO H3ydYeHWA Hameil
Bceenernoit. Ho B arumx o0crosaresnbcTBax Helb3d He BHUAETH
JHMIb 3aTPYMHCHUHA BpPEMEHHBIX; HANIM IIOTOMKH, Ge3 coMm-
HeHWs, Y3HAIOT XxapaxrTep Bcelemmoit, B KoTOpOil MBI o00Ope-
4eHHl JKHUTh... VI Bce ke myMmaercs, 9To

Vi3aMepnTh OKeaH TIIIYOOKUIA,
CouecTpb HECKH, JIy4H ILIAHET,
Xora m Mor OB yM BBICOKHH —
Tebe wmcma m Mepn Her!

5 cemmasabps 1922 e.
e. Hempoepad



HOCJAECJOBHE

JTa KHHMTa BBHIOLIa MHOTo Jer Haszax — B 1923 romy. Oma
mosBmiach Ha cBer Bllerporpajie B [HH, KOTHa TOMLKO HAYH-
HAQJIM BOCCTAHABIUBATHCSA HAYYHBIE CBSA3Y, PAasOpBaHHLIE H0J-
roit BoitHOM. B To Bpems, Korma numn HeMHOTHE (HU3UKK 3HA-
JIM 0 HOBOH TeopMHu, B TePOMYECKOM I'OpOJie COBEPIIAeTCS Ie-
PeBOpPOT B MOJIO[OM HayKe — IepeBoporT B HambGoiee TPYA-
HOM, PeBOJIONMOHHOM €e pasjelie — pPeJATHBUCTCKON KOCMO-
aormr. Hemenmwwmit mypman «Zeitschrift fiir Physik», rme
aybaukoBanachk Gonpmas 9acTh GUBMIECKUX HCCIASTOBAHAN,—
moxyqun B 1922 r. pyxonucs «O KpUBH3HE MPOCTPAHCTBAY.
BuiBogEl, K KOTOPHIM HPHUIIEN aBTOP CTAThH, OBIIM HACTOJHKO
HEO)KUaHHHI, 9T0 caM JHWHIITe#H YCOMHHJCSH B WX CIOpaBefi-
amBoctu. B crarbe yTBepKIadoch, YTO METPHWKA IPOCTPaH-
CTBa — BPEMeHM, T'eoMeTpHs HAmero MEUPAa, HM3MEHAETCA CO
BpeMeHeM. JIAIMb ceMb JIeT CIIyCTA 3TO OTKpPHITHE OBLIO MOA-
TBePKIEHO HAOIIOMeHusAMY, Korma Xab0s oTKPHLI sSBIEHHE
pasberaHusi TaJaKTHUK.

Craresn «O KpuUBHM3He IIpocTpaHCTBa» OBLIa HAIMHCAHA
Anercannpom AnexcamgposmieM DpuamanHoM, KOTOpOMY B
TO BpeMA Oblio 34 ropa. 9To MMA BNEPBHE TOrAa HPO3BYdIalo
B ¢mamre. A. A. DpugMaH He OJVH MHTEPECOBAJICH TEOPETH-
geckoit ¢uamkoit. Ero crarplo mepeBes Ha HeMENKWH A3BIK
B. A. ®ox, B cnopax ¢ ditmmreitaom ee orcroan 0. A. Kpyr-
KoB. H sromy ke Kpyry mnpunamiesxan B. K. ®Dpepmepuxc,
II. A. Jlykupckmit u apyrue ¢usuxu. B sro e Bpems B
Ilerporpage magumanu paGorars A. @. Uodde, . U. Dpen-
keap, I1. JI. Kanuna. Bcee onu cocraBuiu Ty GiiecTAmMyIo mie-
ARy, KOoTopas CosHajia BeJMKONCNHYI0 HAYYHYHIO INKOIY.

OnHuM W3 BaskHBIX el OBLTO BOCCTAHOBJICHWE W3 aHMUSI
Hay9HOH Jureparyphl. B 3TH TOABI ¥ MOSBIAIOTCSA TepPBHIE
KHHTM 1o ¢usmke. Bmecre ¢ «Teopmeil orHocHTenbHOCTHY
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Bopra B ¢Ber BEIXOMUT 1 WHHTra 06 obmicit TeopHH OTHOCH=
rexpHOCTH — «Mup Kak mpocTpaHCTBO U Bpems» 1. OgHoBpe-
menno @puaman Bmecte ¢ DpemepuKCOM HAYWHAET H3ABATH
u Goapmoii kKypce «OCHOBH Teopwum OTHOCHTEIbHOCTHY. K co-
JKAJeHMIO, M3 IATH 3a[yMAHHBIX BHIIYCKOB B CBET BLIIeJ
mums  opuu®. Cyns6a ocTaJbHBIX BHIOYCKOB HEW3BECTHA.

OGe KHUTM HHCKOJBKO He «IIOCTpagasm» oT BpemeHu. Wx
celigac TaKKe MOJE3HO UMTaTh, KaK M TOTMA, KOTQa OHU OLLIH
HAIWCAaHbl, MPHUILIOCH JVUNIH CAEIATh HECKOJIBKO IIPUMEYaHmil
H CCHLIOK.

Yurarenb, KOTOPHIA 3aX09eT Y3HATH O JAAJLHEHINEM pas-
Butnu uieit OpumMmana, MOKET TPOYECTh CHEMHAJBHBII HO-
Mep sxypHama «Ycmexum ¢usmgeckux Haye» (1. 80, BRI 3,
1963 r.), IOCBANMIEHHBIN 75-JETHIO CO [HA €r0 POMKICHHSA.
B sroM HOMepe moMemieHH TaKKe X cTaThu camoro Mpmmma-
Ha 0 KPHUBW3HE MHpa XM BOCHOMUHAHHUS 00 YYCHOM.

B zaxmouenme mpuBefeM HECKONBKO HaT W3 KOPOTKOM
yusHu Amekcangpa Anercanpposwaa @puamana. Om popui-
ca 17 mionss 1888 r. B IlerepGypre. IlepByio cBoio pabory
on omyGaukosanx B 1905 r., 6ymyuu eme rumurasucroM. OkoH-
qus B 1909 r. IlerepOyprcxuil ymusepcurer, OH ocTaeTcsa Ha
kagenpe maremaruru. G 1913 r. om paGoraer B IlaBimoBcKoii
asposormieckoii obcepBaTopHU.

C 1914 r. A. A. Opunman ma ponre. Tam oH Bemer mccie-
goBaHuA mo 6GoMOOMETAaHMIO, MPOBOJAUT HCIEITATeJbHEE II0-
JeTH (OH ¥WMeJ 3BaHWE JeTIMKa-HAOGII0IaTelNs), BemeT Mere-
OpoJIoTHIECKHEe HAOIIO[eHNS.

B 1918 r., mocae BosBpamenus B Mocksy, A. A Opug-
MaH moxayd4aeT HazHadeHuwe B Ilepmckwmit ymumsepcurer. Boc-
cTaHoBiIeHWE YIeOHOM IKUSHM B 5TOM YHUBepCHTETe —
B 3HAYUTEJIBHON CTENEHY €ro 3aciayra °.

B 1920 r. A. A. Opuaman Bosspamaerci B MockBy.
B 1922 r. Beixomsar B cBeT jBe ero paboTH: ofgHA — II0 KOC-
Mosoruu (o Hedl MH yKe ToBopwin), apyrag — «OmwiT rum-
POMEXaHMKH CKHUMaeMoil kmpkocTm» . B mepBoit ms Hux
OBLIM BaJIOMKEHBL OCHORBI DEJIATUBUCTCKOM KOCMOJOTHH, BO

1 NapareasctBo «Hayka u mxoma»r. Ilerporpam, 1922.

2 UsngatenbctBO «Academia», 1924.

3 Tlucema A. A. ®pupmana, B gactHocTH ¢ porta m u3 Ilepmm,
onybiaukoBans B «Tpygax WHCTATYTa MCTOPHH eCTECTBO3HAHWA W TeX-
HEKID), T. 22, ctp. 324—388. OHN falOT ApPKOe mpefcTaBieHue 06 aK-
TUBHOM JIeATeNBHOCTH HUX aBTOpA.

4 Tlepemsgana B 1934 r. mox pepmakuueit H. E. Koumma.
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BTOPOii— OCHOBHI TeopeTwaecKoii Mereopoxoruu. Uma Dpua-
MaHA CTAHOBUTCA IIUPOKO M3BECTHEIM.

OH 6OBJI ONHAM W3 TEPBBIX YYEHHIX, IPEJCTaBIABIIUX CO-
BETCKYI0O HayKy 3a pYyOexoM.

B mnocaenmume romml swusmu mETepech A. A. Dpuamana
KOHIEHTPUDPYIOTCA BOKPYT Mereoposorunn. B despame 1925 r.
0H cramoBurcs gupeKropom ImaBHO# reodmsmaeckoit obcep-
Baropuu. Bckope oH coBepimaeT peKOPAHEIA HmoJeT HAa BO3-
aymuoM mape (a Beicore 7400 M). B aro mamGomee miopo-
TBOPDHOE BPEMA eTO [eATEABHOCTH M CIYIMJIOCHh HeCIaCThe:
A. A. Opugmar 3abomeBaer OpIOIMEEIM TEPOM, KOTOPHH M
yHocur ero B Mormiy (15 cerrabps 1925r.). B ogroM 13 HeKpo-
IoToB OBLIO CKasaHo, 9To AnexcaHnap Anexcamppomd Dpun-
MaH (meJAUKOM oTfgaBaix ce0sa Hayke; oH pafoTal YIOPHO
caM z TpeboBall ymopHO# pPaboTH OT CBOMX YYeHHKOBY.

A. A. Cmopoduncruli
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