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B 310t KHHreé pacCKa3blBaercs O MareMaTHUYECKHX H
thu3H1eCKIX OCHOBAX TEOPHH OTHOCHTEABbHOCTH.

3HayuTebHAs Ce yacTh NOCBALIEHA TeOMETPHH. 31ech
H3JaraloTcsi JOTHYECKHE OCHOBBI 3TOTO pasfiena MaTeMa-
THKH, ONHCHIBAETCA HEEBK/AHJ0OBZ [EOMETDPHS, TreoMerpus
4eThiPEXMEPHOTO NPOCTPAHCTBA, 3aTPArHBAIOTCA H UEKOTO-
pble Ipyrie BONPOCHL.

Bojpiuioe BHHMAHHE YHeJeHO OGCYKAEHHIO TOYHOFO
NIOHATHS BpPEMeHH H CBS3aMHLIX ¢ HiIM [apafoKcos, a
TakXe TOHSTHIO ABHKeHHA H NPOCTPaHCTBEHHO-BpeMeH-
16 cucrembt, B mocsaenseff yacTH KHUCH  ONHCHIBAIOTCA
CaMBble OCHOBHbIe NOHATHS MEXaHuKi, OCHOBAaHHOHK Ha TEO-
PilH OTHOCHTebHOCTH DifiHwTelHa.

Hznoxenye noAakynmaer csoeit mnpocTtoTofi H - 4er-
KOCTbIO. DTa KHura, 6JecTdllle HalucaHuad KPYNHLIM Yie-
HbIM, HECOMHEHHO, AOCTABHT YIOBOJbCTBHE BceM Jobure-
JaM MaTeMaTHKH ¥ QH3UKH.

Pedarkyus autepatypel N0 MaTeMATULECKUM HAYKAM

Ot penaktopa

ABTop 37101 HeGoablioil KHuru, Poabd Hesannnuua, —
BbiAAIOWKACA MATeMaTHK, COeNHaNucT N0 Teopud (QpyHkuui
KoMIUIeKcHOro nepemeHHoro, C ero uMeHeM CBsizaHa COBpe-
MEHHas Teopust MepoMOp(HbIX (PYHKUHH, KOTOpas Hrpaer
OueHb BaXHYIO pOJb B MaTeMaTuyeckoM aHasauze. P. He-
BaH/HHHA sBJAseTcss npodeccopoM YHHBepcHTera B Xeab-
CHIKH, npe3unentoM PHHCKOIO MaTeMaTHUeCKOro C0l03a; B
1959—1962 rr. oH 6bla npe3nneHToM MexXiyHapoxHOro Ma-
TeMaTHUYeCKOro coi03a.

Kaura, usgaraipoiias coaep:kaHue oOiefOCTYNHBIX JeK-
IHH, KOTOpble aBTOP YMTaJ B YHHBEPCHTETaxX XeJbCHHKH H
Hiopuxa, nocesigena TeOPHH OTHOCHTENBHOCTH JifHlnTeiiHa,

Ha pycckom s3bike MMeeTCst MHOIO XOpOHIMX KHHT Ha
3Ty TeMy (HEKOTOpDble M3 HHX MepeudcsaeHH B CINHCKe JiH-
TepaTypul Ha crp. 223—228), yacTb H3 KOTOPHIX TaK¥Ke HpHU-
HaJJIEXHUT Nepy BHIAAOHIMXCS YyyenbiX. Mbi Hajgeemcs, uTo
H 3Ta KHHra 3aliMeT cpeau HHX nocToiiHoe Mmecro. OHa Ha-
nycaHa coBceM MNpPoOCTO, AJST ee UTEHHUst NOCTATOUHO CcBeje-
HHF, M3JaraeMblX B Kypce cpenell wxoawbl. OT mpyrux
KHUI' 110 TEODHH OTHOCHTEJLHOCTH OHa OTJHYAETCS TeM, UTo
rlaBHOe BHHMaHHe B HeH ypensieTcst OGIMM HAeaM, npexie
BCEr0 MaTeMaTH4eCcKHM, JeXalluM B OCHOBE TEOPHH OTHO-
CHTEJNBHOCTH.

B cooTtBeTcTBIIM ¢ 3THM B KHHIe J0BOJbHO Gersio roso-
pHTCa 00 IKCNepHMeHTaNbHBIX MOATBEDKAEHNHAX TeOpHH OT-
HOCHTEJBLHOCTH, NOUYTH HHUEro He roBopuTcs 06 ee MpaKTu-
HeCKHX NpHMeHeHHAX, HO oO0ilefl KoHLeniuuH (reomerpuue-
CKOr0) MpOoCTpaHCTBa NOCBsiIEHA 4yTb Jd He [OJIOBHHA
KHHIH, NpHYeM CBA2aHHbie ¢ 3THM KpyroMm npobaeM uHcTO
MaTeMaTHUYeCKHEe BONPOCH HUCKYTHPYIOTCH 3HaAUHTE]BHO
noppobHee, ueM QH3HUECKHe 3IKCNePUMEHTH, Jexallie B
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OT PEJAKRTOPA

ociioBe Teopud IJhHmTe#iHa, Cam HeBaHAWHHZ B KOHue
KHHWTH TOBOPHT, YTO €r0 HHTepecoBa]o He ToOJbKO (a Mo-
KeT OBlTb, HaxKe He CTOJNIBKO) CO3[aHHe TeOPHH OTHOCH-
TeJLHOCTH, HO H OOUIMH XOA Pa3BUTHs TOUHOTO eCTECTBO3HA-
uua. B uactHocTH, 0oH 0cofeHHO nmopuepKHBAEeT 3HAUEHHe pe-
LI2lOUIHX IOBOPOTOB B 3TOM PasBHTHH, MX CBf3b H B3auUMO-
aeiictsue. B vHTepecyomeM ero Kpyre Bonpocos Hepanmunna
OTMeuaeT CeMb TdKIX INOBOPOTOB: cO3naHHE JpeBHerpeue-
CKHMH TeoMeTpaMi coBpeMeHHOH nefyKTHBHOI CHCTEMBI reo-
metpuy (EBKAMA); BO3HMKHOBEHHE COBpPEMEHHBIX (H3HUe-
CKHX BO33peHHit Kak pesyabraTa o00OUieHHsSI H3BEeCTHBIX
¢aktos (Konepuux, Kensep, anuseir); coznanue menyx-
THBHOH MaTeMaTH3HMPOBAHHON CHCTEMBI TOCTPOSHHA TOUHOTO
ecTecTBo3HanuaA — HH3KKH 11 actpoHomun (Hbioton); Bos-
HAKHOBeHHEe HOBBIX KONUENUHH NPOCTPpaHCTBA, NOJOKIIBIIEE
KOHEl YBepeHHOCTH B JOTHYEeCKOH CHHHCTBEHIIOCTH €BK.JIH-
nosoft reometpun (JloGauesckufl, Boitan, Fayce); cosnanue
TEODHH <HCKPHBJEHHBIX» npocTpaHcts (Punan); BO3HHKHO-
BeHHE ujaexd 06 eJAHHOM NPOCTPaHCTBEHHO-BPEMEHHOM KOH-
THHYYMe, NOJAUMHEHHOM cucteMe npeolGpasopanuii JlopeHua
(Ofnwreitn, [lyankape, Muukosckuit; 1905); poxneHue
Haen 00 <«HCKDHBAEHHOM» TPOCTPaHCTBEHHO-BPEMEHHOM
KOHTHHYYME, BKJANOUAIOIeM ABJEHHS TpaBHTallHH KaK (ak-
TOpbl reoMeTpHYecKoro nopsaka (Diawreiin; 1916). Hpu
9TOM TEPBHLIM MATH H3 3THX CEMH HaYUHBIX MOBOPOTOB OH
yleJseT HHKAK He MeHbllle MeCTa, YeM NOCJAeHHHM ABYM, He-
NOCPEJICTBEHHO CBSI3aHHBIM ¢ TeOpHeHd OTHOCHTeJbHOCTH.

boavmioe puumaune P. Hepauanuna ynenser oSuiedu-
nocopekum npofaemaM, CBA3aHHHIM € KOHLENUHMAMH Bpe-
MeHH M NMpOCTPAHCTBa, a TaKXKe MeTOAHUYECKHM BONMpocaM,
KacaluinMes npenonaBanus mMateMaTuki H dusuxu., Coot-
BETCTBYIOLIHE CTPAHHLBl KHUTH, BhIPaXKawUIME TOUKY 3pe-
HHUST BUAHOTO YUe€HOrO, NpeacTapsioT Geccrnopublii uHTEpec.
Onnaxo B NMPOTHBONOIOKHOCTL CTpaHHLaM, Ha KOTOPHIX H3-
JlaraloTCs MatemMaTHuyeckHe TeopHH M (H3uuecKHe (akTel,
K 3THM CTpaHuuaM cjeayeT OTHECTHChb C HM3BECTHOH poJjeil
KpHTHIU3MA 1),

) O ¢uaocodpernx sonpocax, CB3alibX ¢ Teopnefi OTHOCHTEb-
HOCTH, CM., Hanpumep, cOopu#k [41] B cnMcke uTEPAaTYPH! B KOBUE KUHTH,
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OT PEJIAKTOPA

OcnoBuast yeab, K KOTOpoil cTpeMuTtcs aBToOp, He CO-
OGLUNTb uHTaTeNI0 HOBble (PaKThl, a 3aHHTEPECOBATb ero
HOBBIM Kpyrom Hpuefi, npo6ynuth ero nuiTJHBOCTb H HHTe-
pec. Dtoi ueau P. Hepauaumuna Bnosse KocTuraer.

K pyccxomy HamaHMIO KHHIH TIPHIOXKEH COCTaBJIEHHBI
PeaKTOpOM CHHCOK AOTONHMTETbHON JHTEepaTypHl — OH MO-
JKeT OKasaTbCsl MOJE3HBIM 4YUTaTe/i0, MOXKeNaBIleMy Mpo-
JIOIXKHTb O3HAaKOMJ/IEHHE ¢ 3aTPOMYTHIM 3/€Ch KpPYroM BO-
npocos. Has yno6cTsa 3TOT CHHCOK JIMTepaTyphl pa3GHT Ha
JIB€ UacTH; MOXKHO CUHTaTh, 4TO pasjgesa A 3TOoro cmHcka
CO/LePKHUT HONOTHHUTEILHYIO JuTepartypy K raame I «ilpo-
CTPaHCTBO», a pasxen b-— aurtepatypy Kk ocTaibabBIM Iia-
BaM xkuurd HeBanaunuel. Pexakrtopy npunannexar raxxe
HEKOTOpHIe NOACTPOUHBIE NPHMeualusd.

H M. fleaom



NMpeancnoeue aBropa

Ha py6exe neBsTHaZuatoro W ABafuaToro CToJeTHi
Haya/JacCb HoBas 31noXa B ucropun dusnxu. B 1900 r. Make
IMnank (1858—1947) cpoeil runmotesofi 0 KBaHTax s3aJjo-
HKWI OCHOBY coBpeMeHHoll Teopuu atoMma. [Iate JeT cmycTa
Anpbepr DfinmTedin (1879—1955) onyGaukoBas cBou
nepsele pafoThi MO TEOPHH OTHOCHTEJNLHOCTH.

Teopus DfHIITeiHa [0 OCHOBaHWA NOTpsAcAa Torjati-
HIO0 KapTHHy mupa. OHa cpasy npusJjexsa K cefe HeoObly-
Hoe BHUMauue, Bo30yauaa Gosbliol HHTEpec, HO OJHOBpe-
MEHHO BCTpeTHJ/a M Pe3koe ConpoTumJeHue, B TeueHue je-
CATHJIETHI HOBaf TEODHs OKHBJEHHO [HCKYTHDPOBa/iach
cpeaH (H3UKOB, MaTeMaTHKOBR u ¢uaocodoB. OCHOBHHE
PUHUKITEL TEOPHH: OTHOCHTEJIbHOCTb BpEMeEHH, NOCTOAHCTRO
CKOPOCTH CBeTa, NPHUBHIETHPOBAHHOE MOJOMKEHHE 3TOH CKO-
pocTH Kak HanboJbliedl W3 BCeX BO3ZMOMHBIX — OTKJIOHSAOT-
CA OT NpEeXHHX MpelcTaB/eHHi, OAHAKO He COAepxaT B
cebe HHuero Npou3Bo/IbLHOrO. Muen HOBOH TeOpHH opraHnue-
CKH CBsi3aHBl C KJIaccHuecKol Ppuankoil 1 HenzbexHo NONK-
Hbl OblIH BeIpacTH Ha ee nouse. B pBanuaTeix rogax Te-
KYUIEro CTOJIETHS TEOPHS OTHOCHTEJBHOCTH OKOHUaTe/IbHO
3axpelnja CBOe M0J0KEeHHEe B Hayke.

Jucxkycenst 0 TeOpHH OTHOCHTE/BHOCTH B HauaJje CToJe-
THA NPOUCXOJHJIA He TONbKO B Kpyrax cnennanuctoB. Oxu-
B/IEHHOE YYacTHe B HeHd NpHHA/Ja TaKxe WHpoKad ny6nauxa.
Wpen Dimintefina sBAA/NNCH B KakOH-TO Mepe CeHCauuOH-
HBIMH, B 3Ta HX uepTa yCH/AMBanach MPHBJIEKAOHIHM Ha-
3BaHHeM («TeOpHst OTHOCHTE.IbHOCTH»). BmecTe ¢ TeM 3TO
HasBaHHE NaJjo0 MOBOJ K Helopa3yMeHusaMm. B camowm neje,
TeopHio DfiHilTellHa MOXKHO OBLIO NOHUMATb KAK CBOEOG-
Pa3Hy10 NONBITKY MOATBEPAHTbL CTAapylo HCTHHY: BCE B 3TOM
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NPCAUCAOBHE

Milpe otnocuteabio. OnHako Ha3BaHue «TEOPHA OTHOCH-
TeJbHOCTH» BHOJHe o6ocHoBaHO. [loHATHe OTHOCUTEALHO-
CTU JeHCTBHUTEJNbHO C1OMT Ha IHepeiHeM HJjalle TEOpHI
DfnmreltHa, OXHOBpPeMeHHO [Jalouiell BeCbMa TOYHO Ouep-
yeHHoe u pe3ko AndhepeNuHpoBaHHOe TeopeTHYecKoe No-
CTpoeHHe (PU3HUecKOl KapTHHBI MHpa.

bosee nan Medee IosHoe oOBJaleHHe Teopueil OTHOCH-
TeJAbHOCTH TpebyeT OGWIHPHLIX (PH3HYECKHX H MaTeMaTHue-
CKHX 3HauHil, Ee Tounoe nocTpoenne BO3IMONHO TOJLKO
C NMOMOLIbI MeTONOB BhIcUIeil MaTeMmaTiixu. Ho mmenno no-
STOMY TIONBITKA H3JIOXKHTL HPHHLUH{B Teopusu DitHwrelina
Takxe I/s LWIHPOKHX KPYroB 4HTaTesdell sBJIgeTca O0COOEHHO
npuBieKaTeabtoli U Baxuol 3agauefi. OcHOBHbIE HIell Teo-
pPHH OTHOCHTEJBHOCTH OpTaHHUeCKH CBf3aHbl ¢ (yHmaMeH-
TafAbHBIMI BOMpOCaMy, KacaloU{iiMHCA HPOCTpaHcTBa, Bpe-
MeHH H [BHXKEHHsi II ¢ JaBHHX BpeMeH BO30Y:KIABLIMMH Ue-
JioBeveckylo mblcab. IlpaBunbHOe npedcrtaBieHHe O TeOpHH
OTHOCHTEJILHOCTH MOKHO INOJYVYHTh, TOJAbKO 3Hast HCTOPHIO
uieil Teopun npocrpanctsa M Bpemexnu. Ilpu rTakom nox-
X0Jie BBISIBJAIOTCH 00CTOATENbCTBA, 3Hadellie KOTOPLIX BhI-
XOIHT fanNexo 3a NMpefens MaTeMaTHUeCKHX H (PH3HUYECKHX
TEOpWH 1 3HaHHe KOTOPHIX BecbMa BaXKHO N/1f NOHHMaHUsA
NPOUCXOXKIeHHsT YesiOBeUeCKHX MOHATHHA M upeil

Hactoamas KHura axpecoBaHa B MepByl0 ouepenp He
clenManucTaM, a IIMPOKHM KpyraM uymrareneil, HHTepecyio-
IIMMCH TeopHell OTHOCHTeJNBHOCTH. A NMOHHMAaHHS H3J0-
XKeHHst TpebyloTcs 3HaHMs IO MareMaTHKe H (u3lKe, He
BHIXOZfAIIHE 32 NpeNesbl NporpaMM cpenHel IIKOJBI.

raIABA 1

MpocTpaHcTeo

§ 1. Buaumoe, nan BocnpuHuMaeMoe, NPOCTPAHCTBO

l'eomeTpus 3aHuMaeTcs onpe/ieeHHEIMH HEH3MeHHBIMH,
T. €. HE 3aBHCAIHUMH OT BpeMeHH, GopMaMi H cBoOHCTBaMi
npoctpadcTsa. HekoTopble H3 TaKuX T€OMETPHUECKHX siBJe-
UMl MBl HaBsiofZaeM B 3TOH ayAuTOpHN. 3aHuMaeMmoe €10
noMenieHde HMeeT GOpPMY NPAMOYTOJABHOrO NapaJiesent-
nena. Ilocnemnuit orpanideH IECThIO MJOCKOCTSAMH: ue-
THIpbMA CTeHaMli, MOJOM H HOTOJKOM. DTH MJOCKOCTH Ile-
pecexaTCs NonapHo BAOADL JBeHasnuaTH npsameix. Onpene-
JIeHHBIE TPOKKH 3THX NPAMBIX NepeceKaiTcss B BeplUMHAX
BOCbMH YIVIOB ayAxdTOpuH. MBl NpHBETH HarAsgHble TpH-
Mepbl OCHOBHOIX IAEMEHTAPHO-2COMETPHYECKUX 00BEKTOB:
To4eKk, MPAMBIX 1 MJIOCKOCTell,

Hanee Ml 3aMedaeM, 4TO MeXJAYy TEOMETPHUECKHMH
ofbexTaMil CYIeCTBYIOT ONpejeseHHble oOTHOuwtenus. Ha-
npuMep, AJdA 3aJaHHON TOUKM M 3aJaHHON NpsAMON cylue-
CTBYIOT JIBE BO3MOKHOCTH: /in60 «TOUKA JIEKHUT HA Upsamoil»
(npsaMas NPOXOAHT uepe3 TOUKY), JHGO «TOUKa JIEKHT BHE
npaMofl» (npsimasi He NPOXOAUT 4epe3 Touky). Has nByx
OPAMBIX, Jekalux B OfHOH NMJIOCKOCTH, OMSiTh CYHIECTBYET
aJbTepHaTHBa: JHG0 3TH NOpsAMble «NapasiesibHbl» (HE
umMerT ofmell TOukH), MHGO OHH «IIePeceKaioTcs»; B M0-
C/lelHeM cJayyae OMM HMEIOT OJHY-eJHHCTBEHHYIO OGIiyI0
Touky. JlBe mepecekawouluecs MpsiMbleé HAKJIOHEHbH OJHA
K Apyroif 1100 NoJ «IpsAMbiM» YIJIOM, JHOO MOJ «Henpa-
MBIM» («KOCBIM») yryoM. /s ABYX OTpe3KoOB (OTpe3koM
Ha3biBaeTCst 4acTh NPAMOH, OrpaHHyeHHas ABYMA TOUKAMH)
TaKXKe CYWeCTBYIOT JBe BO3MOXKHOCTH: AHO0 3TH OTPE3KH
«MMEIOT OANHAKOBYIO MJMHHY» (KOHTPYSHTHBI), AH60 OHHM
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TJ. 1. TPOCTPAHCTBO

«HMeIOT pasHble AJAHHBI» (HEKOHTPYSHTHBI); B THOCaeHeM
ciydae OJHH H3 3THX OTPEe3KOB «jJiMHHee», a APYrofl «xo-
poue».

DTH reoMeTpHuecKHe sABJeHHs TONUHHSIOTCA OMpele-
JIEHHBIM TeoMeTpHuYecKHM 3axonam. [IpuMepaMH TaKHX 3a-
KOHOB MOTYT CJYXKHTb CJeylomue:

1. Uepes gBe TOUKH MPOXOAHMT TOUHO OIHA NpAMasd.

2. Ilyctp sanaHa Touka P u npsimasi a. B maockocrH,
npoxoxamel yepes P U a, uMeeTcs TOYHO OJHa NpsiMasd,
npoxojAimias depes Touky P u npu 3TOoM mnapasjesbHad
npaMot @ (AKCHMOMa napanJJenabHOCTH).

3. Cymma yrsioB TpeyronbHHka paBHa 180 rpanycam.

4. TlocTpouM Ha CTOpPOHAX NPSAMOYTOJBHOTO TPeEyroJib-
HiKa TPH KBajpaTa, MMEIOWHE CBOHMH CTODOHaMH IHIOTe-
Hy3y H KaTeThl TpeyrosabHuxa. Torpa nJjomanb Ksanpata,
TOCTPOEHHOr0 Ha TUNoTeHyse, Oyner paBHa CyMMe IJIOILA-
Jiefl KBaapaTtoB, NOCTPOEHHHIX Ha KaTteTtax (reopewma [lu-
daropa).

V3 obyueHns B cpepnell IIKOJ€ MBI 3HaeM LOCTaTOYHOE
YUC/A0 JPYTHX aHaJOTHYHBIX HApeNJOMeHu}i, T09TOMY HeT
HYX /Bl IPOAOKATL 3[i€Ch HX MepeduceHne.

MHorue M3 3THX 0pEATOKeHHH HarJasnaHO OUYeBHIHBL
B npaBunvHOCTH 60Jlee CIOXKHBIX NpPeNNOXeHHH Mbl ybex-
faeMcs NyTeM TMpPOCTHIX H3MepeHHH HJAH 3KCNepHMeHTOB.
B uacTHocTH, TaKOli croco6 npuUMeHUM AJs HPOBEpPKH Npa-
BUAbHOCTH TeopeMel [Iudaropa. Hns 3toro HauepTuMm Ha
KycKe MW/IJIHMeTpoBOH Gymard NpsMOYTOABHHI Tpeyrofb-
HHK H TOCTPOMM Ha €rc CTOpOHaxX KBaApaThl; NOACUYHTAB
YucAO KBaApaTHbIX MHJIJHMETPOB, COAepXKauluxcd B Kax-
JOM H3 3THX KBajApaTtoB, Mbl y6eAumcsa (C TOYHOCTHIO, CO-
OTBETCTBYIOLIell BHIOJIHEHHBIM H3MEPEeHHAM), UTO KBajApar,
NOCTPOEHHBH Ha TrunorexHyse, AeHCTBHTeNbHO DaBHOBENHK
CyMMe KBaJpaToB, MOCTPOEHHBIX Ha KarTerax.

Taxmm cnoco6oM MBI MOXKeM HCCJAEA0BAaTH Te FE€OMETpH-
YecKHe fABJEHHs, KOTOPbie NOCTYNHB BOCHPHATHAM HaIIHX
YYBCTB, B MEPBYI0 ouepellb — 3PHTEHbHLIM BOCHPHITHAM;
[I03TOMY Hally NpOCTPAHCTBEHHYIO OKPeCTHOCTb MBI §yneMm
Ha3bBaTb «BHIHMbIM IpOCTPaHCTBOMY», HJM «BOCHpHHHMAae-
MBIM MpOCTpaHCTBOM», MBI mocTynaeM np# 3ToM Tak, Kak
BTO NPHHATO B IMINPHYECKOM, IKCNEPHMEHTaJbHOM ecTe-
cTBO3HaHuH. ['eoMeTpus, Kak NMoxKasbiBaeT ee Ha3BaHHe, nep-
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§ 1. BUAHMOE, HJ/IM BOCNPHHUMAEMOE, IMPOCTPAHCTBO

BOHauanpHO Gbl1a Hayko#l 06 H3MepeHHMH 3eMJIH, cJjejoBa-
TeJIbHO, OHa NpeicTaBAsieT cO0Ol TaKyl e ecTeCTBEeHHYI
HayKy, Kaxk (pu3uka, acTpoHOMHSA, XHUMHA, GHOMOTHS H T. M.
3anaveli KaxJoifl ecTecTBeHHO{l HAYKH Ha 3MIHPHUECKOH
CTyneHH ee pas3BHUTHS sABJAAeTcs cobHpaHue HabJioaaeMblX
tdakToB (u3 obaacti, KOTOPOH 3Ta HayKa 3aHHMaeTes), HC-
cjlefoBaHHe OTHOLIEHHH MexXAy OOHapyXeHHHIMH (aKTaMH
H ob6oOilieHHe BHIABJCHHBIX 3aKOHOMEPHOCTEHl B 3QKOHbLL
npupodo.. B aToM cocTouT W 3axaua reOMeTpHH Ha ee sJe-
MEHTapHOH, aMIINPHUECKOH CTYIIEHH.

Teomerpus no cpoeii npupope OT/AHYaeTCA OT JPYTHUX
ofJacTell ecTeCTBO3HAHMA TOJNLKO OTHOCHTEIBHOH NPOCTOTOH
H 6eHOCTbIO KaueCTBeHHOH CTOPOHBEI H3yuaeMoro ew MHpa
sasjeHuil. C TOUKH 3peHHsi paccMaTpHBaeMoro marepHaJa
reoMeTpusi siBAseTcss HanboJiee MPHMHTHBHON M3 BCeX ecTe-
CTBeHHBIX Hayk. [loaToMmy amnupuueckas reoMeTpHs BpsA
JIH MOKeT BHI3BaTb K cefe TaKol Ke HHTepec, Kak jApyrue
ecTecTBeHHble HayKH (HanpuMep, OGHOJOTHAA), B KOTOPHIX
KOJIHUECTBO MOJAJIEX allliX HCCJIE[OBAHHI0 COOTHOLIEH U 3Ha-
YHTeJNbHO 0oJiblile, a CaMH COOTHOLICHHS TPyhHee HOAAAOT-
Cs 3MIUPHUECKOMY OGHApYKEHHIO.

Eue 6o/ee cioXHble COOTHOLIEHHS paccMaTPHUBAIOTCS B
rymaHuTapHbIX Haykax (Hanpumep, B HCTOpHH). DTH HayKH
3aHHMAIOTCA ABJEHUSAMH, B KOTODbHIX Ha WepPBOM IJaHe
CTOST YeJOBeUeCKHe NOCTYNKH H HX TOCJeACTBHA. 3llech
npeaMeT HCCAeNOBaHHs KaK € KaueCTBeHHOH, Tak H ¢ Ko-
JIHYECTBEHHOIT CTOPOHBl HACTOJbKO CJOXKeH H AHbdepeH-
HHPOBAH, 4TO C TPYLOM [ojajaercs [axe TOJbKO OnHca-
TenbnoMy 0630py. Ewe TpyaHee oTHICKMBaTh B Takux obJja-
CTaX 00lllle, NPHIOAHEE B Jl060M caydae npaBuaa (HanpH-
Mep, 3axOHH HcTopun). FloaToMy B TaKux HayKax NpH Kpu-
THYeCKOM (aHaluTHUYECKOM M CHHTeTHUeCKOM) HccaenoBa-
HUH OTrpaHWYHMBAaIOTCA BBIABJEHHEM H IOJUepKHBaHHeM
TOJIKO TaKHX THIHYHLIX H BaX{HbIX ocoGeHHOCTeH, KOTopLie
MOryT npuBeCTH K {oJsiee TIyBGoKOMY HOHHMAaHHIO BCETo
KOMIJIEKCa TPy HO MOHHMAaeMblX sIBJeHHH.

B cBerte ckasaHHOro MOHATHO, YTO pallHOHa/IbHOE HCCJe-
JOBaHHe TaKuX CJOXKHBIX obsacTefl 3HaHMA He MOXeT nIpo-
H3BOAUTBLCA CTOb COBepIIeHHO, KaK B TOYHLIX ecTecTBeH-
HeiX Haykax. OzHako 3TOT, ec/M TaK MOXHO CKasaTb, He-
AOCTaroOK KoMHeHcupyeTea O6MibulHM u OoJdee Hedocpen-
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CTBeHHBLIM HHTEpecoM, BO3OVKAaeMbIM K cebe 6oJjee CA0XK-
HeIM MHpOM siBJ1eHHH 3THX o6jacreii sHaHHA. KoweuHo, u3-
yueHHe TaKHX CJIOXKHbBIX $fIBJIEHHH He [Q0JKHO CBOIHTHCH
K OecnopsinouHoMy cobupauuio nHab/0geHul; HalpOTHB,
OHO J[0JIXKHO MPOU3BOAHMTHCA pa3zBopUYHBO, C MO3HUHH, 03+
BOJIIIOMINX OTAE/ATb CyllecTBeHHOe OT HecyiieCTBeHHOIO H
ofpamaTh BHUMaHHe Ha [efiCTBHTebHO BakHEle ocofeH-
HoctH. Takoii e moOAXOX K HCC/MeNOBaHHI HeoGXOMHM H B
€CTeCTBEHHHX HayKaxX, XOTs MX MaTepuas 3HauHTesbHO 6o-
Jee orpaHuued. Huxe MBI NpOWAMIOCTPHpYEM 3TO Ha TNpH-
Mepe€ reoMeTPUUYECKHX HCCAEeNOBaHNH,

§ 2. B xako#l Mepe reoMeTpusi nNpaBuabHa?
TIpHHLMN BO3MOXKHOCTM ONBLITHON NPOBEPKH

ITpoponxum paccMOTpenHe 3JleMEHTapHON TeoMeTpHH,

Ha uem ocHOBaHO npejcTas/ieHHe, 4TO Hallly BOCHPHA-
THA H H3MepeHusi B BHAMMOM NMPOCTPAHCTBE AalOT Npasuib-
HOe 3HaHHe reoMeTPHUECKHX sBJAeHUH? Ecau Mbl nonb-
TaemMcs Tny6xke BHHKHYTb B 3TOT BONpOC, TO Cpasy Xe
BCTpeTHMCs ¢ TpyAHoctaMH. ITpoBaemariueH nake Bompoc
O pHpoJe OCHOBHBIX reoMerpHueckuX 0GbeKTOB. BCOMHEM
O NPOCTOM TNPeNJIOKEHHH: «Uepe3 ABe TOUKH MPOXOJUT TOU-
Ho oxHa npsmaf». Jas toro uTofBEl chpenath 3TO INpemJo-
¥KeHHE HarJsAHbIM, PACCMOTPHM B BHAHMOM MPOCTPaHCTBE
Kaxoe-Hubynp siBJeHHe, Nepefailiee TY CHTYalHiO, KOTO-
pas comepxkHTCS B CHeJaHHOM yTBepxXKieHHH. Paccmorpum,
HanpuMep, NpsAMYIO, OrpDaHHYHBAKOILYIO ¢ Kakofl-nHGo cro-
POHBI 110J1 ay[IHTOPHH H COENHHSIOUYI0 BepIIMHH ABYX ee
yraos. Mau oTMeTHM Ha [0CKe MeJOM ZABe TOUKH H COeni-
HHM HX YepTofi mpu nomouiy auHefikH. KoHeuHo, npu 31OM
Mbl CO3HaeM, 4TO HalllH 06paskl «TOYeK» U «APAMON» AHHIbL
BechbMa HecOBepIUeHHO NepenalnT CHTyauHio, CojgepKallyio-
¢ B cHOpMYJHDPOBAHHOM BHIIE TeOMETPHYECKOM IPeiso-
XKeHHH. B caMoM jesie, B reoMeTpHH TOUKa [pejiCTaBAsfeT
coboli Mecto, He HMelOllee HHMKaKHX [POCTPaHCTBEHHBIX
paamepoB, a npsaMas NPeACTaBAsieT cobOll «OHHOMEpPHYIO»
JIMHHIO, HEe HMEWMYIO TOJIHHE H 06/1analomyio, Kpome
TOro, HpHMeyaTe/bHbiM CBOHCTBOM UPAMH3HLL, T. e. CBOIl-
CTBOM OTCYTCTBHA Y Hee KpHBM3Hbl. Mexny Tem 3TH cBOIi-
CTBa TOYKH M NPAMOH Yy YNOMSHYTHIX Bbilie (DH3HUECKHUX,
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§ 2. B KAKOWl MEPE TEOMETPIA NPABIJIbHA?

BOCIpHHHMAaeMblX (HIYp, CTPOro TOBOps, OTCYTCTBYIOT.
Touka, oTMeueHHas Ha [OCKe MeJiOM, KakK Obl axKypaTHO
Mbl €e HHM IIOCTaBH/IH, BCerla HMeeT HEKOTOPYIO TOJILHHY.
Tommunoit objanaer u JHHUA, NPOBeJeHHAS MEJOM. Hauee,
KaKHMH CpencTtBaMM Mbi pacfionaraeM, 4To6bl TPOBEpUTH
NPAMH3HY JHHHKH? Eclu Mbl OTBeTHM, UTO 3Ta JIHHHS NpO-
yepueHa PH 1MOMOINM Xopolue# aHHelixu, T0 npobiema Oy-
IeT nepeHeceHa Ha BOIPOC O mpsiMu3He JHHelKu. [IpaBna,
B NpaKTHKe HMEITCH pasJHuHble CNocoOb, MO3BOJAIOI{HE
npoBepuTb NpAMH3HY Ouanueckux auHUN. Haubosaee Tou-
Hble W3 HHX OCHOBaHBI Ha NpeICTaBJeHHH, UYTO CBET pac-
NpocTpaHseTcsa nPsAmMoAHHeNAHO, Mo KpaliHell mepe B Ge3R03-
AywHoM npoctpancTBe. Ho sinsiercst M npsaMO/IHHEAHOCTD
CBETOBHIX JIyued omnpepeneHneM {c1efoBaTe/bHO, CcOrja-
HIeHHeM) HJI¥ e OHa MOMXeT OblThb cBeJeHa K KakKHM-
aubo apyrum npusHakam upamusae? Ecam mb 6yaem
NPOAOMIKATE 3TH pacCyXJeHUs, TO MomnajemM B 3aKoJKO-
BaHHBIH KpPyT.

Kak 6bi Mbl HH OBITanuch pPas3pemiuTb STH TPYAOCTH,
MBI Bcerna oOHapysHM, B COOTBETCTBHH C HpEXBLILYIIHMH
paccyXaeHHAMH, Clelyrolee:

Haraspnnoe, smmupiueckoe noarsepineHue reometpuye-
CKOTO MpeIOXKeHHA (BCHOMHHM, HanpnMmep, o6 yHoMsaHY-
THIX BHlIE NpensomeHHsax 1—4) ocymecTBasercs nocpej-
CTBOM JIBYX ILIaroB:

Mepperit mar. O6bexTsl U OTHOWeEHHs, COxepkKa-
uiyecst B NpeiJioXKeHHH, CHaya/ja COMOCTaBJASIOTCH ¢ Ha-
FAALHBIMH TOHATHSIMHM, 4TO Je/jaeT CHTYauHw, MpefycMo-
TPEHHYIO MpPeJ/IOXKeHHEeM, HOCTYNHOA YYBCTBEHHOMY BOCs
NpUATHIO Habawonaress.

Bropoit war. Toabko nocne Toro xak pis CHTyauHH,
nojsexaued uccneaoBaHHIo, HafleHO KOHKPeTHOoe I[pef-
CTaBJ/ieHHe, MOMXHO Jubo IHyTeM NpAMOro «paccMarpuBa-
Hiis», B0 1MOCpencTBOM 3IKCIEPHMEHTOB MM H3MepeHHH
YCTaHOBHTb, fAIBJIAETCA JIH YTBEDXKIEHHE, cojepiKaiieecs B
[pe10KeHHH, BePHbIM HJIH HeBepPHBIM.

3HaueHne 3TOro MPHHLUHNA BO3MOXHOCTH ONBITHOH mpo-
BePKH JI/Ist SMIHPHYECKHX HCCe0BaHHH 0COGEHHO noauepK-
Hya busuosor u dusuk dpHer Max (1838—1916), 3anu-
MaBINUACA TakXKe BONDOCAMH Teopuu nosHaHus. C HEKOTO-
pHIMH OrOBOPKaMH HPHHIHMII BO3MOMKHOCTH OMNBLITHO# Npo-
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Ji. 1. NPOCTPAHCTBO

BEDKH SIBJISAETCS BaXKHLIM HHCTPYMEHTOM TO3HaHUs; OH Je-
XKUT B OCHOBE OJHOTO U3 (uJjocodCKUX HanpaB/Jenuil — Tak
Ha3bIBaeMoro NO3HTHBH3MA.

Onrako M3 cKasaHHOro BILE CjAeLYeT, 4To, 0 KpahHed
Mepe B reoMeTpHH, a C COOTBETCTBYIOMIHMH OrOBODKAMH —
B TOYHOM eCTecTBO3HaHMH BooGlie, NpHMeHeHHe NpHHIHA
BO3MOXHOCTH ONBITHOH NpOBepKu He BCerja N{PUBOAHT K
00HO3HaYHOMY pe3yabTaTy. B camoM nese, BcjeACTBHE OT-
MeueHHOH Bblme TpyOoCTH (H3HUECKOTO OCYIECTBJAEHHA
reoMeTpuuecKux OO6BEKTOB HarJfANHOe, KOHKpeTHOe Mpe-
cTaBJ/iedHe JI0GOr0 reoMeTPHUECKOro NpelsioXeHHs BeCeria
6ynerT HeCKOIbKO HeONpedeNeHHBIM 4 pPaChBIBYATBHIM, 4TO
XapakTepHO IS «3MIHpHUeCKOH HeHCTBHTENbHOCTH»; MO-
3TOMY INpOBepkKa YyTBepMKAeHHA, cojepiKailerocs B Mpea-
JA0XKeHHH (BTOpoOH Iar), TakMxe CTAHOBUTCH HeHaJexX-
HOH, OcTaBadACh, B JyullleM cJlydae, B KakHX-TO Ipejesax
TOYHOCTH.

Ilparna, Tax o6CTOMT HesnO He CO BCEMH YTBepHIAeHHsA-
MH, KacaloHIMMHCS BOCNPHHMMaeMOH HaMH [eHCTBHTeJbHO-
ctu. Hanpumep, ecau s ckaxy, uTo B 3TOH Kompare cobpa-
JUCh ueThipe ueJoBeKa WJIM uTO Ha 3TOH J0CKe OTMeYeHol
MeJOM ueThlpe TOUKH, TO BCe NPHCYTCTBYMOlHe, 6€3yc/0B-
HO, OYAYT e{HOAYIUHE B TOM, NPaBH/bHO H/H HENPaBH/b-
HO cleNaHHOe yTBepXIeHHe (B OTHOLIEHHH TOUeX — npy
YC/JOBHH, UTO OHH PACHOJOXKelbl JOCTAaTOYHO JAa/exo OJHa
OT JAPYro#).

HeomnpeneneHHOCTh H HEYBepPEHHOCTb HaUMHAlOTCA TOJb-
KO NnpH mpoBepxe GoJiee TOHKHX cooTHoweHuil. lycth, Ha-
npuMep, TpedyeTcs 3SKCNEpHMEHTaJMbHO IIPOBePUTb, Mpa-
BuibHa Jn Teopema EBxaupa: «CyMmma yrjioB Tpeyrodb-
H1Ka paBHa B ToyHocTH 180°. B Takom cjyuae npexae
BCero, COrJIaCHO NIPHHUMNY BO3MOMKHOCTH ONBITHON NpoBep-
KH, CJelyeT 3aMeHHTb TPeyroJ/ibHHK MOAXoAfAled Qusnye-
ckofl durypoii (nmepeolil war). Ilocse 3Toro MOXHO HauaTh
POU3BOANHTD H3MEPEHHs (BTOPOH wWIar), HCHIOAb3Ys AAA
3TOr0 TPAHCHOPTHD HAH KakKoH-HHOynb Oosee ToUHBIH UpPH-
Gop. PesyabTat 6yzneT noJoxHTe bHBI: CyMMa YIJOB OKa-
kercss paBHolt 180° no kpaiineii mepe B npenenax «OHOKH
nabawoneHus». [Tostomy ecnn Kro-nubo yteepxnan 6w, 410
CyMMa YrJoB TpeyroJbHuka paBHa 179° 10 Takoe yTBep-
K eHne caAef0Bano Obl CUMTaTh IMIHPHUECKH OIpPOBEPTHY-
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§ 2. B KAKOM MEPE T'EOMETPHA INPABIJIbHA?

ToiM. TeMm He Menee rocTaBJieHHas 1leJb — 7A0Ka3aTb mOpa-
BH/ABHOCTb YTBEPXIEHHST O TOM, UTO CyMMa VYIJIOB Tpe-
yronpHuKa paBHa B TouHoctTu 180° ocraercs HexocTur-
HyToW. B camoM Jene, BCJeICTBHe NpUHWIINHANBHO! Heomnpe-
JIeNIeHHOCTH KOHKPETHBIX NpesMeTOB H BOCHPHATHI OPraHoB
UyBCTB, pe3y/bTaThl H3MepeHHst He MOTyT OLITh COBeplIeHHO
OHO3HAUHbI, TO3TOMY €C/JAH YTOUHHUTHL YTBEpiKaeHHe, OTPH-
nawiee teopemy EBkanza, chopMyauposas ero cjeayio-
muM o6pas3oM: «cyMMma YIJIOB TpeyrodbHHKa seHbile 180°
a HMEeHHO B paccMaTpHBaeMOM CcJjayuae MeHbllle Ha OJHY
TBICAUHYIO YIVIOBOH CEKYHHbl», TO OTKJOHEHHE OT TeopeMp
EBknuga GyneT Huxe npenenoB TOYHOCTH HabaiomeHult 1
H3MepeHHH W ero Heab3sa Oyaer o6HapyxuThb. TaxaMm 006-
pa3oM, BONpoC 0 TOM, siBAsercst Ju Teopema EBkauaa
BIIOJIHE TOYHOMH, OCTaeTcst HepelleHHBIM.

C ToukHu 3peHHsI IPaKTHKA TaKOoi Hcyezarouie Matoi He-
olipe/lefieHHOCTLI0 CMeJ0 MOMHO npeHeGpeub. B camom
Hesie, B OoJibllell YacTH NMpaKTHYECKHX 3alad COBeplIeHHO
fe3pas/inyHO, PaBHa JIH CyMMa YIJIOB TpeyroabHHKa B TOY-
Hoctu 180° uau ke oHa OTAHMYaeTcs OT STOr0 3HaueHHs Ha
OJHY THICAYHYIO IOJIO YrIOBOH cexyHiel. WHxeHep-cTpou-
TeAb WJAH Tomorpad Moryt ObiTh BIONHE YLOBJAETBODEHHBI
TeM, UTO paccMaTpuBaeMas Teopema EBkJipa BepHa ¢ TOu-
HOCTBIO, DeccrnopHO HOCTaTOUHOW I 06bIX 3aHUMAIONIHX
UX 3aj1a4. ¥ HUX HeT HUKaKHX OCHOBAHHIl OCTAHAaBJHBATLCA
Ha TOHKOCTAX PacCMOTPEHHOro BEIlIE poja.

IMostomy HeynuBHTeNbHO, YTO HEKOTOPHIE NPAKTHKH CUH-
Tal0T CTOJb KPHTHYECKHH MOAXOJ K KaszaJoCh OBl Hecyiiie-
CTBEHHBIM OCOOGEHHOCTSIM TeopeTHUeckofl Ka3yucTHKOMH, co-
BepUIeHHO HEHHTEpecHOH /51 PeaHCTHUYECKH MBICJASIIHX
aofefl. OnHaKo Takas TouKa 3peHHst CTaBHT TPaHHUBL 15
MblLIJIEHHsT, TPaHHUbl, KOTOphle Ha /J0Jroe BpeMs MOTYT
CTaTh CEpbe3HHM MPENnATCTBHEM [Jst pa3BUTHA HayKu U
NPUTOM TakKXKe B TakuX HaNpaBJAeHHMAX, KOTOPBIE paHO HJH
NO3IHO MOTYT OKasaTb pellaollee BJAMsAHMe Ha NPaKTHKY,
B TOM u#icje ¥ Ha TexHuxky. Kpuruueckuil anaans pacco-
TPEHHOrO Bblllle Xapakrepa Bcerga coo0miasJ HayuHbiM HC-
CNeNOBaHHAM HMMINYJbCH, UPHBONHBLINE K paCUIHperiiio
CAMIIKOM Y3KHMX TpeJACTaBJieHHH M OTKpbIBaBliHe Iepej
HayKoil, a B KOHlUe KOHLIOB Haxe H nepejl NpaKTHKOH, He-
OXKydanibie HOBHE NyTH. BO3HHKHOBeHUe TeopHH OTHOCHU-
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TeIbHOCTH ABJAETCH 3aMeyaTe/IbHBIM [PUMEPOM  TaKoro
pasBHUTHA.

PesioMupys ckasaHHOe Bblllle, MoAYepPKHEM CJeyiOLIee.

OMIMpHUecKas MpoBepKa MPaBHJILHOCTH YyTBepXKIeHHM
KaKo#-nu60 TeopHH (Hampumep, reOMeTpHYECKOH) MOXKeT
NPOH3BOJHTLCA TOJbKO B COOTBETCTBUM C NPHHIHUIIOM BO3-
MOXHOCTH ONBITHOH NpOBepKH (nepBbfi M BTOPOH 1laru,
crp. 15). Onmako pesynbTat Takoro cnocofa npoBepKH
YacTO 1oJiyuaeTcs ONHO3HAYHBIM JHIIb B HEKOTOPBIX Mpe-
desax.

Ecnu yrBepixleHne He corjacyercs ¢ pe3yabTaTaMu H3-
MEpEeH#il cusibHee, YeM 3TO BO3MOXKHO BCJIenCTBHE OLIHOOK
HabaoeHnlt 1 H3MepeHHH, TO ero cJjejpyer CUHTaTh IMITH-
PHYECKH ONPOBEPrHYTHIM.

Hao6opor, ecan yTBep:ueHue OT/iHyaercs OT pe3Y.b-
TaTOB HabaloleHHs CTOMb Majo, YT0 OTK/JIOHEHHS JekKaT
HHXe BO3MOXHOH OWHOKKM HabawojeHus, TO Torjga yrTBep-
KIeHne 803mMoxmHo upabuiabHo. OnHako ero 6e3ycaosuas
NpaBHJABLHOCTD OCTaeTCH HeHoKasaHIIoH,

Takum o6pa3oM, NpHHUHMN BO3MOMKIOCTH ONBITHON npo-
BEDKH MOXeT IPHMEHATbCA CKOpee [Js ONPOBepKEeHHs
Kaxkoro-aub0 yIBepKIeHHS H3 BOCNPHHUMAEMOT0 Mipa
ABJICHHH, YeM N/ ero MOATBEepIKAeHHA. YTBepIKieHHe, UTo
CyMMa YIJOB TpeyronbHHKa paBHa 179°, onposepraercs
pesysbTaTaMH H3MepeHHi. B TO e BpeMs 3KCnepHMeEHT
He 1I03BOJfIeT YCTAaHOBHTb, MPAaBHJIbHO JIH YTBEpXKieHHe
EBk/anna o ToM, UTO cymMa YIJIOB TpeyroibHHKa 8 TOu-
Hocty paBHa 180°. CnenoBatennHo, BOnpoc 06 3mmupHue-
CKOIl TPaBHJILHOCTH eBK/JIMAOBON TreoMeTpHHM oOcTaercs He-
pelLIeHHbIM,

B Tex cayuasx, xorza Heo6X0QuMO H06HBaTbCA yBe-
peHHOro 3HaHHsA, NpHMeHeHNe UPHHUNANA BO3MOMXKHOCTH
OTBLITHOH TpOBepKH OFpaHHUYHBAeTCS TaKXe HeKOTOPLIMH
IPYTHMH OOCTOATEJbCTBAMH, HAMU TIOKa He YynoMHHaBIII-
mucs. O Hux 6yzeT cka3aHO HHKe, B § 6 HacToameH raaswl.

§ 3. MNpencrasasemoe NPOCTPaHCTBO

Mp Bipean, 4ro reoMerpHueckKuM o0bEKTaM u OTHOLIe-
HHAM COOTBETCTBYIOT B BHIHMOM I[DOCTPAaHCTBE KOHKper-
Hbie 06pasbl (Hanpumep, GUTYPH Ha JOCKe), HECOBEPILEHHO
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§ 3. IPEACTABJASEMOE NPOCTPAMCTBO

nepejawillie pacCMarpHBaeMble FeoMeTpHUeCKHe NOHATHS.
B camom pgege, Korga Mbl JlyMaeM O «TOuKe», Mbl HMeeM
B BHAY He MaTepHa/dbHYI0 yacTHly, a MecTO B HpPOCTpaH-
CTBe, HE HMelolliee HHKAKOro NpoTsaXKeHHs. AHAMOTHUHBIM
ofpasom, AyMas o0 «npsMofi», Mbl HMeeM B BHAY He oTpe-
30K, NpPOBENeHHBIH NPH NOMOLIH JHHEHKH, a HacTOALYIO
«IPAMYIO», T. €. B TOYHOCTH OJHOMEDHY0 H HHTAe He
HCKPHBJEHHYIO Jauuuio, Boobllle reomeTpus 3aHHNMaeTcs
reOMEeTPHYECKHMH sBJEHHSMH, HMeEOUUMH MeCTO He B BH-
JHUMOM [UpocTpaHCTBe, a B 0OECKOHEYHOM MMPOBOM IpoO-
CTpaHCTBe, KOTOPOe B HalleM NpeicTaBJeHHH Mbl Hale/dseM
ujeatbHLIMH reoMeTpHUYeCKHMH OO0beKTaMH: TOouKamy, 06-
JaJa0MIMH B TOYHOCTH KaueCTBOM «TOYEYHOCTH»; Nps-
MBIMH, HMEIIHMH TOJIbKO HAJHHY, HO He TOJIGHHY, # MpH-
TOM 00/alaiomHMH  COBEPUIEHHOI «NPAMH3HOH®; NJIOCKO-
CTAMH, T. €. JIBYMEPHbIMH HHT[€ He HCKDHUBJEHHBIMH [10-
BePXHOCTSMU H T, M.

JT0 ujeadbHOe NpocTpaHCTBO Oylem Ha3blBaTh nped-
cragasemolr npocrparcreom. IloHsTie 0 TaKOM NpPOCTpaH-
CTBe BO3HHKaeT B pe3ynbTaTe NMPHMeYaTeJbHOrO BO MHOTHX
OTHOWIEHHAX Mnpouecca aberpakuud. [Jpocnegum 3a sTHM
fpoleccoM HeCKOJbKO nojipolHee.

[lycts Touka BHAMMOrO mnpoctpaHcTBa H300paMeHa
B BHIE MaTepHaNbHOH YacTHUb. JTa yYacTHUA HE ABJSAETCSH
B TOYHOCTH TOYKOH, HO ec/ii Mbl HayHeM ee MBIC/JEeHHO CXKIi-
MaTb, TO OHa BCe Jyulle ¥ Jydlle GylIeT cOOTBeTCTBOBATb
TOMY, UTO Mbl [OHMMaeM [OJ TeoMeTpHUeckoll TOUKOH:
MecTy B INPOCTPAHCTBe, He HMEIOUEMY HMKAKOIro npoTs-
JKEHHS,

Bonee tounoe npencrasiieHHe 0 reoMeTpHUECKOH TOUKe
MOXeT XaTh Cienyouuil npumep. HauepTuM npu nomours
JHHEHKH OTpe3oK @ AauHoW | dm. Paspenum stoT oTpe-
30K Ha JeCsATb PaBHBIX YacTell H OCTAaHOBUM BHHMaHHe Ha
oaHo#t u3 HHX. [lycts 210 Gymer orpesok a;. Ero mnuna
paBHa | ca. DTOT OTPe30K ONATL pa3ne/iM Ha JecsiThb paB-
Hbix uyacrteil. Temepb Mbl HONYUHM OTPE30K dp AJHMHOIO
I un=0,01 om. Ecan Mbl monuiTaemcst npono/KaTh TaKoH
npouecc [HeJeHHs, TO JMOJNKHB OyneM CKOPO MpeKpaTHThb
ero BCJEIACTBHE «HeolpeneseHHOCTH» BHIHMOIO MpOCTpaH-
ctBa. OpHaKO B HalleM NpeACTaB/IAEMOM NPOCTPAHCTBE
He MMeeTCA HHKAKOTO NpensaTCTBHs 18 NPOLOJKEHUS 3TC-
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rJ. 1. IPOCTPAHCTBO

ro mnpouecca: 3Jecb Mbl MOXKeM MOBTOPHTb €r0 HeorpaHH-
UeHHOEe yucia0 pa3d. Kaxpaslii W3 ciaenymoImux Iocjae ag OT-
PESKOB 4y, Az, ... OyleT HaXOAMTLCA BHYTPH NpelblAyiHero.
JnuHa 3TUX OTpe3koB GyneT CTaHOBHTBLCS Bce MeHblle H
MeHbile (Hampumep, ToCAe COTOr0 HAeJeHHS Mbl NOAYUHM
ucue3amuie Majbifi 0TPesOK g AAMHOI 10719 Ou; 370
uhcao H3obpamaercss HeCATHYHOH apobvio ¢ 99 HyaaMmi
nocne 3anaro#). IlocpegcTBoM NOBTOpEHHS TakOro Hnpo-
llecca jJefieHHsl Mbl Kak Obl yJaBIHBaeM «TOUKY», HMEHHO
TY TOUYKY («MeCTO B HmPOCTpaHCTBe, He HMeENIee NPOTHKe-
Husa»), KOTOpas sABJAseTcs: of0ueHd nJs Bcex OTPE3KOB
Qo, Aty o0t

Lanee, ouenano, uTo npsiMas COnepXKHUT GECKOHEUHO
0oJbilloe YHCAO pasAHdHBIX ToYek. MaTeMaTHUECKH M
BRIpAZKAEM 3TO CJAOBaMH: NpsiMas MpelcTaB/sieT co0oi KOH-
TUHRYYM, OHa COCTOHT H3 OGecKoHeuHo OOJBIIOTO dHcjaa He-
NPepLIBHO pacnpeiefeHHBIX Touek, 3anoJHgiomHx ee 0e3s
NPONYCKOR.

ITono6Ho TOMY KakK ToukKa NpeACTaBIAEMOro HpocTpal-
cTBa sABJETCS HAeaJbHLHIM TNpenesbHBIM CJayuaeM KOHKpeT-
HOH TOUYKH, T. e. noJiyuaeTcs H3 mocnenHell nyrem adcrpa-
FHpPOBaHHs OT €e NPOCTPAHCTBEHHOrO NpPOTSXKeHHRn, TaK H
IileanbHas npsiMas [oJydyaeTcs H3 KOHKPETHOro OTpe3Ka
nocJe OTBJEUEHHA OT ero «HecomeplueHcTB»., Toraa B Ka-
1eCTBe CYHIeCTBEHHbIX NPH3HAKOB NPMOH OcTaercd TOJbKO
ee OJHOMEepHOCTb o ujeadbHas NpPIMH3Ha.

OpHako npouecc nepexojga K HieatbHHM ofpaszam co-
CTOWT He TOJABKO B aBcTparvpoBaHuH, T. €. B HCKJIOYEHHH
H3 DaccCMOTpeHHs HeCYLeCTBEHHHIX CBOHCTB BOCHpHHHMAae-
MbiX 06bexToB. On compoBoXpuaercs APYrofl, coBepileHHO
NpPOTHBOMOMOKHOA TenaeHuuefi: nobaBjeHHeM K BOCIDHHH-
MaeMbiM 00beKTaM HEKOTOPBIX HOBBIX CBOHCTE. MBI yXe BH-
fean, 410 Aas npsaMmofl Takoe mo0aB/jeHHe NPOU3BOAHTCH
B HanpaBJeHUH «MHKDOKGCMOCa»: OTPe30K B pe3yJbrarte
MHOTOKPATHOIO OBTOPHOrO JeJleHHs1 NMOHHMaercs KaK KOH-
THHYYM, COCTOSIMHA H3 OecKOHeuHO GO0AbWIOrO
uricsa Todek. OnHAKO KOHKpeTHmil 0OTpe3ok mnpsMoii, Ha-
npuMmep, JIiHHS, OrpaHWYHBAONas [OTOJ0K aVIHTOpUH,
TpebyeT [OMNOJIHEHHS TaxkKe B HalpaBJeHHH «MaKpoKoC-
Moca». B camom 1ese, 0TPe30K MoxKeT OblTh NPOJOJNKEH 3a
npefednl aygHTOPIH, HpaBia, NpakTHUecKH He OYeHb [1a-
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§ 3. MPEACTABJISEMOE INTPOCTPAHCTBO

Jeko. Ho sato B Hamem npexctaBaeHuu Mbl MOXKeM Ipo-
JIOJKHTL €0 HeOrpaHHYeHHO B ofie CTOPOHH, cOXpa-
Hsisl IDH 3TOM ero HAeasbHYI0 NPIAMH3HY.

Takum o6pa3oM, mepexojy OT BHAMMOTO MNPOCTPAHCTBA
K NpeACTaBJAeMOMY NDOUCXOHRHT TOJBKO YaCcTHYHO NyTeM
npoyecca abCTparMpoBaHHA, T. €. HCK/AKOUeHus (C TOUKH
3peHHsl TeOMETPHH) He HMEIINWX 3Hauenus JAetanell ¥ Ka-
4ecTB. B cymecTBeHHOM 3ToT nepexox 06ycAoB/HBaeTcs
TaKkXe KOHCTPYKTHBHMM, MOXKHO CKa3aTh — NPOAYKTHBHBIM
MOMEHTOM.

[Ipu onucaHn¥ npoHCXoXKHeHHs TNOHATHI MOCJeIHeMY
00CTOATeNILCTBY B OfwieM c/ayuae He yIe/serTcst J0CTaTou-
HOro BHHMaHua. OGEBUHO OXHOCTOPOHHE NOAYEPKHBaeTCs
abcTparvpoBaHue, a O JONOMHSIOmeH TeHAEHUHH, Cylle-
CTBEHHOW n/a8 npouecca Hieasin3andi, NOYTH HHUErO He
rosopurcst. Mexny TeM HMeNHO NOCJaeIHHH MOMEHT NpH-
NaeT MOHATHAM H HAeAM HX NOAJHHHYIO «NPOH3BOANTEJD-
HYI0O CHJAY» H [BHTaeT MblieHHe Breped. Takoe nosoxe-
HY€ HMeeT MeCTO He TOJbKO B [eOMeTPHH: aHaJOrHuHBM
06pa3oM NPOHCXOAHT BO3HUKHOBEHME NMOHATHH W B APYIHX
obnacTax, mo KpaliHeil Mepe B Tex cJyuasX, Korga pac-
CMaTpPHBAKTCH He COBCEM TPHBHAJbHBIE COOTHOLIEHHH,

ITpaBna, B npocTeix ciayuasx ofpa3oBanHe NOHATHI
IPOHCXOJUT TyTeM TOUTH OJHOro abCTparnpoBaHHs HJH
uckJloyeHusas. Hanpumep, ofuiee noHATHE «CTyJa» BO3HH-
KaeT H3 MHOMXEeCTBa OTHeJbHBIX CTYJALEB NMyTeM OTBJEUEHHS
OT TeX CBOHCTB OTAENLHBIX CTY/bEB, KOTODPble HECYILIeCTBeH-
Hbl s ocHOBHOH GyHKuuH cryna. Taxumu CcBOHCTBaMi
SIBJAAIOTCA, HalpuMep, uBeT CTyJAa, ero cTusib H T. 0. Kon-
CTPYKTHBHBIH MOMeHT 00pa3oBaHHsa TNOHATHA CBOAHTCA
311eCb K MHHHMYMY — K OTOXJ€CTBJEHHIO OTHeJNbHBIX HHOH-
BHIYYMOB MHOXKeCTBa CTYJ/beB C CaMOCTOATeJbHBIM OGLIHM
TIOHATHEM <«CTyJ/a».

OTa KOHCTPYKTHBHAas# H WAEaJH3HPYIOIAs TeHAeHUHst
0COGEHHO YeTKO pa3BHTa B TeOPETHUECKHX HayKax, mpexe
BCero — B MaTeMaTHKe, IJe OHa Co3HaTeJbHO BO3BeleHa
B paHr DYKOBOAWIEro npuHuuna. Ee MOXKHO NpOCaAENHTDb
TaKXe€ «BHH3», BIJIOTb [0 TON CTYNEHH YE/JOBEUECKOTO 3Ha-
HH#, KOTa BO3HHK/M 3JleMeHTapHbie, «JOHayuHble» [0BCe-
AHEBHbie MOHATHS W npexcTaBaeHus. OCOGEHHO XOPOLIHM
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FJ1. 1. [IPOCTPAHCTBO

NPAMEPOM MOXKET CJYKHTb pacCMOTpeHHBIH Bhllle Npouecc
BO3HHKHOBEHHS TNOHSTHS TpeACTaBJAsieMOro MpOCTPAHCTBA
H3 ABJEHHI BMIMMOIO HpOCTpaHCTBA. 31ech 3TOT Iponecc
npencraBaseT coboit GeccosHaTesbHOE K NIPHTOM CKOpee
NCHXOJOTHYECKOe, YeM JIoTHueckoe siBieHke, Kaxamptil pe-
OeHOK oueHb CKOpO HpHcnocabauBaerca K NOHATHIO npef-
CTaB/NsieMOr0 NPOCTpAaHCTBA aBTOMaTHYECKH, Kak Owl 1O
NpHHYKIEeHHIO NPUPOAb U Ge3 Kakoro O6bi 1O HU OblAO pYy-
KOBOJACTBA CO CTOPOHBI. Korpa OH NPHXOIMT B LIKOJY, reo-
MeTpUuYecKUe OOBeKTH yiKe 3HAKOMbl eMy H KakK KOoHKper-
Hble NpefMeTh], ¥ KaK MBICJEeHHO NpeacTaB/seMble QHIYPHL.
[TosTomy ecau B 1OKOJe CAHUWIKOM A0Ar0 M TOAPOOHO 3a-
HUMAOTCA OnHcaHHeM 3THX HaTJasaHBIX Beuiell, 10 3To cie-
AYeT cunTaTh GOAbIIOH nuuakTHYeckoi ownbroit. CooTBer-
CTBYIOIIME MOHATHE MpeACTaBJAAIOTCS IIKOJbHHKAM CaMil
co60fl pasyMmelolHMUCH, ¥ HeT HHYEro CKyuHee H yTOMHU-
TeNbHee W AJs [eTeH, H IS B3POCJbIX, UM BLICJAYIIHBaHHE
NOJApPOGHBIX UM TNeaaHTHUHBIX pPa3bsiCHeHHUH, KacaloLxcst
Bellell, KoTOphle caylareasM 3apaHee H3BECTHBI H TOHAT-
Hel. I1pu npenonaBaHuy reoMeTpHH Ha NepBbI MJaH HA0JK-
Hbl BBIJBHIrartbCsl C CaMOTO Hauya/ja COBCeM JpYyrHe MoO-
MeHThl. Huxe mbLl BepHeMCs K 3TOMY BOIpOCY.

Kpuruxka kpuruxu

Untatenb, KpHTHYECKH CJEAHBUIMI 3a HaLIUM [130XKe-
HHEM, BO3MOXKHO, He COBCEM COIVIACHTCS € pasjiesieHHeM
«BHIHMOTO NPOCTPAHCTBA» H «NPENCTaBASEMOro MpocrpaH-
cTRa». Be3 comHeHHs, Takoe pe3koe MPOTHBONOCTaBJCHHE
cxeMaTnuHo, QcofeHHO uacTo 3axaeTcs Bonpoc: He o0y-
CJOBJEHO JH M He TNOJUHHEHO J4 TOoHATHE BHIMMOFO i1po-
CTPAHCTBa yXe B KaKOH-TO Mepe CJ/OXHBLUIeMyCs NOHATHIO
IpeAcTaBAseMOro mpocTpancTsa? B H3BeCTHOH cTeneHH
TaKoil BONpOC fipaBHJIes.

OnHaxo 3jmech M He MOMKeM [Jy0:Ke BHHKAaTbh B 3TOT
ponpoc. [Ipu BcsiKOM BBOIHOM H3JOXKEHHM BCerja HeobXo-
JUMO HMITH HECKOJBKO CXeMarTHUeCcKMM IyTeM, Tak Kak
HHaue 3a YacTHMH OroBOpKaMu He OYAYT BUIHB IJiaBHbiE
ocobennoctu. [lpu wuccnemoBanun npobies, CBA3AHHBIX
C MPOCTPAHCTBOM, BNOJIHE OOOCHOBAHO Paz/iu4aTbh BHAUMOE
OpOCTPaHCTBO U NpejacTapiasieMoe npoctpancTBo. Ocobento
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$ 4. BOSMOXHOCTL OIbLITHOI NPOBEPKIL

ueTko 310 nokasas P. Kapran'). Hecmorps Ha Bce BO3-
pa’KeHHs, NpPOTHBONOCTaB/JeHHe OOOHMX MPOCTPAHCTB paer
KIIOU K MOHNMaHHIO H Pa3biACHEHHI0 MHOTHX IipoB.eM.

§ 4. Bo3MOXKHOCTb ONMBITHOH NpPOBEPKH BLICKA3LIBAHMIA
0 NpejAcTaBASeMOM NPOCTPAHCTBE

Corsiaciio cKasaHHOMY Bbillle, BCE BLICKA3bIBAHHS, 4YTO-
An00 yTBepKialomHe O <«ABJEHHAX IPHPOABI», CJA€L0Ba-
TeIbHO, W TeOMeTPHYeCKHe YTBEDXKIEHHs, NOpnJexaT KOH-
TPOJIO NPHHIKIOM BO3MOMXKHOCTH ONBITHO{l npoBepku. Ho
KaK OblThb C BBHIBOJAMH, K KOTOpbIM Hac NPHBOAAT HAUIM
reoMeTpuueckue npejcrasaeHus? Haiume ectectseHHoe BoC-
[puATHE LPOCTPaAHCTBA COOTBETCTBYeT YTBepXKIeHHaM Es-
KJId[a, a B OCHOBE 3THX YTBEpKIEHHH JlexaT HaBs3aHHbe
HaM TpPHPONO# reoMeTpHyeckHe mpenctapiends. He gs-
JASeTCst M 9TO MNOJOKEHHEe N0CTaTOUHOH rapaHTHell TOrO,
UTO HI€asbHOE NPOCTPAHCTBO — e8xAUA080 1I 4TO CHCTEMaA
EBKnna COMepMHUT eAHHCTBEHHO NPaBUABHYIO TEOpHIO
ST0ro mnpocrpaHcersa? Ecnu kT10-2160, 3a4yMbIBaIOIHICH
Hal 3THMH BONpOCAaMH, TOJaraeT, 4TO BCe NepeknBaeMoe
HM B €ro npeicTaB/eHHH, HMeeT JJIsi HEero J0CTaTOUHYHO
JI0Ka3aTeNbHYI0 CHJY, TO 3T0 ero yactaoe peno. OnHako OH
HUKaK He MOXET paccuHTHIBaTh Ha TO, 4TO ero cyOhexTHB-
HOe nosHanue 6yneT NpHU3HAaHO 00'bEKTHBHBIM.

Heo6xomnMo ormeTnts, uTo c/ioBa «CyGBEKTUBHBLI» 1
«OOBeKTHBHEI» YacTo yNnoTpeGJAiOTCH HeCKOAbKO JErko-
MBIC/I€HHO, (e3 BIOJIHE CHOTO OTY4eTa O TOM, UTO CJefyeT
IIOHHMATEL MOJ 3THMH caoBaMi. BooSiie npoTHBONOCTaBJe-
RHe CyGbeRTHBHOIO W OGLEKTHBHOIO IOBOJBHO NpoGsiema-
THuHO. /I He 6yny 3aech GoJblue OCTaHABAMBATLCS Ha 3TOM
ofieM BOIpPOCe, HO BCe JKe IOACHIO, YTO § MMel0 B BHAY,
TOBOPA O NPOTHBONOCTABACHHH CYyGbeKTHBHOTO U OB BLEKTHR-
HOro B paccMaTtprBaemMoif KOHKDETHON CBA3H.

') P. Kapuwan (Rudoli Carnap, pox 5 1891 T.) — aBCTPHIICKHH
mareMatk u Quaocogp. C 1931 r. xuser y paboraer s CIIA. AsTop,
OO-BHAMMOMY, HM€ET p BHiy ero pa6ots «Der Raum. Ein Beitrag zur
Wxssenscha”ftstheorie» (1922), «Physikalische Begrifisbildung» (1922).
Ha pycckuft a3bik nepepesena kuura Kapuama «3uauenne y HeoGXoMN-
Mocrey (M., 1171, 1959); mpoguas cratha K 3Toil KHure COJEPKHT
KPUTHKY puaocodesux Baragios Kapuana, — ITpuy  ped.
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rJ1. 1. IPOCTPAHCTBO

1. Ecnu Kro-nu60 yTBepakjaer, 4TO MPOCTPAHCTBO €B-
KJ1A0BO, TO OH «CyObeKTHBeH», [OKa CBO€ YTBepKIeHHE
00OCHOBBIBA€T TOJBKO CBOMM COGCTBEHHBIM IpeicTaBJe-
HueM. B camom pene, o He MoXKeT GBITh yBepeH, uto Apy-
rie HHIOMBHUAYYMBl BOCHPHHHMAIOT MNPOCTPaHCTBeHHbIE OT-
HOlEeHNs Nono0HbBIM Xe of6pasom. OnHaKo ero Touka 3pe-
Hist BBIHTpaeT B OODLEKTHBHOCTH, €C/IH OHa fyner NpHHaATa
TaKXe JIPYIMMH HHAMBHUAYYMaMH, BO3MOXHO, OHSTb Ha
OCHOBE HX «JIHYHBIX NpeacTaBJeHH».

2. Onnaxko yBepeHHOCTb B NPABHJIBHOCTH TeoMeTpHue-
CKOTO YTBePXKIeHHs HOcTHraeT OoJiee BHICOKOH CTeneHu
HaJeXHOCTH H 00OBEeKTHBHOCTH, €CJIH YTBepKJaeMmasa CuTya-
UM MOXKeT ObiTh «H300paxeHa» WIH «peasli3oBaHa» B BH-
AMMOM MpOCTpaHCTBE M €CJAH  BOCHDHATHS, MOJydYeHHbIe
B 3TOM TIPOCTPaHCTBE, MOJTBEDPMAIOT BbICKa3aHHOE YTBED-
KieHue (nubo HemocpencTBeHHO, MO0 NOCPEHCTBEHHO —
NyTeM BBINOJHEHHs ONpele/leHHbIX 3KCNepHMeHTOB) B mpe-
Aenax TOUHOCTH, KOTOpPhle HeOGXOJAHMO YUHTHIBATh NPH JIC-
00H 5KcrepuMeHTa bHOH NpoBepKe.

Ilo nosody nepsoeo obcroaresscrea. Her Hukaxux co-
MHEHHIT B TOM, YTO €BK/JHLOBO BO33PeHHEe Ha MPOCTPaHCTBO
OueHb IMMPOKO Y/JOBJETBOpSAeT YKa3aHHOMY BbIIIE MOCTY-
7AaTy OOBEeKTHBHOCTH WJH, BepHee, TNOCTYJaTy BHYyTpexued
cyb6veKTUHOCTY. B camOM jejie, 3T0 BO33pPeHHE H COOTBET-
CTByKOIee IOHMMalHe NPOCTPaHCTBA, KOTOpbie, COLAACHO
cucteMe EBkaupna, siBasioTCS eIMHCTBEHHO NpaBHJAbHBIM
yueHHEM O NpPOCTpaHCTBe, FOCMOJACTBOBAJH, HaUHHAs C peB-
HHX BpPEMeH N0 Hauaga npouioro crojerus. Pusnka Hbio-
ToHa u «Kputuka unctoro pasyma» KaHrta Tak cuibno
YKpPeruan aBTOPHTET 3TOrO0 BO33PeHHs Ha NPOCTPAHCTBO,
4YTO, Ka3aJioch, He MOFJIO OCTaBaTbCAd HHMKAKOTO COMHeHHS
B €r0 MPaBUABHOCTH,

Tem He meHee HalIHCh MaTeMaTHKH, KOTOpHle He yio-
BAETBOPM/IHCH TaKMM NOJOXKeHHeMm, W HeMHOro 6oJsee cta
JeT TOMY Ha3al BHe3alHO BO3HHK/JIa HeeBKJIHIOBA reoMeT-
pua. ONHAKO HOBBEle B3LVIsLAbi OCTaJHCh COGCTBEHHOCTHIO
MaTeMaTHKoB. Mano uto mnaMeHuJsoch u cefiac. Illupokas
nyG/iuKa, npakTuka H B OoJbluefl 4acTH BONPOCOB TaKiKe
TOUHOE eCTeCTBO3HaNHe MNPOJOJKAIT OCTABaTbCs Ha TOUKe
speHnst EBkauna, XoTsa M3BecTHO, uTO, HauphMmep, B olpe-
HeNeHHBIX BONpocaX (H3WKH, aCTPOHOMHH H KOCMOJOTHH
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yMecTHee OTKa3aTbCsi OT €BKJHAOBOH reoMeTpHH B I1OMb3Y
6onee ofiero NOHMMaHHs HIEH NPOCTPAHCTRA.

B nanbHefilleM MBI YBHAMM, KaKUM 006pa3oM BO3MOXHO
CyllecTBOBaHlle TaKOro napajoKCaJbHO CTPaHHOrc H MNpo-
THBOPEUNBOTO NOJOXKEHUS Bemedl W Kak CjaenyeT NOHUMAaTh
310 nosaoxenne. KpaTtko roBops, cyTh fefa COCTOHT B TOM,
4TO HeeBKJAHAOBA IeOMeTpHs BO3HHKJIA U3 eBKJAHAOBON reo-
METPHM M UTO HEEeBKJMIOBL NPOCTPAHCTBA B CBOHX HeBOb-
KX, NOPOCTPAaHCTBEHHO OTPAaHNHUEHHBIX YaCTAX SABAAIOTCH
npuOJHKEHHO eBKJAMJAOBLIMH H NDHTOM TeM TOuHee, ueM
MeHbllle paccMatpupaeMble oxpectHocTH. [losromy B Takux
TECHO OfDaHMYEHHBIX YacTAX NMPOCTPAHCTBA MOXKHO NpHMe-
HATb OpaBusa EBknuza taxkXe U B TeX ciydasx, KOrga or
HHX OTKa3bBawTCs B HCCJAEAOBAHHAX, KacCalOIWXCS OYeHb
H0JbIINX, KOCMHUECKHX o6JacTeli MHPOBOrO NpOCTPAHCTBA.
Tlonpo6uee mMb BepHemcs K 3ToMy Bonpocy B § 9 u !l na-
CTOAILEH TJiaBhl.

Io nosndy eropozo obcroaresscrea. TIpUHIMT BO3MOXK-
HOCTH ONBITHOH [POBEPKH TakKe rOBOPHT 33 eBKJHIOBO
IIOHHMaHHe npocrpaHcTBa. B nmpaKkruueckoil reoMeTpuH em-
KJIHIOBbl TEOpeMbl NPHMEHHMBI H OHH COBMNajaloT ¢ SMITH-
PHUYECKHM OFBITOM, NpaBia, TOJBKO B ONpeneJeHHBIX Inpe-
JeslaX TOYHOCTH, O YeM MBI yXKe IOBOPHJH BHIIEe B CBA3H
€ OpOBePKON 3MINPHUECKHX yTBepKneHnit. Takoe Xe 1noJo-
KeHHe MMeeT MecTO M B iAPYruX obaacTax 3HaHus, Hanpu-
Mep B 3KCllepHMEHTaJ bHOH (H3NKe, B KOTOPOH Hemocpei-
CTBeHHO HJIH KOCBEeHHO IpeanoJaraercs eBKJAHAOBAa MpH-
pona mpoctpancTBa. TObKO COBpeMeHHblE TeOMeTpHUECKHe
HCC/e/0BaHHA W TEOPHs OTHOCHTEJbHOCTH CHeJald axry-
aJpHLHIM BONPOC O TOM, SIBASETCS JH peadbHas CTPYKTYDa
NpocTpaHcTBa eBKAnnoBoi. OaHako HoBag TeopHst Mpo-
CTPAHCTBA AaeT CTOJb MaJjible OTKJIOHEHHS OT EBKJIHNOBBIX
TeopeM, UTO 3KcnepluMeNTanbHOe pelleHHe BONpoca O Mpa-
BHJABHOCTH TOH W/JAH HHOH reoMeTPHH B BHICIIEH CTeneHu
3arpyAHnTensHo. Jluwb B nocneiHee BpeMms Obiia co3naHa
3KCTepHMeHTadbHAs TEXHHKA, NO3BOJMBILAS YeTKO ycTaHo-
BHTH T€ OTKJOHeHHs OT 3akOHOB EBKnunma, xotopele ofy-
cjioBaeHnl 3PpderTamu O#HINTeHHa, TpenCcKa3aHHBIMH 06-
uefl Teoprell OTHOCHTENBHOCTH.

Kak 6b Hu 06cTORI0 1e10 CO BCeMH 3THMH npoG.e-
MaMH, camble BaxkKHble A8 Halllell TeMbl 00CTOSITENbCTBA
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MoryT 6bITh c)OpPMYJHPOBaHbl B BHAE CJIEAVIOUIHX Tpex Te-
3HCOB.

Bo-niepgsix, onbITHOE NO3HaHMe, NojAyyaeMoe B BHAHMON
M 1peACTAB/IAEeMOM NMPOCTPAHCTBE, NOKA3LIBALT, 4TO EBKIHM0-
BHl IPeJVIOXKEHHs] BePHHl 10 KpaliHeli Mepe NPHO/IHIKEHHO.

Bo-8T0pbix, NPUHUUNHANLHO HEeBO3MOXKHO 3MITHPHUYECKH
I0KasaTb ITOJIHYI0O NpaBHJIbHOCTB HEKOTOPbIX eBKJAHIOBHIX
npensioXeHuil (HanmpuMep, TeOpeMbl O TOM, YTO CyMMa VrI-
JIOB TPEYroJbHHKA B TOUHOCTH paBHa 180°).

B-Tperbux, HM OJHO M3 NPEKHAX UJIH COBPEMEHHBIX Ha-
Ga0eHil He HCKJI0uaeT BO3MOKHOCTH HEeBKANAOBOH NpH-
pOABl IPOCTPAHCTBA.

Obcyocdenye akcuomor HAPAAACALHOCTU

TIpu H3yueHHH eBK/JIHAOBON CHCTeMBbl T€OMETPHH C yue-
TOM BO3MOXHOCTH €e 3MIHPHYecKo#l NpoBepKH OLICTPO 00-
HapyXKIBaeTcs, 4TO OHa COLEDPKUT TOJNOKEHHA, KOHKpeT-
Has TPaKTOBKa KOTODHIX Ha OCHOBe HalIero ecTeCTBEHHOro
BO33peHHsi Ha INPOCTPaHCTBO HeBo3MoxHa. [Ipexae Bcero
Tak OGCTOHT fesio ¢ TeMH Mpel/oXKEeHHIMH, KOTOPHE CO-
JepKaT MOHSATHS, CBsfi3aHHbie C NpeicTaBieHHeM 0 Oec-
KOHEUYHOCTH [pocTpaHcTBa. IIpocTeiM, HO BaXHalM
NPHMEPOM TAKOTO MNOHATHA AB/IAETCA NOHATHE naApastens-
HOCTU NPAMbBLX.

[TapannelbHoe pacnofoxeHue IBYX NPAMBIX Tpencra-
BJsieT co60H 06pa3, KOTOPLIH Mbl «BHAHM» NDH HaUIEM ecTe-
CTBEHHOM TeOoMeTpHuecKoM MpenctaB/]IeHHH NPOCTPAHCTRA,
He oTjnapas npu 370M cefe oTyera B cBoOfCTBAX, ABAAIO-
HHXCS PelalOIKMK 1IpH JOrHYeCKOM aHaJu3e NOHATHA na-
pannespHocTH. DTH CBONCTBA CJaeAYIOliHe:

1. OBe nmapannespHele npsMble @ U b JexaT B OIHOM
IIOCKOCTH.

2. OHH He nepecexaloTcs, T. €. He MMeeTCsl TOUKH, KO-
Topas JIeXHT H Ha NPAMOIl @, ¥ Ha npsMok b.

ITocpenCTBEOM 3THX CBOHCTB MOKHO ONpeNe/]HThL mapadtt-
NeJIbHOCTb. Bynem nmMmeTs 3T0 B BHAY NpH aHaaH3e PyHAa-
MedTanbHOTO npexnoxkenus Epknuga 0 mapajdenbHbix
NpsSMBIX. DTO NpelioKeHne IJacHT:

[lycTb B MJIOCKOCTH HMeeTCH OpsMas a M Touka P BHe
npsimoft a. B TakoM cayuae B 3TOH MJNOCKOCTH HMeercs
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TOYHO OfHa mpsiMas b, npoxoasmas uepe3 Touky P u He
HepeceKkawias npamoii a.

DTo yTBepXKIEHHE KaXeTcs HarjsijHo oueBHIHbIM. En-
KJIWJ TNpunapaj eMmy (TOuHee, YTBepXJeHHIO, uTO 4epes
Touky P npoxomutr He GoJsee ueM odHa npsiMasi b, mapalf-
JleibHas UpsiMOl @) 3HaueHHe AKCHOMbLL, T. €. OCHOBHOZ0
npedionenus, npuHuMaemoro Ge3 nxokaszaTelbcTBA. TeM He
MeHee COepXKaHHe 3TOr0 YTBEPHKAEHHS OCTAeTCs [LO0BOMBHO
COMHHTeMbHBIM. B camoMm jeste, eciu Mbl nonelTaeMcs npo-
BEDUTb €r0 NMPaBHJIbHOCTb 3MIHPHUYECKH, TO Cpa3y e Ha-
TOJIKHEMCH Ha HeBO3MOXHOCTh Takofl nposepxu. {lonpo-
fyeMm TipeACTaBHTb CHTYallHio, NPENYCMOTpPEHHYK [peno-
JKeHHeM O napaJiielbHOCTH, HanpuMmep, JABYMsi CTOpOHaMi

A B
' [24
~—
c D
Puc. 1.

AB u CD npsMoyronbiioro noja aynutopud (puc. 1). d1H
CTOPOHBI KaXyTca napaJiiebHbBIMHM, IO KpaliHeli Mepe oHu
He InepecekalTcs Mexny coboit B npenesax ayAHTOpHI.
Msl MoXeM NpOCJeNHTb 32 HUMH Aajblue, 3a TpejenaMi
HALIero 3aMKHYTOro npocTpaHcTBa. Torna Mbl yBHAMM, 4TO
UX NMPOJOJAKEeHHA TakXe He nepecekawTcs. Ecau Mel 6viem
NbITaTLCA CAEIHTh 33 HX NPONO/KEHUAMH elie Aadblie, TO
B KOHUE KOHUOB OHHM HCUe3HYT 13 HAUIero noJs 3peHHsd,
U MB yXe He OyAem 3HaTh, KaK OHN Tam cebsa Beuyr. Boa-
MOMXHO, UTO Te-TO OUeHL [aJjeKO 3a npeleJaMu ayiuTopHit
OHHM Bce-Takn nepecekyrcs! CrenoBatesbHG, MB He MOXKeM
UCKJ/IOUHTL BOSMOXKHOCTH TOro, 4TO uepe3 TOUKy A Hejb3s
NPOBECTH HH OJHOH npsamol, napanneivHoit CD, a B atoM
clydyae Ta 4YacTb IpeNOMeHHs O mapanjieibHOCTH, KOTO-
pas yrBepxnaer cYm e€CTBOBAaHHe MapalJelbHBIX Nps-
MbIX, 6bl1a 661 ONPOBEPTHYTA.

Ananornunoe paccMOTpeHHe NMOKa3hBaeT, 4To H BTOpOE
yTeepxienne EBkauza, a umenHo uto uepes touxky P npo-
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XOIHUT He 6osee yeM onHa npsiMasi b, mapaJnenbHas a (310
H ecTb eBKJHAOBA aKCHOMa napaJjie]bHOCTH), HE MOXKeT
GbITh IMIIMPHUECKH HENnocpencTBEHHO npoBepeHo. B camoMm
nene, ecM Mbl OyneM cuuraTh, 4ro npsamsie AB u CD na-
pansenbHbl, TO Kak Mbl MOXEM YCTaHOBHTH, UTO B paccma-
TPHBAEMOH MJIOCKOCTH uepe3 Tourky A He NpPOXOAST Apyrde
npsiMele, Takxe napanneasHele CD? HOast toro urobm npo-
BEDHTb 3TO IMIUPHYECKH, TIPOBeleM B IIJIOCKOCTH 1oJa ye-
pes touky A npsmyn a, nepecexawliyio npaMmyi AB noa
yriiom a. Ecau yroan o HeGonbliof, TO npsiMast a He nepe-
ceuer npamoli CD B npepenax ayautopuu. Ecau mb mpo-
JOJIKHM [PAMYIO @ 32 npelensl ayIHTODHH, TO, BO3MOXKHO,
ofHapyxuM, uTOo OHa nepecekaer npsmyio CD. Torna
yTBEPK AeHNHe aKCHOMBI NapaJJesbHocTH OY/eT claceHo, HO
TOJIBKO 1A npsaMoi a. Ecan Hanpasilenne npsaMod a 6yner
OTJIHUaTbCA OT HampaBJeHusd npsMmolt AB Ha yrosa, MeHb-
IWHHA o, TO TOYKa mepecedeHHst HTHX MNPSAMBIX OTOABHHETCS
lajiblue BIPaBO, H TakK KakK 3MHHDHUYECKH Mbl He MOMKeM
apocaesuTh 2a npsamoit CD ckonp yrogHo najexo, To cpasdy
e BO3HHMKHET BOMpOC: HE MOJXET JIH CAYUUTBCH, UTO Mps-
Maf a, eC/H ee HamnpasaeHHe OygeT OTIuYaTbCA OT Ha-
npasieHus AB oueHb MaJo, BooOlle ne nepecever nps-
moft CD.

Taxnm o6GpasoM, HarJsiAHOCTb aKCHOMBI Tlapasieb-
HOCTH OCTaeTcsl COMHHTE/bHOHN, XOTS B TO e BpeMs Mbl
HMeeM eCTeCTBeHHYIO, NpeicTaB/AsIOLyiocs MOYTH HeOoCHo-
PHMOI HaK/JIOHHOCTb CYHTATb €BKJ/HIOBY aKCHOMY Hapalf-
JIeIbHOCTH NpaBHJBHON. DTa Halla Hak/JAOHHOCTb GECCropHO
ABJISeTCA JHINb «ICHXoMornueckuM daxtoM». Haine Ha-
rasipHoe npeacTaBieHHe o6 HMieadbHOH INIPsAMONl HEPazpHB-
HO CBSI3aHO C NPeJCTaBJEHHEM, YT AaxkKe ApU CKOAb YeOOHO
Mmanrom nosopote npsmoit AB Bokpyr Touks A moBepHyTas
npaMas obssartenbHo nepeceder npsmyi CD xots Obl B
OueHb fa/jieKoH Touke,

Beuny oco6oit BaXKHOCTH aKCHOMbBI apaJJiebHOCTH HuC-
cnenyeM HeCKOJbKO NoapobHee, Ha ueM MOXKET GblTb OCHO-
BaHa ee «ecTecTBeHHOCTb». [nsi 3Toli uennm NOTOJNHUM
TOJMBKO YTO PACCMOTPEHHBIH NpHMep MbiCAeHHBIM 3KCHepH-
MEHTOM, KOTOpbifi BoOOuie He npHGaBHT HHYEr0 HOBOTO
K paHee CKa3aHHOMY, HO 3aTO, BOZMOXKHO, MO3BOJIUT JyUlle
NOHATb Npo6JEeMaTHUHOCTb  «HATJSJHOCTH»  €BKJIMIOBOH
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TEOPHH mnapananenbHblX. K 3Tomy 3skcrnepuMeHTy Mol Bep-
HeMCs emle pas HHKe, NpHU 00CYXIEHUH HEeeBKJIHI0BON reo-
MeTpHH.

Esxaudoser kaweau

IMpencraBum ce6e caexyouyw cutyaunio. Ha ropuson-
TaJbHOH NJOCKOCTH (Ha NOBEPXHOCTH 3eMJH) YKpensesHa
BepTHKa/ibHas ctofika OP (BbicoTOlO k), Ha XOTOpYyiO no-
JoxeHa pocka AB (AP=BP=a) Tak, 4T0 OHa MOXeT Mo-
BOpauHBaThCa BOKPYr Touykn P. Ecnu nocka pacnosioxena
NepHeHAHKYAAPHO K CTOHKE, TO onpejesnsieMas € mps-
Mas L ropusoHTanbHa M, CJeHOBaTeNbHO, Hapaie/bHa
CBOel npoekuun X Ha NOBEPXHOCTb 3E€MJH.

Ecnn nocka Hauwer noBopauupaTbes Tak, 4TO ee KOHeEY-
Haa Touka A craHer onyckatbes, TO CHaua/ta HOCKa elle
He KOCHeTcsl moBepxHocTH 3eMau. Ho ecau anmHa a mocku
6yner Gosblile BHCOTH £ CTOKH, TO KOHeyHas Touka A
JOCKH B KOHLE KOHHOB BCe-TaKH KOCHETCH IOBEPXHOCTH
seman B Touke C (puc. 2). ITpu sTom nocka nosepHercs Ha
yroi a=ZAPC=ZO0CP, 1. e. Ha yroa, npoTHBOJeX aIHil

Puc. 2

B NMpAMOYroJbHoMm TpeyronbHuke POC karery OP=%k (ru-
NOTeHy3a 3TOTO Tpeyro/dbHHKa paBHa a). TakuM o6paszom,
B STOM [OJIOMEHHH NOCKH npsamas L yxKe mepecekaer mps-
myio X. Ha Bonpoc, He MOMXeT J1H ciyuuThes, uto npamas L
nepeceuer npamyw X eme [0 TOro, Kak KOHeuHas Touka A
AOCKH KOCHETCst MOBeDXHOCTH 3eMJH, OIIHT He JaeT HHKa-
KOoro oteeta. B camom gese, moxka jgocka PA cBouMm KoH-
oM A eme He KOCHyJacb 3eMJH, Bce ee TOUKH HaXONATCH
B BO3AyXe, T. €. pacio/JoXeHsl Bhllle npamoii X; HO3TOMY
C TOYKH 3DeHHsl 3ajaHHONH KOHKPETHON CHTyauuu Oec-
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CMBICJIGHHO CripalllMBaTh, KaK BeleT cebs npu KavaHHH 10-
CKH ee MbiCJeHHOe NponoJKeHue, T. e. gca npamas L.

CuTyauus H3MEHHTCH, eCJAH Mbl BO3bMeM 0o.ee Oaux-
nyo nocky A’B’ (OA’=a’>0A=a). Tlpn xauaHuu JIOCKH
ee KOHeuHas TOouka A’ KOCHeTCs NOBEPXHOCTH 3eMaH (B TOU-
ke C') panbwe, yem Touka A, upuiem COOTBETCTBYMOULHI
yron mosopota o'=ZA'PC’=ZO0CP Gyner MeHbime
npexHero yraa o« (puc. 2). CiepoBartesbHO, 3TOT BTOPOH
ONBIT NMOKa3blBaeT, uTo Teneph AJs HepeBofa mnpsmod L
B IIOJI0¥eHHe, OPH KOTOPOM OHa mnepecekaer mpsmyio X,
Tpe6yerca HOBOPOT NOCKH Ha MeHbuinii yron (o’ BMeCTo a).
Touka C’ nepeceuenus npameix L u X ygazneHa 0T Hauasb-
Hofl Touxn O Gosbille, UeM B NepBOM OILITe.

OnHako oONATb OCTaercs HepelleHHBIM BONpOC, He me-
pecexaercsi JH BoofpakaeMoe [DpPOAOJKeHHe npﬂm/)ﬂr L
c npsiMofi X npu ellie MeHbIleM yrJe NOBOPOTa, 4em o'

3TOT ONBIT MOXHO HMOBTOPHTb CKOJIBKO yrojgHo pas. Uem
AJuHHee Oyaer nocka (a<a’<a’<...), TeM MeHbIUH
yroa moBopora (a>o’>a”> ...) Oyner npocratodeH Ajas
Toro, utoGH NPHBeCTH KoHeuHyio Touky (4, A7, AY, ...))
JNOCKH B COMPHKOCHOBEHHe C MOBEPXHOCTbIO 3€MJ/IH.

[Mpocaenum 3a sTuMm npoueccoM Adanbine. Ilpu yunnHe-
HHH JOCKM ee TOuKa nepeceyeHHs € NOBEPXHOCTbIO 3eMJH
(C, €, C”, ..) ynanserca or toukd O Bce jaJblile H
lanellle, H HarfjpHoe BOCHPHATHE MOKA3biBAET, UYTO IIpH
NOCTaTOYHOM YBeJHUYeHHH IJIHHBL nockH Toyka C ynanaercs
oT touku O ckosb yrogHo nanexo '). Ilpu atom yroua noso-
pota GyjieT CTaHOBHTbCH BCe MeHblle H MeHblle (o>o'>
>a’’>...). Bosuuxaer Bompoc: Ge3ycn0BHO JH HeoGxo-
JAHMO TPHHATb, YTO 3TOT YroJ CTaHeT CKOAb Y200HO Ma-
JauiM? He nmaer sin Hallle ectecTBeHHOe, HarJIsIIHO-Te€OMETPH-
yeckoe BOCHpHATHE OCHOBaHHe M NPEANOJIONKEHHS, 4TO
CYIECTBYeT CJelylolas BO3MOXKHOCTb: YroJa «, HecMOTpst

') OTo MOXKHO TaKKe BeCbMa NPOCTO [0Ka3aTb, eC/aH [PHHATh,
4TO TeopeMbi eBKJAHAOBO#i reoMerpud BepHbl. [lycTs CTOHKZ HMeer
anuny k=1; torga, coraacio reopeme [Tudaropa, OC=Va*—1.
Ipu weorpanuuenHo Bospacramoulell fiuHE o BeJHuHHa a’—1 Takxe
HeorpaunygeHHo BO3pacTaer, U TO XKe €aMoe HMeeT MecTo W AR KBal-
patuoro Kopus. MHTepecHo, yTo 3TOT PE3y/AbTAT OCTaeTCA BEPHBIM H
B HeeBKAHAOBOH reoMerpud. K 3TOMy 0BCTOATENbCTBY Mbl €llle Bep-
HEMCSl HUKE.
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fa TO UTO B pPacCMOTPEHHOM I[IpoOilecce OH HENpecTaHHo
yMeHbIIaeTcss, TeM He MeHee He npubaMKaercsa CKOJb
yrogHo O/JH3KO K HYJ/10, & CTPEMHTCH K HEKOTOpOMY mpe-
NebHOMY SHAUEHHIO Qg, HE COBMAjawineMy ¢ HyJem?

[TepBas BO3MOMHOCTb — YrOJ & CTPEMHTCA K HYJIO,
KOrna [JHHZ o JOCKH HEeOrpaHHYeHHO BO3pacTaer, — COOT-
BEeTCTBYeT eBKJAHIOBOH TOouke 3penuda!). B camoMm geie,
Torna npamas L Gyper nepecekatb npsimylo X yxe InpH
CKOJb YrOAHO MaJsoM noBopoTe «. CueloBarTejibHO, ToOpH-
30HTa/lbHasA mnupsMas L Oyner eauHCTBeHHo{I npoXxoxsiuedl
uepes P npawmoii, napanneabHoit npamoit X.

BTopas BO3MOMHOCTb — YroJ o yMeHbluaercs, HO TpH
HEOTPaHHYEHHOM YBeJHUYEHHH IJIHHBI JOCKH NpubauKaercs
K IpelleIbHOMY 3HAUEHHIO ¢ %), He COBNAAAlOUIEMY ¢ HY-
JeM, — COOTBeTCTBYeT  «HEeBKJHIOBOH» TOuKe  3peHus.
B camom nene, ecain npsmas L, noBepHYBIIHCH Ha yroa oo,
npuMer nogoxenue Ly, To mocka PA, Rak 6wl anuHHAa oHa
HH Oblia, He mepecedeT npsiMyw X, JeXamiylo Ha MOBepx-
HOCTH 3eMJIH; TO e caMoe §yner H B TOM CJyuae, KOrja
npamas L noBepHeTcs Ha eile MeHbIUME Yroj, 3aHAB npH
3T0M HeKoTopoe nogoxkenne L', CnenoBateabHo, nupsiMas
Lo, a Takxe Bce npsimMble L', npoxoxsuine BHYTPH YIAa di,
orpaHuyeHHOro upamMoiMi L n Lo, OyAyT napasiesabHsl nps-
Moil X, Tak Kak OHH — B NPOTHBONOJIOXKHOCTL YTBEpPMKJe-
HHIO eBKJIHJIOBON aKCHOMB mapasnjefbHbIX — He THepece-
KaloT NOCJeAHI0N PAMYI0. DT0 03Hauaer, UTO yesoBeK, CH-
Asmuid B KoHue A [OCKH, MOMKET CIIOKOHHO KauaTbCa Ha
Hel, He YHapAsch O 3eMJ, Kak 66 OAunHa Hu Goiaa 0O-
Cka, npaBfga, TPH YCAOBHH, YTO KauaTesbHoe [BHKeHHe
[IPOHCXOJUT B Mpejesax MaJoro yraa cg.

Takas cuTyauns cOOTBETCTBYeT 3aKOHaM 3JjieMeHTapHol
HeesKAudoBol 2eomerpur, passutoit Boilau (Bélyai) u Jin-

') Ecau npunate cucreMy EBxanma, To Mb GyneM HMeTb Sin q=
=1/a, Tax xaxk mbt Opunsad k=1. Ecin a Heorpanuuehno BO3pacTaer,
T0 la, crenopateanHo, M @ cTpeMaTcsi K HyMo. Jlerko BHAETb, 4TO
Yroa « A4g ovetis Goqbwinx 3Havenuli a npubauxenso pasen 180%ma,
uTO cocrTaBiser npubansurteasno 60/a yraoswx rpapycos. Ecan BhCoTa
Crofiku pasua k=1 m, a nmmma gockn 2a=120 », To yroa « pasen
TPUMEPHO OXHOMY YrjOBOMY rpamycy.

%) ¥roa o Wrpaer GOBWIYK POJb B HEEBRAMIOBOK reoMerpr Jio-
Gadenckoro. 10T yroa (Tounee, £ OPLy=90°— a) HasbBactCH ya.10m
napa.l1ed6HoCTU, orTpedalonud orpesxy OP.— ITpusm. ped.
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Gauesckum !). DoJsee ray6okoe npoHHKHOBeHHe B JOTHUe-
CKYI0 CTPYKTYpY 3TOH reOMeTpnH NOKa3wiBaeT, YTO OHa Tak
Je OCMBIC/TIEHHA H JIOTHUeCKH HellpOTHBOpeulBa, Kak M eB-
KJAKH10Ba reoMerpusi. ManoxkeHHble BBHINE Har/sjHBE CO-
o0paKeHUus MOKa3blBalOT TaK:Ke, YTO He CYLIECTBYET HHKa-
KOH npuHyXpawoouieii HeoGXOQHMOCTH paccMaTpHBaTh NpO-
CTPaHCTBO 0053aTeJbHO Kak eBKANIOEO.,

Tem He MeHee ocraeTcs (akToM, 4TO Hallla NCHXHKA
HMEeT siCHO BHIpaXKeHHYIO eCTeCTBeNHYI0 HaKJOHHOCTb npel-
CTaBJfATb NPOCTPAHCTBO KaK e6KAuUO080. Boilne Mb yKa-
3aj48 Ha HEeKOTOphle OOCTOATEeNbCTBE, B H3BeCTHOH Mepe
00BACHAIOIHME 3TY HakAOHHOCTb. B naJibHefilleM Mbl 0CTa-
HOBHMCS Ha 3TOH <«eBKIHIOBOH Har/JIOHHOCTH» noixpobuee
B cBeTe OGIUMX NPHHUHNOB, YIDPaBJSIOHIHX 0o6pa3oBaHHeM
NOHATHH M XapaKTepHBIX AJst NMCHXOJOTHH 3TOFO Ipolecca.

§ 5. MpuHunnel, ynpasasionine 06pasoBaHueM
NOHATHI M npepcTaBAeHNiH

B npouecce abcTparnpoBalius M Hieadu3auny, BeaymeM
K [pejCcTaBJeHHio O NpOCTpaHCTBe, BBIIENSIOTCS HBE Xa-
paxTepHbie TeHAEHIHH:

1. YcTpaHsioTcsi HecoBeplIeHCTBA, CBOHCTBEHHblE TIpy-
GoMy 3MIIMDHYECKOMY TeOMeTPHUECKOMY HOAXOAY K CBOH-
CTBAM BHAHMOTO NIPOCTpAHCTRA.

2. OnHOBpeMeHHO TeOMeTPHUECKHe [OHATHA  AONO.-
HAOTCS W pacliMpsaioTca. B pesyabraTe ocyuiecTBasieTcs
nepexox OT BHAMMOIO NpPOCTpaHCTBA K abcTpakTHOMY,
npelicTaBjiseMOMYy NpOCTPAHCTBY.

DTa TeHJeHUHs,, OTUETIHBO BHICTYNAOHIAsi B eOMETPHH,
noKasblBaeT, 4To o06pa3oBaHHe MOHATHH M mpejacTaBieHHH
NONUYHHAETCA cAeAYIoUleMy ofleMy YnpaBJsiolieMy TpHH-
LHIY: uYeJOBEK HMMeeT MOuIHOe cTpeMJieHHe K BbIpaKeHHio
CBoero onwita B #ipocroi Hopme. O6n1acTb NpHMEHEHNsS 3Tol
npocToit ¢GopMbl BhipaXeHHsi ONbITA paclldpsiercs Tak, Yro-
Obl ofecneuynTh MO BO3MOMKHOCTH BCceoODBEMITIONLNE, PUTrO/-
Hbieé BO BCeX ciyuasax «raoba.bHble» BbICKasbiBaHHs#. JTY
TeHJEHUHI0 MOXKHO NpOC/AeNHTb, HAUHHAA C CaMBIX IPOCTHIX

') OrHOCHTENBHO APAMATHUCCKOH HCTOPHH OTKDHITHA HeeBKJIHO-
sofi reomerpun H. M. JloGauenckum, $I. Boitsin u K. . Fayecom ewm,,

wanpumep, kuury B. &. Karanma «Jlo6auescxitii», ykasaHHyio B
CICKe Awtepatypnl Ha cTp. 224, — [Ipun. ped.
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NOBCECAHEBHBIX NpeACTaBTeHHH W KoHUas oOWHMHU H1eAMH
MHDOBO33PEHYECKOr0 XapakTepa, a B €CTeCTBO3HAHUH —
BIJIOThL [0 BO3HHMKHOBEHHUs OOIHX TeOpHil.

Tak naspBaemas reiwrasnbT-ICUX0JOIHA 1) BHecna MHO-
rO SCHOCTH B 3Ty NOACO3HaTeNbHYIO TeHAeHuuw, B caMmbix
pasjHYHBIX CBSI3AX OHA BCKpbLIa MONIHOE CTPEMJCHHE ICH-
XHKM K 06pa3oBaHuo npocteix obpaszos. Ecan B TenmHOR
KOMHaTe nepeMeliaTb 3JMEKTPHYECKYIO JaMMOUKy, lonepe-
MEHHO 3aXKHTaeMyl0 H BbIKJOYaeMmylo, To HabJjiofatenb
BOCIIPHMET AOCTATOUHO 4acTO IOBTOPSAIOUIHECS BCIBILIKH
cBeTa Kak renpepwviguoli npoyecc. Ou OGyner 8uders wemnpe-
PHIBHYIO CBETOBYIO JMHHIO, XOTS BOCHPHHHMaeMble CBETO-
Bhle TOYKH B JeJICTBHTEJbHOCTH 006pasyloT NHUCKPEeTHYIO no-
CJ1e[0BaTeAbHOCTb. DTOT MCHXHYECKHH npouecc HONOJHSET,
HO OJIHOBPEeMEHHO M HieaqH3upyer Hab/lonaeMoe siBJeHHe:
CBETOBad JHHHS BOCIPHHHMAaeTCcs B BHIAe BO3MOXHO 6oJee
npocrozo obpasa, a MMENHO B BHIe UPAMOR JHHHII HJAH
TIpaBUJABHO M3OTHYTOI KPHUBON JHHMH (HalpHMep, B BHIE
KPDYroBoH ayru), HeCMOTPS Ha TO UTO B JeHCTBHTEJbHOCTH
JlaMmnoiKa copepilaer, OblTb MOXeET, HepaBHOMepHOe
CNOXKHOoe nBHKeHne. ClenoBaTesNbHO, Hallle NpencTapjieHne
GeccosHaTe/IbHO HAeaJu3ipyeT MHOMXKeCTBO BCHBILEK CBETa,
BOCIIPHHHMAA 3TO MHOXKeCTBO B BHIe BO3MOXHO GoJjee
1POCTOH HENpepLIBHO JUHKH.

[Mpu soruueckom oOpa3oBaHMM TNOHSATHH MBL BCTpe-
4zeMcsi ¢ aHaJOTHMUHbIM IponeccoM, Gaarogaps KOTOPOMY
onpepedennble HaG/0gaemble HaMH ABJEHHR CTaHOBATCH
L/ Hac CaMOCTOATENbHBIMI, «PeaJbHO CYIECTBYIOMIHUMH»
obbekTamMn u HHAaMBHAyyMamu. [lIpeicraBum cefe, uTo
Ao A, Haxoasimeecs Cpeid Hac, BBIXOAHT M3 KOMHATHI
H YTO CHYCTA MHUHYTY B KOMHATy BXOIHT Jnuo B. Mu 3a-
MedaeM y JHua B uepThl, noxoxue Ha ueprtsl auua A, u
€CJH 4YHC/JI0 TakHX CXOZHBIX YepT AOCTaTouHO Goublioe, TO
MBI 3aKJl0uaeM, uTo JIfo B To xKe camoe, 4TO i Jul0 A,
3a MHHYTY JI0 3TOTO HaXojAMBleecs cpexd Hac. Ilyrem Ta-
KOT0 0T0X0eCT6AeH1A, OCHOBAHHOTO Ha NMOBTOPHOM HabJlio-
JIeHHH CXOJHBIX uepT, BO3HHKAIOT BCe NMOHATHA, H3 KOTOPHIX

!} Tewransr-ncaxonorus (ot Hemeuxoro ciosa die Gestalt —
bhopma, pua, 06pa3s) — nonyaspuoe Ha 3anaje HampasJeliHe COBDEMEH-
Holi NCHXOMOTHH, OCHOBONOJOXKHHKOM KOTOpOro fApasgeres aBCTpHﬁCKHﬁ
neuxonor X, Spendenve (1859-~1932). — Mpum. ped.
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CKJIaBIBAIOTCS NpejicTasielilid 0 pedJbHoM, 00DLeKTHBHOM
BHELIHeM MHD€, He 3aBHCAIeM OT BOCIPHHUMAIOLEro
cyowekta. Ocobenno ueTrko 3TOT npoiyecc HabJonaercs
B MUpe TMpeiAMeTOB #PH 006Da30BaHHH TaK Ha3blBaeMBIX
KOHKPCTHBIX MOHATHI.

[losuruBiier ApreT Max ortyerauBee, yeM KT0-160 Ipy-
Fo# /10 Hero, NPOaHaJH3UPOBAJ TAKOTO POJA MPOLECCH, OCO-
Oeliflo HMes B BI1Y BO3HHKHOBEHWE eCTECTBEHHOHAYUYHBIX
NOHATHIT U Teopuil. B crpemaenuy uesoBeka K 06pa3oBaHUI0
NPOCTHIX, HAIVIAAHBIX H JOTIiUecKHX 06pa3oB OH pacroaHadf
o0uyrft 3aKoli, HA3BAHNHLIH HM HPUHLUNOM IKOHOMUIL npu
00pasosanul noHaTUL,

Oror npuuuui, 6e3 cOMHEHHHA, OTKPbIBaeT BeCbMa BaX-
HYIO H WHPOKyto nepcnexTuBy. Ognako B Toit (opme, KO-
TOpYIO eMy npHAa’l Max, 3TOT NpuHUHN HMeeT, N0 MOeMy
MHEHHIO, HEeCKOJBbKO OANOCTODOHHHE, a HMeHHO C/AHIIKOM
«IO3UTHBHCTCKHM»  xapakTep.  KoHeuHo,  3KOHOMHOCTh
ABJSAETCH KaK B NpaKTiueckoM, Tak ¥ B TEOPETHYECKOM OT-
HOLIeHHH BecbMa BaXkHbiM (hakKTopoM, OJHAaKO Kak caMo-
Heab ona He mumeeT cMmblcsa. Cmbicn oHa npuoGperaer
TONLKO TOrja, Korpa nopuuHeHa OoJsiee BBICOKHM [eNsM,
B cBoem mnpunmiine skoHoMuu MaX HECKOJIBKO O0JHOCTO-
POHHe MOAUEpKHYJ NpeinouTeHHe, OKa3bBaeMoe YeJOBEKOM
npH ofpa3oBaHKMK NOHATHH 3KOHOMHOH# npoctore. B To Xe
BpeMsi OH YJleJIW/i MaJj0 BHHMAHHs AONOSHAIOULEH U HieasH-
supylomell TeHAeHUUH, KOTOpas OpraHHUECKH CBfi3aHa C 06-
pasoBaHueM TOHATHIl M Ha KOTOpPYy Mbt 00paTuau ocoboe
BHUMaHIIe, 00DbsACHAA, KaK BO3HHKAeT MHD MOHATHIL, Mexay
TeM TOJAbKO NyTeM cilHTe3a TeHJeHUMH, lianpaB/eHHbIX,
C OIHOH CTOPOHBI, K IKOHOMHOCTH, a C JAPYroH CTOpPOHHI,
K Hzeanbroil mognore, obpasoBaHue NOHATHH W mpencra-
BJeHHH nproGpeTaeT CBOI TBOPUECKYIO, ABHKYINYIO CHAY '},

Bepuemecst K reomerpuu. PasbscHeHHBle Boiule 006CTOs-
Te1bCTBA [€71aI0T MNOHATHOI NPHTATaTeJbHYI0 CHAY eBKJH-
0Ba npejcTaBleHHss O NpocIpaHcTBe. DTO MNpeiCTaB/eHHe

B Max, 6yayud 3sMOUpuKoOM, He yleasa /JOCTATOYHO BHHMAHIA
3TClf cTopoile nponecca oGpasoBanus nonstuit. IlosTomy or me Mor
npasiIbHO OUEUBTbL Do uO0ef, a CNeloBaTeabHo, ¥ DOJIH Teoperude-
CKHX H MaTemaTH4YeCKHX METOJO0B B €CTeCTBO3HAHHIL

B obnacru mareMarTHYecKMX HayK yKaszadiublii KOHCTPYKTHBHLH
ApUHLIO JOCTHraer CBOeTro nanbosee YHCTOTO BLIDaREeHId B TeoMer-
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Hepa3pPLIBHO CBA3aHO C ONBITOM H BOCNPHATHAMIL, HoJydae-
MbIMH B BHOHMOM npocTtpaHctBe. OpHaKo IIHPOKOe, [0+
Ga/ibHOE BO33peHHe Ha MHPOBOE MNPOCTPAHCTBO eCThb 1PO-
LYKT NCHXHUECKOH TeHAeHUMH BHXOAHTb 34 TecHble Ipa-
Huubl  Gauxafimelt OKpPecTHOCTH M paccMaTpHBaTb 3TY
JIOKa/bHYX OKPeCTHOCTb KaK uyacTb OoJee UIHPOKOro Ie-
JIOrO, yXe He JHONycKaloliero aajbHellllero paciuupeHns.

[Tpu obGpaszoBaHui npenCTaBAeHHA O NPOCTPAHCTBE MBI
ylanaseMmca u3 00J1acTH FeOMETPHYECKOTO OflblTa, OTpaHH-
YeHHON Haweli Onmxafiiell npocTpaHCTBeHHOH OKpecT-
HOCTbIO, U MoMNajfaeM noJl BausHHe Tex o0IHX TeHueHuui,
0 KOTOPBIX WIJia pedb Bolle, Mbl JOMOAHSAEM H HAealH3Hu-
pyeM Haill ONbIT, NPUOGPETeHHBII 9MAHPHYECKHM NyTEM, U
npu 3ToM Gecco3HaTe bHO MOTUHHSIEMCst NPHHLHNY 3IKOHO-
Mud. He moxer OvHTb HHKAaKOro COMHEHHS B TOM, UTO KO-
HeuHblli pe3y/abTaT 3TOr0 Npouecca — eBKAHLOBO BO33pe-
HHe Ha NPOCTPaHCTBO — 3aHHMaeT, ecsid CPaBHHTb €ro ¢ He-
eBKJINJIOBLIMH TEODHAMH NPOCTPaHCTBA, ocoboe NOJOKeHHe,
00YC/I0BJIEHHOE HMEHHO €0 RPOCTOTOL.

B nasnbueiilneM 370 06CTOATEJBCTBO CTaHeT euie GoJee
acubiM. OnHako yme 31ech yMeCTHO NPHUBECTH NpPOCTOll

pun. Tax Ke OTUeT/NHBO BHPaMeH oH B alre6pe M B apuMeTHKe.
Bpax au momno wHaflty ayswwsii npuMep TOro, KaK STOT NPHALUMA
ynpasjser 00D430BAHHEM TEOPETHUECKHX NOHATHH, UEM IPOIECC, Bely-
Wil B apAdMETHKE X NOCTeneHHOMY OOOGLIEHHIO MOHATHA uyucaa, Ha-
Typanphbie wuena I, 2, 3, ... AcmosHAlOTCR MuCIOM HYJdh W OTPHIA«
TEJbHLIMK 4HHCIAMH, 3aTeM JAPOGHBIMM, HPPAUNOHAALHEIMK I KOMIJEKC-
HhIMH qHCAAMH. TakumM 06DazoyM, HECOBCPLICHCTBA NPeAIIeCTBYIOIIEfl
CTYIeHH YCTPAHSIOTCH CO3JAHHEM HOBLIX «HACAIbHBIX» YHCET W IHpH-
TOM TaK, 49TO BCE NpaBuad, NPUMEHABIINECS Ha NPeXBLIYHIeH CTynewy,
COXPaHAIOT CBOIO NOJNYIO CILTYy B pacUIMPeHHOH cucTeMe uuces {«IpHi-
LMD COXPaHeHHMs 3akonoB»). OnHako 37O mociejoBaTenbioe paciuupes
HHE NOHATHA YHCAE [OPOHUCXOAMT HE NPCH3BOILHO, a [0 OrPaHHYH-
TEIbHBIM KOHTPOJNEM <«3KOEGMIUOCTH»: KaMAbii pas BBOIUTCH M HH i-
MaJbHOE KOJMUYECTBC HOBLIX IOHATHI, HMEHHO CTOJLKO, CKOJbKO AO-
CTaTOYHO [/l HCK/HOYEHUA MPEXIHX JOMHYECKHX HECOBEPIIEHCTB. ITO
SKOHOMHUESCKOE TpeGoRatue MOMxeT ObTh BHLINOJHEHO B OOLIeM CJaydyac
TOJBKO OOHUM-€OLHCTBEHAbIM CTIOCOBOM.

Takum o6pasoM, ycmexm Teopud Kak OL 3apaec JeTepMHiHs
pylotes I8 AadbHCHINEro pPa3BHTHA: NM yKA3HBaeTCAd CTPOTO HpeA-
nHcalitbfl nyTh.

[Pazsepuyras xputHka Ouaocodcxnx sozapensii D, Maxa gana
B. M. JlemunviM B ero smaMenutoft xmure «MarepuaiuaM M >MmipHO-
KPHTHUH3M», — [Tpum. ped.)

35



rja. 1. NPOCTPAIICTBO

MBIC/IEHHBIH 3KCIEPUMEHT, HArAsiAHO  MAAIOCTPHpYIolHil
HCKAMUYUTENbHOE TI0J0XKEHHe, 3aHUMaeMOe  eBXJIAOBBIM
npejcTaB/AeHHeM O NpOCTpaHCTRe.

Boo6pasuat, uto mepex HaMH HMeeTCs CTeKJAAHHHIWap,
BHYTPH KOTODOTO HaXOAMTCA MUHHATIODHBIE KHBbIE Cyule-
CTBa, YCJAOBISA XKUSHH KOTOPHIX HHble, 4eM Y Hac. A HMeHHO,
>CIH Kaxoe-1HGo TesJo B 39TOli MHMHHATIOPHOH BcesaeHHoli
ABHXKETCs, TO ApH ero npubiuxeHnd K orpaHuunBaoliell
niap coepHueckod noBepXHOCTH OHO YropauuBaercs. Cie-
JoBaTenbHO, Taxkol xe pedopmauuu 6ymeT NoABeprarbes
0 3TajIOH AJHMHBI, NPHMeHsieMblll BooGpaxaeMBiMu Cylile-
CTBAMH LJist CBOMX H3Mepenn#l. Tax Kak 3TH CyuiecTBa Inpu
CBOEM JBHXEHHH TakkKe YKOPauMBawTCH, TO OHU HE MOTYT
3aMeTHTb YyKasaaHol pedopmaunu. Ilpu ux «passoMep-
HOM» JABHXKEHHMH K OTpaHHYHBaMLieH Llap [OBEPXHOCTH
HaM, HaOJIONAOMHM 3Ty BCEJNEHHYI0 CHapyXH, GYHEeT Ka-
3aTbCA, UYTO OHHM [ABHXYTCS BCe MelJieHHee H MejJienHee.
Tax xak suHeliHble Mepbl B BooGparkaeMoii BCEJEHHOH npu
npubauXenut K cheprHuecKoll NOBEPXHOCTH HeOTpaHHUEHHO
yKOpauuBaloTcss, TO 3Ta OrpaHW4KBaiollasd MNOBEPXHOCTb
HUKOTJa He cMOXeT OBiThb [OCTHIHYTa H3HYTPH, CJeNoBa-
TeJbHO, OHa OYHeT npeicTaBJadATb AJst HIapOBOH BCeJeHHOH
«0ecKoHeuHylo Hanb». Ecau MBl nombiTaeMmcst NPOHHKHYTD
B MHp npejcTaBJeHHil 3THX MHHMAaTIOPHBIX CYILECTB, 10
noiMeM, 4TO OHHM [OJXHbi BOCIHDHHMMATb CBOK BcesjeH-
HYI0, BHYTPH KOTODOH OHM 3aK/IOUeHBl, Kak OecKoHeuHyto,
T. €. TaK e, KaK MBl BOCIpHHHMAaeM Hauy BCeJEHHYIO.
IMostomy nama BooGpamaemasi BceseHHast fABJAseTCs, 10
KpaliHefl Mepe B TOC/]e[HeM OTHOILUEHHH, «eBKAHHOBOM».

B sToM Her Huuero ymusuresnbHoro. Tenepb HeMHoro us-
MeHHM 3Ty BoOGpar)kaeMylo BceleHHYIO. A HMeHHO, nycTb
Ha 9TOT pa3 OHa COCTOMT U3 NPOCTPAHCTBA, 3aKJNYEHHOTO
BHYTPpH CTEKJSHHOIO KOJbHA, T. €. HANOMUHAET BHYTPEHHIOW
oGnacTh aBToMoOuIBHON Kameprt (puc. 3). Onsate npenmnoso-
ZKUM, 4TO B 3TOH BeeseHUo# HaBMIOAAIOTCH NIPEKHHE ABACHUS
HethopMallni, clef0BaTeNLHO, MOBEPXHOCTh KOJAbLa BOCIpHU-
HUMaeTcss BOOOparKaeMbIMH CYUIeCTBaMH, 3aKJIOUCHHBIMH B
3TOW BCeJEeHHOH, KaK «0eckoHeuHnas AaJjb>.

Onanako Jerk0 BHOETb, UYTO <KOJblieBas BCeJeHHAs»
MMeeT CYUleCTBEHHO HPYTyI0 CTPYKTYPY 10 CpPaBHEHH:O
C «IIapOBOH BceJeHHOH» WJH Hallell eBKJAHAOBOH BCe/ieH-
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pofi. Ecain 13 kako#-HuOynb Toukn P Mbl npoBelem 3aMk-
HYTYIO JHHMIO, TO B eBKJAHMIOBOM NpPOCTPaHCTBE MOKHO,
COXpaHfifl Heii3MeHHBIM MNOJIOMeHHe Toukd P, Tak Henpe-
PHIBHO CTATHBaTb NPOBEAEHHYIO JHHHIO, UTO B KOHLE KOH-
ilOB OHa cosbercst ¢ TOuKoi P. B xoJibueBo#l BCeJNEHHOH 3TO
«eBKJHIOBO» CBOHCTBO cobalofmaeTcss He BO Bcex 6e3
HcKaouenns caydasix. IlpaBma, ¥ B 3710f1 BceneHHOM cyile-
CTBYIOT 3aMKHYTble NHHHH (HanpuMmep, AHHUA o Ha puc. 3),

Puc 3.

KOTOPBIE MOXKHO CTAHYTb B Touky P. Ho aToro nenb3s cne-
Jare ¢ JuHHeH f, ONHH pa3 <«OKpyXKawouleh» KOoJablo H
TONBKO TIOTOM BO3Bpalfaluefica B HCXomHYylo Touky. Kak
68l Hu 1eOpMHPOBATHL NETJIO B, He pa3peiBas ee, JAOBECTH
ee LeJUKOM IO HauaJbHOH TOYKH HeBO3MomKHo. Crenona-
TeJAbHO, B 3TOM OTHOLUEHHH KOJsblieBasd BcesleHHas He o0.ga-
1aeT eBKJAHAOBOH CTPYKTYpoit 15,

) Ba:kuas BeTBb COBDeMEHHON FEOMETPHH 3aHHMaeTcs TeOMeTpu-
yecKHMH CBOHCTBAMH, OCTAlOMNMHCA HEM3MEHHBIMI, HJId HHBApHAHT-
BEMM [pH HenpepbisHofi Redopmanun paceMatpusaeMmuix ¢uryp (my-
TeM CTATHBAHHA Wl DacTs:KeHus Ge3 paspsiBa). DTa BETBb reoMeTpud
naspiBaercs ronosceued. ChneloBartesibHO, MOMKHO CKasarth, 4TO eBKJH-
4080 TPOCTPAHCTBO M KOJLIEBOE NPOCTPAHCTBO OTJHUAITCA OLHO OT
LAPYroro CBOHMH TONOJOFHUecKUMH cpofictsami. [O Tomonoruy cM., Has
npuMep, Boaranckuit B. I u EdperMosnu B. A, Ouepx oc-
UOBHBIX HAeH TONOJOrHMN, €6. «MaTematHueCKOe NpocBelllenliey, BHIML. 2,
M., Tocrexusaar, 1957, u nocaenyiomue BLAYCKH. — [Tpus. ped.]
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Kak Had.1iozateqn, Haxolsililiecst CHapYXH KOJbLEBOTO
NPOCTPAHCTBA, Mbl CpPa3y 3ameyaeM €ro HEeBK/JAHIOBY TO-
nosoruyeckyio crpykrypy. Ho kakum 6ynyT cuntaTs CBOe
NPOCTPAHCTBO MuTeAu 3TOH BooGpamaeson BceeHHOMN?
IpeacraBuy cefe, uTO OHM JKHBYT Ha MaJeHbKON naaHe-
Te P, sBasoimedics nas HuX «3emefi». 31ecb OHM 3aHH-
MaloTca reoMeTpHed H acTtpoHoMued, HaO0.J101al0T CBOK
COJIHEYHYIO CHCTEMY H CBOM HEIOABHIKHBIE 3Be31bl, OTMe-
YeHHble Ha pHc. 3 MaveHbKHMH kpyXkamu. [Ipentoaoxiin
Tenepb, uUrto HeGecHbe TesAa KOAbUEBOH BCeJeHHOI pacno-
JIOMEHD! CpaBHUTEbIO 0.1M3KO (C Haweli TOYKH 3peHial)
K «3eme», Tak, Kak 3T0 Nokas3ano Ha puc. 3. Munnatiop-
Hbie CYHIeCTBa KOJbLEBON BCeJEHHOH, NpPOH3BOAR CBOH
aCTPOHOMHYECKHE CC/AEJOBAHHSA C IOMOIIbIO CBOHX TeJje-
CKOIIOB, He OTKPOIOT KOJAbLEBYIO CTPYKTYpY CBOEro npo-
CTpaHcTBa u OyHyT, Ge3 COMHEHMH, CuMTaTb €ro e8xkaudo-
8biM B TOUHOCTH TaK e, Kak Mb — CBOe IIPOCTPaHCTBO.
B camom aese, oHn 6yayT cTpeMHTBCS K HIEAdbIIOMY, «IJIO-
GanbHOMY» TIOHMMAHHIO CBOEro TNpPOCTPAHCTBA, H MPHHLHI
SKOHOMHH NpHMBeNeT HX K NPHHATHIO eBKJAHNOBA NpejcTa-
BJEHAS O NPOCTPANCTBE, TaK KaK eBKJIMIOBO MPOCTPAaHCTRO,
HOCKONbKY B HeM He CyuleCTBYyeT 3aMKHYTBIX TPaeKkTopHi
Tyna f, Npoule KOJbUEBOTO nNpocTpaHcTBa. Jlums mnoche
TOTO, Kax MHHHaTIOpHBle CYLIECTBA HACTOJbKO OBJIajJeioT
HCKYCCTBOM <«KOCMHUYECKOro» mnoJera, 4To CyMeroT Oﬁ.’l@TETb
CBOI0 KOJIbUEBYH BCEJIEHHYIO,” OHH Y3HAIOT, UTO HX Mpex-
Hee, EBKJAHJOBO TOHMNMAaH{e CBOEro MNPOCTPaHCTBa ObLIO
Hesepno. Toabko TOria OHH BBIHYXKAeHB OVAYT NOLyMaTb
0 HOBOM, 0ogee BepHOM MOHHMAaHIH CBOEr0 KO.IbLEBOTO
npocTpaicTaa.

Brino Gl HenpaBiibHO paccMaTpHBATL TaKOl MbICIeH-
HBT 9KCOEPIMEHT TOJbKO Kak urpy Gaurtasumu. B camonm
Jieje, Gbl1b MOXKET Mbl CaMH SABJSEMCH HUTEIAMH KOJblie-
BOfi Bceaenuoll, emle He 3HAIOUIMH O CYIECTBOBAHHU
TpaekTopud Tuna f, Tak Kak Hall OHBIT OrpaHuyed Moxa
CHMIKOM HeGOoJIbLIONH YacTblo Hamuedl BcedeHnofl. ITostomy
BO3MOXKHOCTH DacCMOTPEHHOTO BHIA JOJKHL N0 Cepbes-
HOMY VUHTHIBaTbCA IIPH  HCC/Ie4OBAHMM  11POCTpaHCTBA.
liMeHHO Taxk # CJAYYHJAOCH B COBPEMEHHOH KOCMOJOTHU
nocae TOro, Kax BO3HHKMA OOIast TeOopHs OTHOCHTENb=
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HOCTH, OTKpbIBUIAsi HOBbie NepCleKTUBB TakiKe AJs Hcche-
NOBaHHA TOMOJOTHYECKHX CBOHCTB NPOCTpPAHCTERA.

ManoxkenHsle Bolllle coofpaKeHHdA, BO3MOKHO, HOMOTYT
npaBHibHee NOHATh NPUHYXLAMMLYIO CHAY eBKIHA0BA Npell-
crasaenns o npocrpaucree. Ummanyun Kanr (1724—1804)
B cBoell «KpuTure 4uCTOrO pa3yma» alnpHopid Bo3Bes €B-
KAHJ0BY CTPYKTYPY NPOCTPaHCTBAa B KaTeropuio CBOHCTB,
He 3aBUCHUIMX OT onblta. [laThbaecsT JeT cnycts Hbia ot-
KpPBITA BO3MOMXKHOCTb CYHIECTBOBAHHSI HECBKAHAOBOH Teo-
meTpun. OT Bo33pennst KaHta Ha NpOCTPaHCTBO NPHILIOCH
oTKasarbes. Tem ne MeHee teszuc KaHra nosBoJdsieT MHOTroe
MOHATE.

Ocofoe, «anpuHOpUCTHUECKOE» TOJOXKEHHe eBKAKI0BA
MOHHMaHuA MpoCTpaHcTBa 0O0bsicHseTCs, B CBeTe CKa3aH-
Horo BHIIe, QyHAaMEHTAaAbHbIMH NPHHEHIAMH, YIPaBAIO-
IHMH 06pa3oBaHHeM 4YeJOBEYECKHX MOHATHH. «AnpHopH»
JIeXKUT He B obJacTH JIOrM4eCKOro M ga)Ke He B o0JacTd
paunoHaJbHO NPenCTaBUMOT0; OHO CBOJAHMTCS K «IICHXOJOTH-
4ecKOMYy» 00CTOATENbCTRY, K npeobiaafaromiell TeHNeHUHU
yeJIOBeUeCKOH NCHXHMKH CTPOHTb MHp MNOHATHA Ha OCHOBE
NPHHUMTIOB [OMOJHEeHHs, Hlealu3alil U SKOHOMUM.

§ 6. Jloruyeckast CTPYKTypa reoMeTpun

Jo cux nop MBI paccMaTpHBaJ/JH CHCTEMY 3JieMeHTapHo#
reoMeTpUd Kak SMIMpHUecKoe ydeHHe. Mel BHALaM, 4TO
npexncTaB/icHHe O rN00aMbHOM NPOCTPAHCTBe BO3HHUKJIO Ha
OCHOBe BOCIDHATHII H3 Halllefl J0KaJbHOH OKPeCTHUCTH.
Jna snac 6BLJIO BaXKHO BBIACHUTb fIpelK1e BCero Te obcTof-
TeJbCTBA, KOTOPBIE NPUBEJH K IOHHMaH{IO eBKJIHIOBa Ka-
pakTepa ecTECTBEHHOI'O B3TJigla Ha NPOCTPAHCTBO.

Uto kKacaeTcst BHYTPeHHEH, A02uUYeCKOtl CTPYKTYPbL 1€
MEHTapHOI reoMeTpHH, TO Mbl BDEeMEHHO OCTaBH/u ee 0e3
BCSIKOrO BHHMaHUA. DTOT BOHPOC, a TakkKe [PYrue ¢ HIM
CBA3AHHBIE BOMNPOCH COCTABISIOT NpEAMeT Maremarude-
CK020 K3ydeHus reoMeTpud !).

1)y 3npech aBTOP NPOTHBOMOCTABASET rEOMETPHK) KaK mareMarmde-
CKYI0 AHCUHAAMHY Toll ke reoMerpud Kax raase ¢uanru, (Cpasuurs
¢ BBoaHOH cTaTtbefl K ykaszamuofi ua ctp. 223 kuure [2]) — Hpus. pec.
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Boime (ctp. 12—13) Mbl yke Bupea, 4To Ha 3MOupI-
YeCKOH CTYNeHH M3yueHHs reOMeTPHUH ee IOJOMXKEeHHS BEI-
CTYynaioT KaK He3aBHCHMble, He CBS3aHHBle OJNHH C APYTHM
SMIHDHYECKHE <«3aKOHB NpHpoak». [loscuuM 310 C Ho-
MOIULIO elie ONHOH TeopeMmbl EBkAna:

5. Tpu MenuaHbi TpeyroJpHuka, T. €. OTPE3KH, COENH-
HAIOLIKMEe BepIUMHBI TPEYro/bHHKA C CEepeiHHAMH [UPOTHBO-
JIeXR AKX CTOPOH, NepecekarTcs B OfHON TouKe.

Jlas Toro uro6bl OIMIHDHUECKH NPOBEPHTb NPaBH/Ib-
HOCTb 3TOH Teopembl, HauepTHM TpeyrodbHux ABC (puc. 4),

pasnenum ero cropousl AB, BC u CA nonosam u coeni-
HiUM ux cepemnnsl C’/, A’ u B’ ¢ npoTtupoJexauiiMu Bep-
muHamu C, A u B. Torpa Mbl YBHAHM, 4TO DOJYUEHHEE
TAKUM CNocof6OM  MpsiMble — MenHaHbl TpPeyroJbHHKa —
JNeHCTBUTEJbHO NPOXOIAT yepe3 OnHY U Ty XKe Touky O1).
J10 06CTOATENLCTBO B KakOH-TO Mepe IpHMeuaTenbHO, TaKk
Kak TpH HPOM3BOJAbHBEIE NpAMble B ofiieM cayuyae He obJaa-
JaloT CBOHCTBOM INIPOXOJHTL Yepe3 OgHYy H Ty Xe TOUKY.

IMoayunna nm paccmMatpuBaemast TeopeMa HajexHoe
IMNHpHUECKOoe mnoATBepxKaeHHe? [laxe ecnnm He cuuTaTh
o6cTOoATENbCTBA, OTMEUEHHOrO B CHOCKE, B 3TOM MOIKHO
COMHEBaTbCs N0 CJefylouiefl npuuvHe. BunoMHEHHBI 3KC-
nepuMeHT MOATBEPANJ NPAaBHJABHOCTb TEOPEMHB O Ha OCHOBE
BolUepUEHHOI Bro/He ollpeseieHHON 10 (opme U pasMepam
¢durypol. He MoXeT Jd CAYUHTBCS, UYTO HOJNOKHTEAbHbBII
pesysabTaT NoOJydYeH CJAY4aflHO TOJNBKO [OJsi 6bl4epUerHOl
burypei? B camoM [ene, 3TOT e0uMuYHbLL KCnepUMeHT
enle He rapaHTHPYeET, 4YTO TeM e caMblM CBoHcTBOM oOqaa-

1) B aroM msl yGemjaeMecsi TOMLKO € TOYHOCTLIO, ofecneuuBaenol
HAWIMMH 3DUTEJABHDIMHE BOCTIDHATHAMH. B cBsI3an ¢ »TuM nanomHuM cka-
saynoe B § 1 nacrosuel FiaBbl OTHOCHTEJBHO NPEAENOB TOYHOCTH Ta-
Kux naémolesui,
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IaloT 8Ce BO3MOXKHBIE TPEYrOJAbHHKH HE3aBHCHMO OT HX
pasMepoB ¥ dopmel. Has Toro uTto6H OTKJAOHHTBL 3TO
ABHO 00OCHOBaHHOE cOMHeHHel!), 3KCIepHMeHT I[OBTO-
psieTca aJs emie OQHOro TpeyroabHHka. Uem Gosbine Gyaer
UHCJIO Pa3AHYHBIX MCHO/b30OBAHHBIX TPEYrOJbHUKOB, A/
KOTOPHIX NPaBHJIBHOCTb TEOPEMHBl IKCNEpPHUMEeHTaNlbHO MO/~
TBepx/aercs, Tem Oosblle 6yleT YBepeHHOCTb, 4TO pac-
cMaTpuBaemasl TeopeMa IpencTaBiasieT cofoH 3aKkoH, npa-
BH/IbHBEIF BO BCe X caydasax.

Taxolt nprnem noxasaTesbCcTBa paccMaTpUBaeMOro yIBep-
MEHIsT OCHOBAH Ha UHOYKTUBHOM MeTOOe 3MIUPHUECKOTO
HeclenoBanus. Ecan xakoe-nn6o sBaeHHe NpHUpOAbl NpH
3ajlaHHbIX OAMHAKOBBIX YCJOBHSX BCErhAa BHOBb IOBTO-
psietcs, TO OHO paccMaTpUBaeTcsi Kak BhIpajXeHHe HeH3-
MEHHOTO 3aKOHa NPHUPOALI, BEDHOTO BO BCeX CaydasX, XOTs
9TO HHAYKTHBHOE 3ak/JiueHHe He 6e3ycnoBHO ofszaTelb-
HO. B camom pneqe, naxe ecnn paccmaTpuBaeMoe NpaBHAO
NOJATBEPKAACTCA BO MHOTHX OTHENbHHX CJayyasX, Bce xKe
HE HMeeTCs TapaHTHH, YyTO HOBble ONLITH ONSATb NOATBEPAAT
570 npasuao. CleloBaTeNbHO, HHAYKTUBHBIH MeTON TOJIBKO
NIOKasbuiBaeT, 4T0 MNPaBUIO 8ep0ATHO, HO He aBCOMIOTHO
8epHo. HAYKUNA U CBA3AHHOE C HUM NOHATHE BEpOSITHOCTH
JeXaT B OCHOBE CEPbe3sHHIX (HIOCODCKHX mpoljem H LiH-
pOKHX MareMaTHUeCKHX HCCJefOBaHul (TaK HasnBaeMol
TEOpHH BeposiTHOCTell). B paMKax Hallero u3/oXKeHus
Yy Hac HeT BO3MOXHOCTH OCTaHaBJHBATbCA Ha 3THX BO-
npocax.

C TOuKuM 8peHHs TOCTAHOBKH Halllero BONpOCa ropasfio
BaXKHee JIPyroe o0cTosATeAbCTBO. [/ TOrO uTo6BE [0Ka3aTh
BCeoOUIyI0 TNPaBHAbHOCTL PACCMOTPEHHOH Bbllle reoMer-
pHueckoil Teopemil, BoBce Her HeoGXOAMMOCTH npHberaTsh
K 3KCHepiMeHTalbHO! 3MIHpHuecKoll nposepke. B camom

!} Ecan Kro-subyabp cran 6H yTBEpHIATL, YTO ILIOWALL KBaf-
pata, TOCTPOEHHOro Ha HauboJblIeli CTOPOHE TPEYTroJbHHKA, paBHO-
BesMKa CyMMe IJIOmajefl KBalDaTOB, NOCTPOEHHbIX Ha IBYX JAPYTHX
CTOpOHAX, TO TaKOe yrBepJeHue MOrjao Ol OKa3aTbCs NPaBH/bHLIM,
€CIH Obl HAYEPYEHHBIH TPEYTOJbHHK CayyailiHo 6blLi IPSAMOYIONBHBIM,
Opsaxo st M060r0 KOCOYTOABLHOrO TPEYTOALHHKA 3TO yTBEpXKAeHHe
Gyzer yxe HeEBepRbHIM, B TakoM TpeyroabHHKE KBaapat HauboJbluel
CTOPOHLl @ paBeH cyMMe KBaApaToB [IBYX JAPYTHX CTopoH b u c,
YMEHbUIEHHOf Ha y1BOGHHOe MPOM3BEJEHUE CTOPOHL € W [POCKIHH
CTOposEl b Ha ¢ (06oGmenuas teopema Iludaropa),
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Dese, kaxk nokasan yxe EBkun, sra TeopemMa MokKeT GblThb
0okaszana ¢ MOMOMBIO HEKOTOPHIX APYTHX TecpeMm HJH TOu-
Hee: eC/IM TOJBLKO UTO YNOMSIHVTBIE JPYTHe TeopeMbl npef-
MOJIOKHTh NMPaBUABHHMH, TO M3 HHUX MOMKHO BBHIBECTH TEO-
pemy 5 aoeuuecku, He mnpuberas K KakKHM-1M60 OnbTaM
HJN sMnupuueckuM HabmawoleHusim. Taknm oGpasom HeHa-
JeXHasl SMIHpHYeCKasds HHAYKUHUS 3aMEeHAeTCH MPUTOIHBIA
BO BCeX cayuasX M HaJeXHbiM METOJOM JIOIHYecKod, HAH
MaTeMaTHUeCKOH, dedykyuu,

Takas noctaHoBKa BONpPOCa BHOCUT B TEOMETPHUECKYIO
CHCTEMY COBepuUIeHHU HOBYIO cHTyauuw. Ha smuoupuuecki-
HarasaHoi cTyneHH reoOMeTpPHY4ecKOTO MCCJAeAOBaHHA [eo-
MeTpHYecKne Mnpeptoxenus (P) BolicTynalor B KauecTBe
HE3aBIICHMHBIX OAMH OT LPYroro, Kak Gbl PaBHOLEHHBIX 3a-
KOHOB  npupoisi. JlornueckH-matemaTnueckas  cTyNeHb
HCCJleJOBaHHsE BHOCHT B 3TO co0paHHe 3aKOHOB HOBbIH BHY-
TpeHHnit nopajaok. [Ilpepnoxenuss (P) pgenstcs Ha 1Be
rpynnsl. B nepsyio rpynny sxouart npennoxenus (A), npu-
HUMaeMble NpaBHJAbHBIMH Cpa3y, BO BTOPYIO — NpenJsoxe-
Hust (T), KOTOpble MOMKHO BEIBECTH JIOTHUECKH H3 ADYTHX
npennoxeniit. Tlepsole npensokenuss (A) HaswiBaOTCH
B TEOMETPHH OCHOBHbIMU NPeO0AONCCHUAMI, WK AKCHOMAMU,
BTOphie (1) — 861600umbimu (NOKa3bIBAEMBIMU) nPeOAOMC-
HUAMU, ML Teopemamu.

CaenoBaTenbHO, AN MOCTPOEHHS 3JEMEHTAapHOI reo-
METPHUH JOCTATOYHO MPHHATH 33 HCXOJHBIE TOJbKO 4acTh
YEOMETPHUECKHX NPEeMJIONKEHHH, a HMeHHO Te, KOTopble Ha-
seIBaloTcst akcuomamu (A). M3 aTux ocloBHBIX npennoxe-
HHHA BCe ocTaibHble npemyoxennst (T) MoOryT GHTL BbiBe-
JeHBl UYHCTO JorHueckKHM nyTeM. Takum oGpasom, Becbma
60/ILIIOE YHCIO BCEX TFEOMETPHUECKHX NpPEIJIOKEeHHH CBO-
JUTCSA K CHCTeMe HEeMHOTHX aKCHOM.

Kax paneko MoxeT OblTb NPOAOJIKEH NPOLECC JOrHye-
CKoro cokpamenns uucaa axcuom (4A)? BooGpasum, uto
cpean mnpemioxenuit (A), npuHEMaeMBIX Cpasy NpaBiLIbL-
HBIMH, COIEPIKHTCA NpeAtoxmcenne A,, OTHOCHTEJBHO KOTO-
poro Ha 6o/iee NO31HEH CTYNEHH FeOMETPHUECKOTO HCCAeL0-
BaHHS BBHISCHAETCS, UTO OO0 MOXKeT OBITH JOKa3aHO mnpil
TIOMOLUM oCTamlbHEIX axkcuoM. Takofl o6opoT 1ena H3MmeHseT
JIOTHYeCKOoe MeCTO npepioxenus Ay NMOCKoJbBKYy OHO Mo-
®eT OHTb [0Ka3aHo, €ro C/elyeT HCKJAIOYHTb M3 TPYNnbl
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akcnom (A) u nepesectu B rpynny teopem (7). Cienosas
TeabHO, cHcTeMa akcHoM (A) coxkpaTuaach, a ulica0 Teo-
pem (T) yBenHUMJIOCH.

B pesyabTate JOTHUYECKOTO COKpalMeHHs UHCJAa aKCHOM
BO3HHKAET B KOHUE KOHLOB TaKas KOHeUHad CUTVaUus, [PH
KoTopoil cucTema axciiom (A) He coaep:KHT Il OIHOro
[peasOXKenns, NONYCKAIONero BLIBOX 13 [APYTHX aKCHOM.
B cBasu ¢ aTHM BCTaeT BOMpPOC: KaKad MMCETCS rapaHTHs,
UTO TaKasi, C JOTI4eCKOH TOYKH 3peHNst MAeaJbHasi, CHTya-
UHS AOCTHTHYTa? JTOT BONpPOC Npeicrastger coboii BaK-
Hy10, HO TpyaHyIo npobaemy. [To3Ke Mbl K HemMy pepuemcH.

C npyroii CTOPOHBI, OYEBHIHO, YTO He BCe aKCHOMBI MO-
ryT OBITb NepeBefeHbl B Ipynny Teopem Jlornuecxasa ne-
AyKiHst npejacTab/sier co00H Bcerja HeuyTo OTHOCHTE.bHOE,
OHa TpebGyeT B cBOeM MCXOLHOM fYHKTe B Jji0ofoM chayuyae
KaKHX-TO OCHOBHBIX npexpnosoxenufl. Ex nihil nihil fit —
FOBOPHJIH JIPEBHHE: M3 HHYETo HHUTO He Bo3nUKaeT. Hecae-
LoBaHi€e 3TOI0 BONpPOCAa INIpUBEJNO K JIOPa3HTeqbHOMY pe-
3y/AbTaTy: BHICHHJIOCH, 4TO B TeOMETpIM HPOLEece JOoruue-
CKOr0 COKpaileHHa 4KC/aa akCHoOM MOXeT ObTb NpoBeieH
OueHb Janeko. A HMeHHO BeCh MACCHB eBKJAKIOBOH MJaHH-
MeTPHH MOXKeT ObiTb CBeleH K ClCTeMe aKCHOM, 4iC10 KO-
TOPBLIX MeHblle JecaTi !).

Hns npaBUILHOTO NMOHHMaHHS CKa3aHHOrO Bbillle BaXKHO
VMeTb B BHAY Takwe ciexnyowee. [Tpeasiymie paccyxae-
HHsl MOTVT NPHBECTH K NPEACTAB/IEHNIIO, UTO NMoApaseaeHue
reoMeTpHUeCKHX MpeANOXKeHHH, ¢ OpmHOH CTOpOHBl, Ha
aKCHOMBl, a C JApYyrofl — Ha TeopeMsl Npejonpeneleno 3a-
paHee, C/J1e/10BaTe/IbHO, KaX10e IreoMeTpHUeckKoe NpeaaomKe-
HHe camo no cebe, mo cBoefl npupoxe, sipaseTcs JHGO
aKCHOMOIt (MpeasioxeHueM, npaBHJIBHOCTb KOTOPOIO NPH-
HuMaeTcst 6e3 nokasaTesbeTBa), 6o Teopemoit (npemso-
KeHUeM, JONycKalomuM AokaszaTedbcTBo). Onnako jefi-
CTBHTEJIbHOE NOJIOKeHHe Bemell He Takoro, [loapasnerenue
Ha aKCHOMbL U Teopembl HE HABJAETCH 3ajaHHBIM abco-

') M3 ocuoshIXx npejcTaBsenmit MaTeMaTHIeCKOH Jorukd TPH«
BHa/ALHO BRITEKACT Aaike, 4TO .1100asa akcHoMaTHuecKasi Teopna Moxker
OpiTb  NOCTPOEHA nia 6ase ClHCTEMBl aKCHOM, colepikamefft e aHHe
CTBEHHYIO (HO, MOXKET ObiTh, BOCbMa C/OKHO DOPMYIUDPYEMYIO) aKs
cnomy. — [Ipum. peo.
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JIIOTHO; OHO B H3BECTHOM CMbICJie OTHOCHTeJNbHO. [TosicHuM
3TO Ha NMpUMeEpe,.

EBkangoBa cucrema reoMeTpud Ha IMJIOCKOCTH OOBIYHO
CTPOUTCH TaK, YTO NpelJioXeHie O NapaJaeNbHblX JHHHAX
WK, TOYHee, ero BTOpas uacTb: «K npamoll [ yepes TOuxy,
JeXalmyi BHe [, MOXHO TNpOBecTH TOJBKO OJHY InapaJ-
Jgefv [’» npuHuMaercs 3a axcuomy. M3 aToll ¥ ocTanbabixX
eBKJHIOBHX aKCHOM BBIBOJAUTCS TeopeMa: «CyMMma YIVIOB
TpeyronpHuKa paBHa 180°. OnHaxko Tak nocrynatb Heofs-
sarenpHO. [TocsenHioo Teopemy MOXHO Obl10 OBl NPHHATH
3a aKCcHOMy, H Torza MOXHO Obiio Ob [0KasaTb NpPeJIo-
JKeHWe 0 mapaJsenphblx auHNax. CrenosaTesbHO, nocnen-
Hee MpeaaoXKeHHe cTano Gbl TEOpeMOil.

[To npumepy EBkauma csofoay, ocTawlnywcsa MpH
YCTAaHOBJEHHH CHCTEMBl aKCHOM, HCHOJMb3YIOT AJAst TOrO,
4ToOB He TOJIbKO CBECTH YHCJAO aKCHOM K MHHHMYMY, HO H
BeIfpaTh B KauecTBe aKCHOM TakHe MNpPeAJIOXeHHs, coniep-
JKaHHe KOTOPhIX BO3MOMHO NIpOILe.

B pasroBopHo#i peun clOBOM «akcHoMa» OOBIUHO Ha3bl-
BalOT TaKoe YTBepXJeHHe, KoTopoe camMo no cebe oue-
BHIHO WJAH camo cofoll noHarho. Takoe noHMMaHMe CJ0OBa
aKCHoOMa NPOHCXOIUT H3 reoMeTpuH. Ha paHHHMX CTyneHax
HCCJAeOBaHUA NOHHMaJW NPHPOAY aKCHOM TakK: OHH Npej-
CTTaBAAT co60H CTOJb NPOCTBIE H OYEBHAHbLIE BHICKA3HIBA-
HYs, YTO He HYXHalTcs HH B KaKHX [0KazaTeabCTBax.
ToabKo B KOHuEe NPOMIAOro cToJeTHss rayboxuft anamiu3
OCHOB TeOMeTpHM — TaK Ha3blBaeMoOe aKCHOMaTHuecKoe
HanpaBJeHHe — BCKPBII MHCTHHHYIO [PHPOLY 3THX CBsizei.
M3 cxa3zaHHOro BHILIE BbITEKaeT, YTO akCcHOMaM He cJe-
JyeT NPHIHCHBATb Kakoe-To ocofoe MOJoXkKeHlie caMo Co-
Goli MOHATHBIX NpennoxeHui. B camMoMm pene, Kak sMOHpH-
YecKHe nNpaBWJla — DaBHOLEHHBl If «ACHBLI» BCE TreoMeTrpH-
yeckue nosaoxenus, Camoe 6oJbliee, 4eM OHH MOLYT OTJIH-
4yaTbCA OAHO OT JAPYrOro, 370 CTENEHbIO CJAOXKHOCTH COHep-
JKalWUXCss B HHX yTBepxXjienufl [Hanpumep, npeinoxeHie
(akcnoMma): «uepe3 JBE TOUKI NPOXOAHT TOUHO OJHa mpsi-
Masi» B CTPYKTYPHOM OTHOMleHuH npouie Teopembl [Tuda-
ropal. eoMerpuueckile npenJoXeHHst NPHHUMAIOT PasJiuu-
HOe JIOTHYEeCKOe MOJOXeHHUe TOJNbKO B JeAYKTHBHON cH-
cTeMe TreoMeTpHH. 31eCh aKCHOMBl NpHHUMalOTCS 3a Ipa-
BUJIbHBIE YTBEDXKIEHHS, H U3 3TIX OCHOBHBIX NpeAsokeHnil
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BLIBOJATCA NyTeM JIOTHUECKHX YMO3aKJYeHH{l ocTagbHBlE
npensoxenus (teopembl). OnHaro, Kak Obllo yKe OTMe-
YyeHO BHIIe, MPH 3TOM CJAEAYeT MMeTb B BUAY, YTO JIOTHUe-
CKOe TmoppasjieseHHe NPeNJOKeHHH Ha aKCHOMBL H Teo-
peMbl MoXeT GBITb OCYIIECTBJEHO BECbMa Pas3JMUHBIMY CIO-
cobamHu.

PenyuupoBanue (cBeneHHe) TeoOMETPHUECKOH CHCTEMB
K HEeKOTOpOMY He0OAbLIOMY UYHCAY OCHOBHHIX IOHATHH
HMeeT MeCTO He TOJAbKO AnAs npedaodsceruti. [lyreM aHano-
THUHOTO JIOTHUECKOTO NpOoUecca NMPOHCXONHT TaKXKe Penylid-
poBaHHe TeOMeTpPHUECKHX 00BEKTO8 M OTHOUleHull K HeKo-
TOPHIM OCHOBHBIM 00BEKTaM M OCHOBHBIM OTHOLIEHHSIM (CM.
§ | wacroame# raasbl). PenyunpoBaHue npensioxeHui
NPOH3BOANTCS NyTeM O0Ka3aTeAsCTs, a peayuuposaHue
00 BEKTOB ¥ OTHOLIEHHI — nyTeM onpedesexu.

IMoscuum nocaegHnit npouece npumepoM. Bugumeiii 06-
pas OKpyxHOCTH HaM Xopowo 3HakoM. Cpenu npyrax
3aMKHYThiX JIMHMH OKPYXHOCTb BbIIE/IAETCS CBOeH paBHO-
MepHOH, npocTol «OKpyraoCcThio». Ecan Mbl paccMaTpuBaeM
OKpYXHOCTb MJIH MbIC/IEHHO TpexncTaBasieM ee cefe, TO
y3HaeM e€e HMeHHO KaK OKPYXHOCTb HCKJ/IOUHTENbHO 6Ja-
rojapst ee Kp4acHBOH OKpYIJIOCTH, He 3alyMBIBasACh NPH
5TOM O ee ADYIHX CBOHCTBaX. MeXny TeM BaXKHBIM CBOM-
CTBOM OKDYXHOCTH $IBJfAETCA TO, UTO Y Hee HMeeTcs
ueHtp O H 4TO ee panuycH (OTPe3KH, COEAUHAIOMHE HEHTP
C TOUKAMH OKDYXHOCTH) ONHHAKOBHL 10 JHHe (KOH-
rpysHTHE), D710 Hal/wleHHe MO03BOJMAET HaM ONpedesuTs
OKDYKHOCTb, He YUHTLIBAasi ee KauyeCTBeHHON OCOBeHHOCTH,
KaK MHOMXeCTBO BCeX TOUEK, PacloJOXKeHHBIX 1a OfHOM U TOM
JKe paccToaHuM OT 3ajaHHoil Touku O. B pesyabrate Ta-
KOTo onpejieleHHss OKPYMXKHOCTb nepectaer ObITh CaMOCTOf-
TeJbHBIM OOBEeKTOM: OHAa OKa3hlBaeTcs CBEJIEHHOH K Hexo-
TOPHIM JADYrHM o0beKkTaM M OTHOILIEHHSIM, a HMeHHO
K O0BeKTaM «TOYKa» H «OTPe30K» M K OTHOMEHHIO <«KOH-
rpysHTHoCTb». [lepBOHauanbHbIll Ke NpH3HAK OKpyX-
HOCTH — CBOHCTBEHHBIH efl BHAMMBI 06pa3, ee COBepllUeH-
Hasg OKPYIJOCTb — HCKJIOUaeTcs, JTO0 KavyeCcTBO OKPYKHOCTH
Tenepb yxe He ABJAETCS ee CYIIeCTBEHHBIM CBOHCTBOM, OHO
3aMeHseTCs TeMH PeACTaBAeHUAMH, KOTOPble Mbl CBA3LIBAeM
C MOHATHAMH <«TOUKa», «OTPe30K», «KOHIPYIHTHOCTb» H Ha
KOTOPbIX OCHOBAHO OflpeaesieHde OKpYXKHOCTH.
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Takum obpasom, nogo6HO TOMY Kak BCE MHOroo6pasie
FreoMeTPHIECKHX NDENJOMEeHHH CBOZUTCS NOCPEenCTBOM JIO-
THYeCKOr0 aHajh3a K CKarod cucTeMe akCHOM, H3 KOTO-
PBIX BCe OCTaJbHbie MOTYT ObITb BBIBEIEHBl IYTEM JIOTHUE-
CKOH JlefyKuHH (T. €. MOIyT OublTb A0OKasaHbl), Tak H 66/ib-
1ast 4acTh reOMeTpPHUECKHX O0BbeKTOB M OTHOIIEHUH MOMKeT
OblTb CBeJeHa K HeGOJbILIOMY UYHCAY OCHOBHBEIX OGBHEKTOB
H OCHOBHBIX OTHOIUNEHHH, MO3BOJAIOMIMX JaTh JOTHYECKoe
onpedesenue BceX OCTaNbHbIX OGBEKTOB I OTHOLIEHHMI,

BbiGop OCHOBHBHIX OGBEKTOB M OCHOBHHIX OTHOLIEHHIT,
KakK H BbIGOp CHCTEMBI aKCHOM 10 H3BECTHOW CcTemeHu
NPOH3BOJIEH,

Mbl yxxe ynoMmsiHynd, uTo Joruueckas 6as3a eBK/IHLOBOIL
CHCTeMBl [JIaHHMETPHH MOXeT OnThb CBeleHa K uHcay
a8KCHOM, MeHblleMy jgecATd. Elne MeHbile YHCJO0 OCHOBHBIX
00BeKTOB M OCHOBHHIX OTHOWEHHH. B KauecTBe OCHOBHEIX
OOGBEKTOB MOXKHO B3sTb TOJIbKO HBa: TOUKY H APAMYIO.
B xauecTBe 0CHOBHEIX OTHOLUEHHH MOXKHO BHI6paTh TPH CJe-
Ayiouine ') :

1. Ornowenue cea3u — «Touka JiexnT Ha IpaMoil» (W1,
APYTHMH CJIOBaMH, IpAMas NPOXOJHUT uepe3 TOUKY).

2. Otnowenue nopadka — «M3 Tpex Touex, JexKamux Ha
OJHOH nNPAMOH, OAHa (M TONBKO OJIHA) JIEXKHT «MeXKLy»
ABYMSI IDYTHMH>.

3. Ornowenue KomepysuTHoCTU — «JlBa OTpe3Ka KoH-
FPYIHTHbBI».

B ¢opmyaupoBrky nocieniero OTHOWIEHHS BXOIHT HO-
BLIl 00DBexT — «otpe3ok». OnHakKo 3T0 1OHATHE HCHOMb-
3yercst TOJAbKO pajad coxpauieHdst Qopmyauporku. «Orpe-
30K» He ABJAETCA OCHOBHBIM 0OBEKTOM, TaK Kak OH MOMET
ObiTh OnpeneseH NpH NMOMOLIM OCHOBHOTO O0BEKTa «TOUKI»
¥ OCHOBHOTO OTHOIUEHHSI Nopsanka. B camoMm nese, 1op or-
pPe3KoM MOXKKEO NMOHUMATb Npocto dee T1oukun A u B (xo-

') AmTOp mpHIepxHBAETCR CHCTEMLI AKCHOM TeOMETpHH, wiyuieh
OT 3HaMeHHTOIO HEeMEIKOTOo MatematHka [lasuga FHab6epra
(1862—1943) (cm. ero Kuury [2] B cnmcke JmHTepaTypm Ha cTp. 223).
Mexny TeMm ele OfMH B3 NpEMIeCTBEHHHKOB luindepra B 06/aacTu
OcHOBaHH reomerpuu uTadesimen, M. IlveppH ykaswvBad, 410 8ClO
€BKJIOBY MJaHMMETPHIO MOMKHO 6azupoBaTh HA € AHUHCTBEHHOM
OCHOBHOM OODBEKTE «TOWKa» H HA €IUHHCTBEHHOM OCHOBHOM OTHO-
meuiry (A, B, C), osnavawomem, uto AB=AC. — Ipun. ped.
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HeyHble TOYKlI OTpPe3Ka), a OCTa/blible ero TOUKH onpeje-
JHUTh NpPH NOMOLIM OTHOINEHMSA MOPSJAKa: OHM JeXaT «he-
®ay» A n B. Ecall 3aMeHHTb CJIOBO «OTPe30K» NOHATHEM
«napa Touek» (A, B), To cpasy 6yxeT BHIHO, uTO OTHOLIeE-
HHE KOHIPYSHTHOCTH HeHCTBHTENBHO OTHOCHTCH TOJBKO
K MHOMeCTBY OCHOBHHIX OODBEKTOB «TOUKA» M «IIpaMas».

Mpel 3aan 6Bl CAMIIKOM j1a/1€K0, eCau Obl peluau Ie-
peUHCaTh B 3TOH KHHMI'e Bce akcHOMBI reomerpun EBkauia,
Brillle MBI yKe npHBead [Be BaXKHble aKCHOMBI: TPeiozKe-
une 1 u akcHomy napanaenbHocTH (ctp. 12 n26—27). It ak-
CHOMBI ONHCBHIBAIOT HEKOTOPHIE CBOMCTBA OTHOLIEHUS CBA3H '),

Ionnas cucreMa akcHOM COZEPKUT CBePX HMeBHIAXCA
emie y EBkiMaa akcHOM TakiKe HEKOTOpble HpYTHe aKCHO-
Mbf, YCTaHaBJIMBalOLiHe CBOHCTBA OTHOLIEHHH NOpsAAKa H
KOHrpysHTHOCTH. C 3TOfl TOYKH 3peHHs CHCTeMa aKCHOM
EBkanpa 6nlna HecoBeplleHHa. D10 06CTOATEALCTBO HAIIO
CBOE OTpa)KeHHe M B IUKOJBbHBIX YueGHHKAX TeOMeTPHH.
B HuMX OCHOBHOMY OTHOIUGHHIO MNOpsAKa {IOUTH He ype-
JfeTCst BHUMAaHHs, U CBA3aHHbIe C 3THM OTHOLIEHHEM Ieo-
MeTpuueckue O0OCTOATeNbCTBA CrelHaJbHO He OroBapH-
BalOTCS: OHH BBOJATCA B FEOMETPHIO Kak HalvistiHole H oye-
BHJHbBIE.

Ha 310 3avesaHne He caenyeT cMOTperb Kak Ha Kpi-
THKY IUKOJIBHOIO IipernonaBadns reomerpuu. Kak ycrpanuts
yKasaHnwll npo6es B KJacCHUecKOM H3J0MXKeHHH EBKIHAA,
OKOHYaTeJbHO BBIACHHJOCH TOJNBKO B HallieM CTOJETHH 6.a-
ronapsi HCC/IeJOBAHHIO aKCHOMATHYECKHX OCHOB FeOMETpHIL.
K wWKoJbHOMY NpenonaBaHHIO Ha ero HHUXKHeH CTyIeHH
He/Mb3st NPEABABJATH CTPOKANIIMX JOTHUECKHX TpeboBa-
Hui. HaoGopor, u3 nupakTHuecKux coofpaskeHiit Tpe-
OyeTcst oNpenesieHHBIH KOMIPOMUCC MeXIYy 3MIHPHUECKHM
1 JOorHYeckuM noaxopamu. s HauanbHOro H3Js0XKeHHs
caeayer or6upaTb HEKOTOpPOE KOJIHYECTBO HAT/IANHONO Ma-
TepHaJa ¥ TNPHMEHATb ero, He BHIACHAS IMOJHOCTBIO TeX
JIOTHYECKHX IP0GJIeM, KOTOpbIe C 3THM MaTePHaOM CBA3AHM.

') OrveTum (cM. cTp. 26), uTo oTHOWEHME NapaiienbHOCTH el
CTBHTE/ILHO MOXKeT OblTh OnpejefieHO NOCPEACTBOM OTHOLIEHHS CBS3H)
npsmsie @ u b napasnensHbl, ecAM He HMEeTCS HM ONHOH TaKoll TOUKH
P, xoropas naxomisach Gbl B OTHOWIGHHH CBA3H C OGEHMH NPAMBIMH,
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Tem He MeHee W NpH Haua/JbHOM OOYUEHHH CJelyeT BO3-
MOKHO paHbllle MepexoauTh K AedYKTHBHOMY MeTony. B ca-
MOM Jlesie, BHIle Mbl yXkKe OTMETH/H, UTO IeoMeTpHs, Kax
co6paHHe IMnupuyecKux npepsoKeHnll, npencrasiaser co-
6ol noBOMBHO GenHoe W Maso HHTepecHoe yueHue. Cpoe
rny6okoe U BaXHOe 3HaueHue oOHa nogayuaeT Gaarogaps
TOMY, 4TO JNONyCKaeT NOJHOEe pa3bsiCHEHHEe CBOeHl BHYTpeH-
Hell soceuueckod cTpyxTypsl. B aToM OTHOILIEHHH CHCTeMa
Esxnuna npencrasnser coboit njeast, BCerja ChayXHBIHHH
ofpa3uoM IJast HAY4HOTO HecAedOBaHuS.

§ 7. HcToNKOBaHNE OCHOBHBIX TreoOMeTpHYeCKHX NOHATHA

AHanu3 37eMeHTapHHIX reoMeTpHUYeCKHX (PaKTOB MPHBO-
JIUT K KOHUEHTpalHM¥ HMX, K BbHIABJAEHHIO OCHOBHOH pOJIH
CIKATOH CHCTeMbl, cocTosilefl 1¥3 HeKOTOPOro HeHOJbIIOro
YHC/1a OCHOBHBIX 0OBeKTOB, OCHOBHBIX OTHOLIEHHH H OCHOB-
HbIX TpeNoXKeHHH (akcuom). Kax To/bKO 3Ta OCHOBHag
cucreMa ycTaHOBJIeHa, MBl MOMeM NOfTH ofpaTHEIM NyTeM
M, WCNOJb3ys JOTHUECKYIO AeAYKUHIO H onpeneneHuds, BH-
BeCTH M3 3TOH OCHOBHOI cucTeMmbl Bce yueHne Esknaupa.
Taxum o6pasom, cucTeMa aKCHOM COZEPXKHT B cefe 1o
CYILECTBY BCIO 3JieMeHTapHYI reoMeTpHio.

IIpaBna, OOHapYMHTb 3TO HeNOCPENACTBEHHO HeNb3dl.
ToabKo myTeM CTPOroro npoBejeHHst LENH YTOMHTENbHBIX
IOKa3aTebCTB M NOCAENOBaTeNbHBIX ONpenejeHufl MOXKHO
y6enuTbCa B TOM, 4TO Kakoe-HHOY/Ib CJOMHOe reoMerpHue-
CKOe npeasoXeHne (BCIOMHHM, HanphMep, TeopeMmy Iluda-
ropa) yTBepJAaeT MO CYUIeCTBY TO e caMoOe, YTO HesBHO
yXKe CONepPMKHTCS B NPOCTHIX npaBHaax (axkcuomax), OTHO-
CAIHXCA K OCHOBHBIM 00beKTaM H OCHOBHBIM OTHOIHEHHSIM.

«JIoru4ecKd pasBepHYTYIO» YKa3aHHBIM crnocoGoM Teo-
pemy Iludaropa cdopmynHpoBaTb W NOHATH 3HAUHTEJBHO
TpylHee, YeM Ty Xe TeopeMy B ee eCTECTBEHHOH s3MUHpHYe-
CKOHl MHTEepIpeTalHH, JomycKalonel npy NoMOLH HeKOTOPhIX
NPOCTHIX H3MEPEHHH HeNoCpenCTBEHHYIO HaT/IAHYIO IPOBEPKY
(cm. ctp. 12). 910 06cTOATENBLCTBO OOBACHAET, HOUEMY AeNYK-
THBHBI MaTeMaTHYeCKH#l MeTO1 KaK HPOTHBOINOJOMKHOCTb
HeMmocpeJACTBEHHOMY  BOCHPHSATHIO ¥ Ha6/JIONEHHI0 peaxo
TOJIB3YETCA YCIEXOM Y MOJOJBIX, a TakkKe Y B3pOCJBIX
Jqofel, ckopee daxe Hao0opoT, yalie OH BH3BIBAET Y HHX
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aHTunatHilo. B caMom pese, KamJOMY [peiojaBaTellio
MaTeMaTHKH NPHXOAHTCS C/blIIaTh OT CBOMX YUYEHHKOB He-
H3MeHHHI1 Bonpoc: «3aueM Hac 3acTaBJAfOT [0Ka3bBaTk
NMyTeM CJIOXHBIX paccyxueHHH Teopembl, U Ge3 TOro Ha-
TasiHble, OueBUJHbie ¥ caMHd coboll mousTHBE?». DTOT BO-
nIpoc ecTecTBeHeH H €ero He cJjenyerT 6e3pasHuHO HJIH
BBICOKOMEDHO OTK/IOHATb. BrpoueMm, VueHHKH, 3ajaoilie
Tako# Bompoc, HaXOAATCsH B XopoluueM OOmEecTBe: TO Ke
caMoe CrIpali¥BaJH M HEKOTOpble BbIAAIOUIMECS MBICAHK-
Teanu. Tax, nanpumep, B cBoe Bpems lllonenraysp aymadn,
4TO [eAYKTHBHBbIA, MaTeMarHuecKnil MeTOn B TreoMeTpPHH
NPUTOLEH TOJBKO IJs TOro, 4Tobbl camu coboH nmoHSTHHIE,
ACHBIE Beuly [e/aTh CAOXKHBIMH W TymMaHHmMH. C aHaso-
THUHBIM HeJOBepHeM OTHOCH/ICA K TOYHOMY ecTecTBO3Ha-
Huio Takxe [ére. O6nanas penkoil cnocoGHOCTHIO 3pu-
TeJbHOTO HaOMOAEHHsA, OH [NbTa/lACs pPa3BHTb ONTHKY H3
HENOCPELACTBEHHOTO «BUIHMMOTO» BOCIDHATHsS,, npeHeGperas
(Gu3MUeCKHUMH TEOPHSIMH CBeTa, NOCTPOeHHbiMU [IoMreHcoM
¥ HbloTOHOM Ha OCHOBe MeXaHHUeCKHX aHaJoruii M Mare-
MaTHYECKOH nenyKuuu ).

Hcropusa pemmna artor cnop B noansy EBkania, Heio-
ToHa u [oiiredca. B rayBoxkoM cMbiciie 3T0TO cj0Ba OHu
OBUIH «IIPOBHAUAMHU»: TIOCJAEAYIOLIHE HCC/IEI0BAHUA Pa3BH-
BaJIMChb B HaMEUEHHBIX MMM HanpaB1eHHsAX. DTOT NyTb OKa-
3a/Cst HeJerknM. YCMexH eCTeCTBO3HaHHA B OCHOBHOM GBIIH
00yC/OB/IEHbl TeM, UTO TEOpPeTHUECKOe paccMOTpeHHe Mpo-
HUK/MO TJIyGOKO MOJ TOT NOBEPXHOCTHBIN CJ0H, KOTOpHIH
OBl NOCTHXHM H JOCTyHEH [/ HenocpeiCTBEHHOTO Ha-
6110 1eHHA.

Onnako paccmaTpHBaeMbll Bompoc He Tak JIErKO MoHs-
TeH; NO3TOMY MOSCHHM €ro IpH NOMOLIH HEKOTOPHIX Npo-
CTBHIX MBICJEHHBIX 3KCTIEPHMEHTOBR.

Boo6pasum nnockocts T M npunamiexamie efl reo-
MeTpuyeckue 0GbeKTwi: TOUKH P, npsauvbie [ u 1. 1. B ToU-
Ke S TIOCKOCTH MOCTPOMM KAacalUIylocs NA0CKoCTH cdepy
¢ uentpom O u anamerpom SN (puc. 5). CnpoexTtupyem

') Cosnanusie Hpiotorom (Ropnyckyaspuas) u Tiofirencom (Boa-
HOBast) TeODHA CBeTa PACXOMHJNHCH B CBOMX OCHOBAX, HO 0Be HMEJH
XapakTep TEOPETHUECKHX nocTpoennit. Ilpubaras B Hactosulee Bpema
TEOpHs CBETA B H3BECTHOM CMbICJAE 0ObEeIHHSAET 5TH TeOPHH. — [1pum. ped,
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nJockocTh Ha cdepy, BoifpaB B KauecTBe LEHTpa fnpoek-
puft Touky O. llpoexkumefi Toukn P mnaockocts T Oyper
Touka P coepbl. Bes nmockocts T oto6pasutes Ha HHXK-
HIO10 1osoBHHY cdepol. [Ipu atom npsimoit [ niockocru T
0y/ieT COOTBETCTBOBaTb Ha cepe MOJOBHHA AYrd 60JLLIOTO
Kpyra. «DeckoHeuHO yjamneHnsle Touxii» npsmoit [ orobpa-
35TCs B KOHueBbie Toukd A 1 B Toro mmamerpa sKBaTopa
cheprl, KoTOPHIH napadnened npsamoit /. B pesyabrare Ta-
Koro ortobpakenusa Kaxuoit touxe P nmockoctu T Oymer

Prc 5.

COOTBETCTBOBATb OINpeNesieHHass Touka P 10XKHOH nosy-
chepsl. DTO 03HAuaeT, UTO MeXAy 0OeHMH NOBEPXHOCTAMH,
T. €. IJIOCKOCTBIO H moJgycdepol, cylecTByer, KaK NPHHATO
rOBOPHTL B MaTeMaTHKe, «B3aHMHO ONHO3HAUHOE COOTBET-
CTBHEY.

Boobpa3um tenepb, uto cdepa crnpoekTHpOBaHa Hasaj
Ha nJjockocth I, HO Ha 3TOT pa3 H3 UEHTpa HNpoekiluii,
coBmazaruiero ¢ cepepunM nogiwocom N coeprl. Ilpoekuus
P touky P Tenepp 0TOGpasuTcsd B TOUKY MepecedeHds P’
npsimoit NP ¢ nnockoctbio T. HOxxHolt noaycdepe OGyner
COOTBeTCTBOBATh B IVIOCKOCTH I Kpyr, orpaHuyedHsii o6-
pasoM 3KBaTopa, T. e. okpyxuoctbio K. Hiyra APB 6oib-
woro Kpyra mnepefiger B kpyrosyio ayry [ maocxkocrn T,
OrpaHHYeHHYI0 ABYMs 1UaMeTpajbHO FPOTHBONOJONKHBIMH
toukamu A’ 1 B’ oxpyxHocTH K.

Taxum o6pasom, Bcst maockocTs I B pesyJbTaTe ABY-
KpPaTHOro I[OC/Ee0BaTe/IbHOIO LEHTPaJbHOTO [POEKTHPOBa-
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§ 7. HCTOAKOBAHHUE OCHOBHBIX TEOMETPHUECKHX NCHATHI

HIy (CHayana ¢ ueHTpoM npoekuuél B touxke O, a 3atem —
B Touke N) oToOpaxkaercs Ha obsacTb, 3aKJAOUEHHYIO BHY-
tpu okpymHocth K. Ilpu atom npsamble [ maockoetd T
nepexoJaaT B KPYroBble YT [', mepecekawnliie OKpyHHOCTb
K xaxnplfi pas B IBYX JHaMeTpajbHO MPOTHBONOJOMKHBIX
Toukax. Ecan touka P Byner ynaJjarecs ¢ NOCTOSHHOU CKO-
poCTbiO B GecKOHe4YHOCTh, TO ee u3obpaxeHue P’ Gyner Bce
MeJJIeHHee U MefJeHHee mepeMelathCsi K OKpykHOCTH K.
CaenoBatenbHo, okpyxuocTe K cooTBeTcTBYeT «GECKOHEHU-
HO YHaNeHHBIM TOUKaM» MJOCKOCTH 7.

byzem HasmBath Touky P/, aBaswouyocs u300paxe-
HHEM Toukn P, no-npemuemy «rtoukofi», a ayry U, npexa-
cTapaswomyo cobofi nsobpaxenuwe npamofi [, — nmo-npemx-
HeMy «mpsiMofi». Torga, npumeHsis Hamy oOBIUHYIO reo-
METPHUECKYIO TePMHHOJOIHIO, MbBl CyMeeM ONHChIBATL reo-
MEeTpHUYecKHe cOoBbLITHS B MJIOCKOCTH NOCPeACTBOM COOHTHH,
NPOUCXOAAIHNX B Kpyre K, npencTaBisiomnuM cofoil 130-
Opaxenue mjockoctd 7. Ilpn 9TOM He MOXeT BO3ZHHKHYTD
HHKaKHX IPOTHBOpeuni: Bce NpaBuia, AEIICTBYIOIINE B 1J10-
ckocti T, 6ynyT npuMeHuMsl u B Kpyre K.

B eBknMnOBOM NIOCKOCTH HMeeT MeCTO akcHOMa napaJ-
NneJbHOCTH: uepe3 Touxky Py, snexamyio BHe npsmofl I, npo-
XOAUT TOUHO oxaHa npamas [y, napannenbnas [ To ke ca-
MOe HMeeT MEcTo W B Kpyre K: uepe3 «TOYKY» P{, aexa-
UIYIO BHE «npaAMOil» !/, TPOXOAHT TOUHO OAlia «IpsAMasn» I
(T. e. kpyroBas nyra, nepecexaioiuias nepugepnio xpyra K
B JMaMeTpajbHO TPOTHBONO/IOXKHBIX TOUKAX), He BCTpe-
yatomias npamylo ! BHyTpu kpyra K (puc. 6).

CrnenoBatearno, BHyTpennsis ofjacts kpyra K npex-
craBasieT co0oll H3o0parkeHue eBKJAHIOBOH NJOCKOCTH, KO-
TOPBIM MOXHO MOJib30BAaTbCS TaK 2Ke, Kak U MepBOHAUAb-
Hoit maockocthio 7. Ha sTo moryt Bospasutb, uto kpyr K
BCC XE He fBJAfETCH <«HaCTOAHICH» eBKJMIAGBOHA [iOCKO-
CThIO, TAK KakK «IOpaMbley [° «B JefCTBUTEABHOCTH» He
ABAAIOTCA NPAMBIMH H, KPOMe TOr0, OHH He GeCKOHeuHO
AJHHHBIE, KaK 3TO JOJIKHO OBITh B COOTBETCTBHM C HalIUM
€CTeCTBEHHBIM, HATJIANLHO-TEOMETPHUECKHM INpEeACTaBieHHeM.
B Takom cayuyae BooGpasnm cefe Ha MHHYTY CJaeAyi0-
ujyro Kaprtuuy. IlycTb cdepa M3roToBAeHAa U3 KaKOro-ti-
OyAb mPO3pavuHOTO mMaTtepuasa, HanpHMep H3 crekJa. EcaH
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ayuy ceera PO BcTpeuaer cdepy B Touke P, TO OH IpesioM-
asercs. Ilpennonomxum, 4TO 3aKOH NPEJOMJEHHS CBeTa
[IpU MPOXOMKIEHHH Yepe3 CTeK/O0 TaKOB, UTO NpeoMJ/IeHHb{l
ayu cseta PN npoxonuT uepes ceBepHulli noqioc N. Torna
Hab/aonatenb, HaXOasuiHics B Touke N, yBUIHT TOuky P
B HanpaBneHun NP, nostomy emy Oyler KasaTbCs, 4TO
TouKa P nepemecTusach BHYTPb Kpyra B mosoxeHue P,

Puc. 6.

Ilpsimas [ emy Oyner KasaTbCs HCKaXKeHHOW B BHIE Kpyro-
Bo#t nyru !’. CnepoBarte/bHO, HameMmy Habmmonartenioo reo-
MeTpHst nocKocTH 7 GyneT UPeiAcTaBJATbCS B BHAe HCKa-
JKeHHOI reoMeTpHH BHYTPEHHeH yacTi Kpyra K.

YinanuM tenepb upenomasiouyio cpepy. Torpa mabaio-
fatesab B Touke N yBuauT COOBITHA B MJIOCKOCTH T OHATH
«eCTEeCTBEHHBIMH», COBNAJalONIHMH ¢ <«HACTOSNIHMH», Ha-
rAAAHBIME  TeoMeTpHUeCKHMH npexncrabaeHusaMu. Otciona
chenyeT, 4TO0 Kascyujulica BHI Beimled 3aBHCHT B o0uem
cjiyyae OT TOro, uepe3 KaKHe OUKH Mbl paccMaTpHuBaeMm
MHDP.

Pacemorpum ellle onuH npumep. BoobGpasum, uto co-
GpaBlunecss 3AeCb JHLla BMecTe 00CYX[alOT BONMPOCH reo-
MeTPUH ¥ TyCcTb CpelH coOpaBLUMXCs HMeeTCss ONHMH HHO-
cTpaHell, He NOHMMaloUHH HeMeukoro sswbika. Has Ttoro
uTo6bl OH MOI MPHHATL Y4acTHe B pas3ropope, s INpejnBa-
puTeNbHO 06yuy ero HEKOTODEIM HeMelKHM TreoMerpHue-
CKHM TepMHHAaM, HO B HeCKOJbKO HCKaxKeHHoM BHAe. /I or1-
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Mely Ha focke ABe TOUKH P u Q u ckaxy: Takue OGBEKTH
TI0-HeMeIKH Ha3blBaloTCA «mpsiMblMu» («Geraden»). 3artem
s ToKaxXy emy upamywo [ U obbsicHio, uto Taxkas ¢urypa
Ha3biBaercs «Touxoi» («Punki»), 1. e. s npunam ykasan-
HBIM TepMHHaM oOpaTHHH no cpaBHeHHIO ¢ HeMeLKOH
peubio cMbic/. dajee, a ckaXy emy, UTO B3aUMHOE OTHO-
wenne obbekToB P u [ Ha puc. 7 BbIpaxaercs CJOBaMH:
«npaMast P npoxoQuT uepes TOUKY I» (uanm «Touxa» [ Jje-
KUT Ha «npsamoii» P). HagoHeu, 1 ckaxy emy, 4To «nps-
Masi» Q He NPOXONWT yepe3 «TOUKy» [ (MM «TouKa» [ He

R
p c
& a
% 4
1 /¢ BN
Puc 7 Puc. 8.

JeXHT Ha «upsmofi» Q). Ilpexmonoxum, 4T0 HHOCTpaHeH
3ayuuJ HeBepHble Ha3BaHHA Iiepej NMPENCTOALHM 0Ocyxe-
HlieM.

Tenepn s Boluepuy Ha jHocke ¢urypy (puc. 8), o6paso-
BaHHylo TpeMst Toukamu (A, B, C) u Tpems OTpe3kaMmu
(a, b, ¢), u 3atem cupowy: «BepHo J, UTO npAMas a Npo-
xoauT uepe3 Touku B u C?» Bce npucyrcTRyIOULHE TOATRED-
ST 9TO W, KaK HM CTPaHHO, B TOM uHCJ/e W HHOCTpaHer,
BOCIPHHABIINA MOW BOpOC COBepIIeHHO HeBepHO. B caMoM
jesie, KOrha si TOBOPHJ «HOpsaMas a», OH paccMaTpHBan
touky A, Korjga s TOBOPHA «TouKH B H C», on obpaian
cBOe BHHMaHHe Ha npamele b u c¢. CrenoBartesnbHO, YCJbl-
1IaB BOMPOC, NPOXOMUT JH NpsiMad a yepe3 touku B u C,
OH paccMaTpuBaJ TOUKY A u npsmbie b u ¢ #, B cooTBeT-
CTBHH C 3ayueHHOIl UM TepPMHHOJIOTHeH, BHIeJ, UTO Ha3BaH-
Has CHaua/la «mpsMasi» A JIefiCTBUTENbHO NMPOXOLUT uyepe3
Ha3BaHHble NOTOM «TOUKH» b # c.

Jlerko ybGenyThest, 4TO H Bce Lpyrue Hab/ioneHns, Ko-
TOpble MOXKHO Obl10 Obi cHefiaTh Ha OCHOBE BbidepueHHO
$HUTypH, OKaXyTca OGOCHOBAaHHBIMH Taxke B TOM cJayuae,
ecsin OHM GYAYT BOCNPHHHUMATbCS B HEBEPHON HHTEpupera-
unu Hnoctpanua. Takum 06pa3oM, AHCKYCCHSE O IEOMETpH-
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yecKHX CBOHCTBax Hauuefl durypsl MoxeT ObiTb NpPoOJ0.I-
KeHa, H OPH 3TOM YYAacTHHKH JHCKYCCHH Jaxke He [ora-
JLal0TCH, UTO OHH TOJKYIOT YTBepXKIeHHs, NpHHHMaeMble
BepHBIMH (MM HEBEPHBIMH), COBEPIIEHHO f0O-Da3HOMY.

O6bacHsercs 310 TeM, uTo Hamla ¢urypa Oblia name-
peHHo Bhi6paHa cneuua’dbHelM ofpasom. Ona obaanaer
0co6biM CBOHCTBOM: B Hell OOBEKTbI «TOUKa» M <«rnpaMas»
MOXHO MEHATh pOJsIMH, TpHYEM BCe, KacaloLleecs OTHO-
IleHust CBA3H («TOYKa JIeKHT Ha NpAMOH», «npaMas npoxo-
OHT uepe3 TOUKY»), COXpaHseT CBOIO CHJAY H IOC/Ie fepe-
MeHbl POJSMH TOUEK H NpsiMBIX !).

Takum 06pa3oM, Mbl BbiiCHHJIH, 4TO [0 KpaHHell mepe
B PaCCMOTpPEHHOM HaMH Cjyuae COBeplIEHHO HeBaMHO, YI0-
Ob! «TOYKa» BOCIpPHHHMAa/aaCh B COOTBETCTBHH C HallMM
eCTeCTBEeHHbIM,  HarJsi/HO-TeOMeTPHUYeCKHM  IpeiacTaBje-
HyeM, Kak ofJiajalonias KauecTBOM <«TOUEUHOCTH», a «IIps-
Mast» — Kak 00/ajalomas KauyecTBOM «IPAMH3HBI», NPHCY-
nefl ogHoMepHON JHHHM.

Tenepb HeTPYHHO NOHATH, 4TO IPH TOJNKOBAHHH OCHOB-
HbiX TeOMEeTpPHYeCKHX MOHSTHH MOMHO IMOJHOCTBIO OCBOGO-
AUTBLCS OT HAlJAIHO-TeOMeTPHUECKHX INpeicTaB/eHuil, CBs-
3aHHBIX € 3TuMi noHaTusmu. Mamennm paccmoTpeHHyIO
Bhille Purypy caenyiomum obGpasom. Ilycts nepex namu
Jexat IiecTh Wapos, u3 Hux tpu Geawix A, B, C u tpu
yepHbIX a, b, ¢. Jlanee npexcrasum cebe, uTO onpejesnen-
nule Gesble tHaphl CBA3aHL HUTAMH C ONpefeJeHHBIMH uep-
HBIMH IlapaM#, KaK 3TO MoKa3aHo Ha puc. 9.

Teneps BBegem coraallenye: Gesble mapet 6yneM Ha3bl-
BaTh «TOUKaMH», a uepHble -— «IIPSAMBIMH» H JaJfee, ecsi
HITh MAET 0T 6e]0ro mapa K UepHOMY, TO OyIeM rOBOPHTE:
nepBbIfl Ha3BamHHIH OOBEKT («TOUKa») JEXKHT Ha BTOPOM
Ha3zpaHHOM 0o0bexTe (Ha «npsamoii»). Hamporus, eciu Ta-
KOe CcoelHHeHie OTCYTCTBYeT, TO OyAeM TOBOPHTb: «TOUKa
He JIEXKHT Ha NpAMOf».

PaccmorpeB 3Ty ¢urypy, Mbl YBHANM, YTO H NPH TaKOM
TOJIKOBAHHH COXPaHSAIOTCH BCe Te NpaBuaa, KOTOpHe Gblil
Hailjensl 118 Qurypsi, usobpaxenHod Ha puc. 8. Caeno-

!y BosmoxkHocTb TaKoH TepeMensl poJeHd npeacrasaseT coGoil
BaXKiblli NPUHIUNN, Ha3blBaeMbl «UDHHIHIOM ABONCTBERIOCTH»;, OH
HMEeT MECTO, HanpsMep, B NPOEKTUBHOH TEOMETDHH,
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BaTelbHO, JHCKYCCHIO O TeoMeTpUyecknx cBoficTBax ¢H-
FYPBI, H306paXkeHHOl Ha pHC. 8, MOMXKHO ¢ TaKHM Xe ycle-
XOM BECTH, T0Jib3yfACh HUTYpoil, U30GpakenHoit na puc. 9.

[Tprunna 3TOTO 3aKJaOuaeTcs B CJEAYIOHIEM: paccMmo-
TPEHHbiE TPH CHCTEMBl, a HMEHHO ABa <«TOJIKOBaHHA» (u-
rypel Ha puc. 8 u ToJKOBaHWe QUrypel Ha puc. 9 obaa-
paroT oaHofi u Toft Ke Jsorndeckod crtpykrypoh. Onu
CTPYKTYPHO noOoOGHeL MeX1y cobofl, uaH, cCiH BOCHOAB30-
BaThbCsd HayyHOHl TepPMUHOJOTHEH, u3OMOpPHb. MEXAYy CO-
6oii. DTo o3navaeT, 4TO OOBEKTH CHCTeM COOTBETCTBYIOT

A a

8¢ b

¢ ¢
Punc. 9.

OJMH IpYroMy B3aWMHO ojno3nauno (touku A, B, C
Ha pHc. & coorsercTBYIOT «Toukam» A, B, C Ha puc. 9;
npsmsle a, b, ¢ Ha puc. 8 COOTBETCTRYIOT «IPAMEIMY a, b, ¢
Ha puc. 9). OcHoBHOe OTHOlLleHHe CBSI3H AJA Kaxuoll cH-
CTeMbl TakxKe onpeleseHo Takum obpasom, 4To6bl Npu pa3s-
JIHYHOM TOJAKOBAHMH COOJIONANOCh COOTBETCTBHE MEXAY
TeM HAH MHbIM OTHOWeHuenm cBf3u. CnenoBaTebHO, OTHO-
MIeHHs CBA3H cO0JI0QAI0TCS TPH BCEX TPEX TOJKOBAHHAX.
Ecau teneps Mbl Oyzem HasbiBAThH COOTBETCTBYIOUIHE OfHH
Apyrovy oO0DBeKTst (TOUKH, NpsAMble) H COOTRETCTBYIONHE
OHO APYTOMYy OTHOWeHHA (CBA3H) ONMHAKOBBLIMH CJOBaMH,
TO BCE YTBepkKIeHHdA, NDaBHJbHblE AJs OJHOH H3 Tpex cH-
crea, GyayT MpasiabliBiMH  TakKe JsA [IBYX OCTAJIBHHIX
cucrem. Caepoartesbito, Ge3pasinyHo, Ha Kakoll cucreme
NIPOM3BOANTCS HHTEPApPETAUHS YTBepKAeHHI.

W3 ananorununbix coofpamesufl u30MOpQHLL MeX1y CO-
Goii Takxe cucremel (¢purypsl) T u K, paccMoTpenHble
B l1epBOM npiimepe (puc. ).

Ilpu noctpoeHun Takux H30MOpGHLIX MeXny codofl cu-
cTeM HCHosb3yercs dyHAaMeHTa bHbLIH OOINHIT  TIPUHIII
orobpaycenus, ¢ KOTOPHIM Mbl YXe HEOJHOKpaTHO BCTpe-
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yajuchb BhILLE 110 Pa3sHbBIM noBogaM. BooOpa3dum, Hanpumep,
aanguiadt ¥ ero dororpaduueckuii cHumor. O6beKkram H
OTHOUIeHHAM B JaHAlla(Te COOTBETCTBYIOT OOBEKTH H OT-
HolleHHs1 Ha CHHMKe. Dynem HaswHBaTbh COOTBETCTBYIOHINE
00beKThl (M OTHOWIeHMA) JaHAWAadTa W CHHMKA OXMHAKO-
BRIMH cJoBamu. Hanpumep, H3o6paxeHHe aepeBa JaHA-
iwadra OyneMm Ha3blBaTh TakikKe «JEpeBOM», a He «u3obpa-
KeHndeM Hepesa» (Ha npakKTHKe MBI OCTynaeM HMeHHO Ta-
kUM obpasoM). B Takom ciyuae cucrema, npencraBfsieMast
CHHMKOM, H [epBOHauaJbHas CHCTeMa, HNpejCTaBjsemas
nappwadroM, Gyayt Mexny cobolt naomop@Hbl. CTPYKTYpY
CHUCTeMbl-ODHIMHANa Mbl MOXEM H3YyYaThb C OJHHAKOBBIM
ycnexoM H 10 H300paxeHHIo, U M0 OpPUTHHAAY, XOTs OpH-
rufan M uszobpakeHHe BO MHOTHX JJA Hac HeCYywecTeeH-
HbolX OTHOUIEHMSX BCe e OTJHYAIOTCH OMHH OT LPYTOro.
Hanpumep, HaTypanbHoe pepeBo, BO-NEpBbIX, GoJjblie ae-
peBa Ha CHHUMKE, BO-BTOpBLIX, HpejcTaBiasieT cobof Tpex-
MepHOe TeJsio, a He [ABYMepHYIO NJIOCKylo (PUrypy, Kak ne-
peBo Ha CHHUMKe, B-TpPeTbHX, OKpalleHO B pa3Hbe LBera,
a He TOJBKO B uepHbl M 6enulfl, Kak NepeBO Ha CHHMKeE
uT. 1.

Baxnas poap npuHUMHOa u3oMOpdH3IMa 3akauaercs
B TOM, 4TO OH NO3BOJsieT Ilepe/laBaTh 3ajaHHOe MOJI0XKe-
HHE Bellfed Ha pasauunbix asgeikax. VI spgecs MB HmeeMm
«CHCTeMbl», BOIJIOHIEHHblE B DAa3JIHUHBIX «MaTepHalbHbIX»
o6pa3ax, HanpHMep B HeMeUKHX U (ppaHIY3CKHX CJIOBaXx.
somopduam 3THX pasNHUHBHIX A3HKOBBIX H30GpaMenuil
no-npeXxHeMy HenOCTyleH HelocpelcTBeHHOMY paccMmoTpe-
mmo. On oGHapyxKuBaercs TOJNbKO B TOM cJyuae, €cad
nabarozatesab MUMeeT B CBOEM pacropsizeHnH wWudp, T. e.
C/I0Bapb, OCYIIeCTBASIOUHA COOTBeTcTBHe 00beKTOoB obouX
Hsobpaxenul M ycraHaBJAUBAOWMA H3OMOPGU3M MeXAy
IBYMsl CHCTeMaMH. B TOUHOCTH Tak e Mbl NOCTYNHJH A1
YCTAaHOBJEHHSI H30MOp(H3IMa MeX1y ¢urypamu, uaobpa-
JKEHHBIMH Ha pHC. 8 U 9: Mbl NePeudcAHJIH TOHSTHSA, KOTO-
pEIM NpHAAJJH ONMH M TOT e CMBICJ, XOTs AJisS Henocpei-
CTBEHHOI'0 HalJiofeHHst OHH ObINKM COBEPINEHHO pPassMYHH
(TOuKH, NpsAMBIe, OTHOLUEHHS CBA3H).

MexmiountenbHast BaXXHOCTb NPHHUHNA H3oMOpdusma
O0bACHAGTCA TeM, UTO0 OOMEH MBICJAAMH MEXAY JIOALMH
BO3MOX(€H TOJbKO MOCDPENCTBOM 00pa3os8, B KOTOPBIX KOH-
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KPeTH3HPYIOTCsi MepeljaBaeMble MBICAH H KOTOpHE He1alof
BOCIIpDHATHA OAHUX JIOLEH NOCTYNMHBIMH NMOHMUMAHHIO OPYLHX
J0JeH. DTH 00pasbt CO37aI0TCA A/ TOrO, YTOSH HX MOTIH
BUIETh, CABIIATL, a TakkKe NOHMMaTb Te, KTO MMeeT I/a3a,
4TO6GBl BHIETb, H YHUIH, 4TOOBl CJAHINAThL; CJAENOBATEIbHO,
OHH OYAYyT NMpaBHJbHO, T. €. H30OMOP(HO TOJIKOBATH Ty HH-
dbopmanuio, Kotopaa OyneT NOCTHraTh MX CO3HaHHs.

Mgl 3HaeM, Ho penko OTYET/NIHBO 3TO CO3HaeM, KaKoe Ko-
JUUeCTBO 3TalloB TpeGyeTCcss HalUUM MBICASAM HJH TOrO,
uToGbl OHM MOIJIH ObITb BOCIPHHSITH OKDYXKalOMUMH Hac
aoabmu. Ecnn g ¢ kem-HuOynb pasroBapHBalo, TO Hpexie
BCEro f JOJIKEH NpH NMOMOL[HM MOEH pBUraTesbHOH HepBHOM
cucTeMnsi npeo6pazoBaTb MOH MBICAH B psll NpOH3HeceH-
HBIX CJIOB, KOTOpBIe B BHAE KOJeOaHUll BO3nyXa pacnpo-
CTpaHAKTCS B BosjayXxe. IDTH KoJMeOaHHA HOCTHrAlOT yXa
moero colecefHHKa W 3Jech npeolpasylorcss B aHaJOTHY-
Hble (u3omopduble!) KosnebaHus GapabaHHOH meperoHKH.
IMocnennne kose6aHns BOCTPHHHMAIOTCH CJIYXOBHIM HEpBOM
cobecentuxa, H B pe3yJbTaTe B €rc CO3HAHHH BO3HHKAET
CHCTeMa MBIC/eH, KoTopasi, Kak H BCe Nepeunc/eHHhle Bhillle
(bH3UKO-(PHU3NOMOrHUECKHE POMEXKYTOUHBE CTYIIEHH, H30-
MOp(pHa ¢ Moell nepBOHa4aJbHOH cHCTeMON MbicaeH, mpu-
Bejllledl B jBUXKEnHe Becb pAl H30MOpP(HBIX Mexny coboil
«06pas3oB».

ITpn stom Heo6XOLHMO NMOLUEPKHYTH CJeiyiomiee: LJs
NPaBHJIBHOTO TOJKOBaHHS YC/ABIHAHHON peud BaXKHO TOJb-
KO, uToGBl cicTeMa Meicjell, Bo30yxKjaeHHast B CO3HaHWU
coBecennnka, Oblna H3oMOpOHON, CTPYKTYPHO-npaBHALHON
KapTHHOA MOero «opurusana Meicael». To, uto cobecen-
HUK CBSA3HBAaeT ¢ 3TOIl KapTHHOH KauyeCTBEHHO, C TOUKH
3PeHHst Halllero COTJalleHus He uMeeT 3HaueHus, YUesosek,
pacckaspiBalomMUi cayiuaTesnsaM O BHIEHHOM HM JaHauad-
T€, BO3MOXHO HCNbITan Obl NOTpsiceHHe, ecad 6bl OH MOr
NepeBOfIOTHTBCA B cJyllaTeJs H TakuM OYTEM Henocpej-
CTBEHHO NOYYBCTBOBATh, KaK DepPeXHBAET ONHCHIBAEMYIO
CHTyauulo CcAaymarteab. XOTA CaylIaTesib BOCIPHHHMAET
CYTb pacCKasa NpaBUIbHO, 6UOUT OH — TOJL BJHSIHHEM CO-
IPOBOXK JAIOUIHX TNiepekUBaHMIl — MOJOXKEHHE Benlefl, Bo3-
MOXHO, coBcenm nHaye. Creg0BaTe/bHO, 31€Ch HMEET MEeCTO
Takas e CHTYauusa, Kak H BbIlEe NOPH ONHCAHHH JUCKYC-
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CHH 1la TeOMETPHUeCKyw TeMy: TOBOPSIUIN OnucHBaeT
reoMeTpluecKylo cucremMy, Humes B BHAY &urypy Ha
puc. 8, a caywareap, cAejsiiuii 3a pasroBopoM, HMeeT
B BHAY H30MOpPQHYIO CHCTEMY [IapoB, H300paiXeHHYIO Ha
puc. 9.

Otcroma creayer, 4To ¢ y4eTOM JOTHYECKOH NpaBiljib-
HOCTH TeOMeTpHH 0e3passinuHo, Kak HaIrJsagHo WIH Mare-
pHAa/NbHO HHTEPNPETHPOBATh KOHCTPYKTHBHBIE  3JeMeHTHI
reoMeTpHH, T. €. TOUKH U NpsAMble, a TaKkKe CYLIECTBYIOMHE
MEXAY HHMH OTHOUIeHHs, BaXHO JHllb, YTOOH B pasjiHy-
HBIX TOJIKOBAHHAX KaX/H# pa3 6blid NeHCTBHUTeNibHBH Npa-
BH/la (aKCHOMBL), KOTOpDBIM IOAUHHsAeTCs cucTema. Torka
BCe 3TH H30MOpdHBIE «H300paKeHus» OYAYyT HMETb OJHO
H TO e JIOTHYecKOe CTpoeHHe, — U 3Ta obllasi CTPYKTypa
¥ npencTas/ser cob00f CcOOGCTBEHHYIO CYTb, BHYTPEHHIOIO
ijuew0 anemeHTapHofl reomerpud. Oanaxo 3Ta upest o0Ha-
py»XuBaeTcss TOJBKO TOIJa, KOTAA K NOHHMaHHIO reoMeT-
pHH HAYT 1O NpaBHAbBHOMY NYTH H HpH 3ToM 0cBoGO-
KAATCA OT NPEAB3ATOr0 MHEHHS O TOM, 4TO [eOMeTpHs,
paccmaTpuBaeMas yxe KaK JIOTHUeCKOe YyueHue, siKOGHI
T0MKHa OBITb HEpa3pblBHO CBfi3aHa C HarJAAQHBIMH Tpef-
CTaBJendsMH, KOTOpbie Ha NepBoHauya/bHOH 3MIHpHuUecKoi
CTYINeHH HCCefOBaHNA OblIH NPHCYHIM TeOMETPHH B COOT-
BeTCTBHH C HMMEBIIMM MECTO eCTeCTBeHHBIM B3IVIANO0M Ha
npoctpaHcTBo. ONHO TOABKO «paccMaTpuUBaHue» HJAH Mps-
moe HabmiojeHue, pexomennosannoe Hlonenrayspom u
I'éte, HemoOCTATOWHBI IJ/Is1 TOFO, UTOGHEl NMOCTHYL HHEK leo-
MeTpHH. JTa Hzes CTaHOBHICS ACHOH TOJIbKO B TOM CJY-
yae, ecqH HMATH 1O NyTH HMeAYKUHH, CTPOTOro MaTemaTtHue-
CKOTO aHanu3a M CuHTe3a.

ITpu rakoM noJsoKeHuu BeueHl BpPsSR JAH HeoGXOAIIMO
pas3bACHATb INOLNHMHHYI0 TAy0uHy HHTepeca TreoMeTpuue-
CKOTO HCCAeJOBaHUdA, MO KpalfiHel Mepe YHTaTe M, HME-
LIMM CKJAOHHOCTb K (HA0COMCKHM pPasMBILCHHAM, T. e.
TeM, KTO B Macce HecTpPHIX, XaOTHYECKHX MepeXHBaHUHA H
HabnoneHufl HLeT Hen3MeHHble GakTopbl U PYKOBOAsIIHE
uieH, cnocobHble BHECTH MOPSAIOK B 3anyTaHHbie Nepexiu-
BaHWsa ¥ NpHAaTh OLITHIO 60Jiee BHICOKHH CMBICI.

OnHako UeHHOCTb JIOTHYECKOH, MaTeMaTHUeCKo#l TeopHH
OTHIOLb He HcUepnblBaeTCs yKas3anHOH duaocodckoil u Teo-
peruxo-no3HaBaTenpHoll uepToil. Teoperuueckoe wucchueso-

58

§ 7. ICTONMKOBAHHE OCHOBHBIX TEOMETPIIUECKIIX [TOHSTII

RaHile NPHBOJIMT K HOBBIM B3IJsiJaM, 3HaueHlie KOTOPHIX,
B TOM UHCJe H NPaKTuseckoe, BEIXOAUT NaJeKo 3a lipeesbl
llePBOHAYaJ bHBIX TIPaHHll  IMIHPHUECKON CTYyNMeHW cTaHo-
Baenus Teopiu. s Toro 4tolhl B 3TOM VOEHNHTHCHA, 70CTa-
TOUHO BCIIOMHHTb, YTO OBIJI0 CKa3aHO BhIUIe O Pas/HUHbIX
«TOJKOBaHUAX» 3jlevenTapnoit reoMetpud. OiHa H Ta XKe
JI0THYecKas CTPYKTypa MOMeT MDOSBIATBCA B CaMblX pas-
HOOGDa3HBIX TEeOPeTHUECKHX HWAH HalIAJHBIX CHCTeMaX,
npuyeM B TaKHX ONeAHHAX, KOTODbHie HA NEepBHIH B3I
He HMeloT uudero obmero mexny coboft. M ecan sra 06-
1ias CTPYKTypa, HE3aBHCHMO OT BO3MOMXKHOCTH ee CaMmoro
Pa3Hoobpa3sHOr0 TOJKOBAaHIf, TEOpeTHYeCKH pas3bsACHeHa,
TO CBefeHus, CKOHLEHTPHPOBaHHLIE B JOMHUECKOH TeopuH,
MOXHO cpa3y nepeHeCTi na BCe yKa3aHHble pasnoofpas-
Hble TOJNKOBaHHA H/AN «H300paKenysi», NpPH YCJIOBHH 4TO
CyllecTBeHHble OCHOBHbIE TOHATHA (OCHOBHEIE OGBEKTH H
OCHOBHBIE OTHOIIEHHA) B 3THX TOJKOBaHHAX YIOBJETBO-
PAIOT OMHHM M TeéM Xe OCHOBHBIM npasiiaM (akcHoMaM).
B camom gmese, ecai B OAHOM TaKOM CleHHasbHOM TOJIKO-
BaHHH AaKCHOMB TEODHH UPaBHJABHHE, To B 3TOM TOJKO-
BanuH 0e3yc/OBHO NpaBWibHBE TakXe Bce CJAeICTBHsa H3
aKcuoM (Teopembl), M [O3TOMY [ajbHelluee MNOATBepKe-
HHE 3THX TeopeM (B «H306paKeUHaX» HJIM B «MOZENSX») H3-
JaulIne.

ITepexon ot onmoro TONKOBaHMR K APYrOMY TpexnpH-
HHMaercsi Bceria B TeX CJayuasx, Korga obuias Teopus
npumerserca K Kaxkoi-HuOynb HOBO{l TeOpETHUECKOH HJIH
npakTHueckold obaactH. MMeHHO Takum nyTeM MaTemaTH-
YeCKH-JIOTHYECKOe HCCIefOBaHHe [03BOAAeT NPH CO3ZaHUU
CBOMX abCcTpakTHBIX OOIMX TeopHil naTh CBeNeHHSIM, CO-
OpaHHEIM B 3THX TeOpPHAX, TakHe BO3MOXKHOCTH NpuMeHe-
HUSl, KOTOpblE BBIXOAAT HaJ/eKO 3a Npeieqbi NepBOHaualb-
HO{ 00s1acTH MPHMEHMMOCTH TEODHH B ee CHIDOM, HATy-
panbHoM cocTosinnu. HayuHele uccsenoBaHHS JBHKYTCA
Blepen G/1aronaps TeoperTHKO-NO3HABATEbHOMY WHTepecy.
Ceo¥t e nma(oc OHH NOJAYYAIOT OT HPeABHAEHHUS, 4TO Teo-
petnueckas paboTa sABAsieTCs He TOABKO BO3BLILIEHHO
CaMOUeabio, HO M CPencTBOM JJIfi MOJY4eHMs HOBEIX pe-
3yabTaTOB OOLIEro Xapakrepa, B TOM uHC]e H MPaKTUye-
CKuX, ¥ NPUTOM TaKHX, KOTODPBIE MOTYT PaCKpbiTb COBep-
[IeHNO HeOXIA2HHble CBA3M MEpPBOHaYanbHON OBJAacTH M-
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CJeJlOBaHUA C JPYTUMH 06/JacTAMH, He HMEWIHMH C Hep-
BOfl Kaza/jocb OBl HUKaKMX TOUEK CONPHKOCHOBENHS.

Hinke MBI YBHIMM, YTO TEOPHS OTHOCHTE/NIbHOCTH JiH-
mTefiHa B CYIECTBEHHOM OCHOBaHa Ha Ilepexone oT OJHOrO
TOJIKOBaHHs K APYroMy, a MMeHHO K TOJKOBAHHIO TeOMeT-
puH B o6aacTH (pu3uuecKux COOGBITHH, O BO3MOXHOCTH KO-
TODOTo paHbllle H He 10/03PeBaJll.

§ 8. TeomeTpus Kak maremaTHueckad Teopus

Caenam 0630p H3J0XEHHOTO B NpeIBAYLIMX naparpa-
(hax ¥ OJHOBpEeMEHHO JONONHHM OOCyKIaBluHecs Bhlille
0coBedHOCTH.

Mpt Bugenu, xakuMm o06pa3oM 3JeMeHTapHO-reoMeTpi-
uyeckas CTPYKTypa MoxeT OblTb BHIpaXKeHa B pa3/IHUHBIX
MaTepuaabHeIX 06pasax. «CyTb» reoMeTpHH crelyeT HCKaThb
B ofueM CTPOEHHH pasAnyHblX H3oMop(pHBIX 06paszos. Ilpu
3TOM CJeJ[yeT OTBJeubCst OT — eC/H TaK MOXKHO cKa3aTb -—
cay4affHHX KauecTBeHHBIX Pa3JiMuuil reoMeTpHuecKHX 06Db-
eKTOB M OTHOIeHHH, NMPOABJSIOUUXCS B pacCMaTpUBaeMbliX
ofpasaX, U COXPaHHTb TOJbLKO TO, UTO siBAsieTcs OOMHM
L1 Pa3/IHUHBIX «TOJKOBaHHI».

Uro xe ocTaercs B KauecTBe NMPH3HAKA NOHATHA «TOU-
Ki», €C/H 3TO IOHSITHE MOMKHO HUHTepPNpeTHPOBAThH TaK CBO-
GonHO, Kak 3To 6GblIo clelaHO NIPH paccMOTPEeHHH pasJsHu-
HBIX «H306paxenuii»? B caMoM nese, oxvH pa3 Mbl paccma-
TPUBAJH TOUKY KaK «MeCcTO» B BHAHMOM, HJIM BOCNpHHHMAae-
MOM, IpoCTpaHCTBe, B APYTofl pas — Kak «lPSMYIO», B Tpe-
THI pa3 — paxe Kak wap. Yro obiero, B KOHLe KOHIOB,
uMeroT 3TH cuMBoabl? OueBHAHO, HEMHOro, OAHAKO, He-
CMOTPsA Ha 3TO, BCE )Xe HEUTO BecbMa Ba’KHOe: TOUKH CYThb
¥MeHHO o6beKThl, KaKue-T0 o0beKThl, OT 0COOBIX KayecTBen-
HBIX CBOIHCTB KOTOpHIX FeOMeTpHst OTBJIeKaeTcss. B xauecTse
¥X eIHHCTBEHHOro CylIeCTBEHHOrO NpH3HAKa ocTaercs
TOJbKO OIMH HpPH3HAK: <«TOUYKH» [peaAcTaBasiorT cobofl
Kak Obl CaMOCTOSATEAbHO CYLIECTBYIONINE «HHAHBHIYYMBI»,
KOTOpHIE MOXKHO OTJIMYaTb OAMH OT APYTOro. 3T0 O03Hauaer
caeaywiiee; B reoOMeTpHH NPHHHMaercs, YTO OTHOCHTEJbHO
nByx Touek A u B a priori 3aiaHO HIH H3BECTHO, pasaud-
Hbl JIH OHM WY uleHTuuHb: (B NOciaenHeM chiydae, NpHMe-
HAS reoMeTPHUecKyl0 TepMHHOJIOTHIO, TOBOPAT, UYTO OHI
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«cosnaparoT») '). lmewT aum oHu, xpome TOro, dopmy
«TOUKH», <«JIHHHH», <«IIapa» WIH KakKoro-HHGyIb APYyroro
00beKTa — C TOUKH 3PeHHst NeAYKTHBHOH CHCTeMBl TeoMer-
pHH He uMeeT 3HaueHHs,

«[Ipanmble» TakkKe ONpenessiioTcst KaK MHOXECTBO HEKO-
TOpBIX O00BLeKTOB WA npenmeTtoB. M ouu npunumarorcsa 3a
CaMOCTOATEIbHO CYLHECTBYIOLIHE «MHAHBHAYYMBI», KOTOpHIE
MOMKHO OTJAHuYATb OXMH OT apyroro. Mx inoxecrBo ofpa-
3yeT coOcTBeHHEIl HHIMBHAYaJAbHBI!l BHA Hapsiny ¢ MHO-
JKECTBOM «TOUEKY.

Hapug 'mabGepr (1862—1943) Haunnaer cBoe H3J0-
JKeHpe eBKAHAOBOI TeOMeTPHH NPOCTPAHCTBA, NOABHBILIEECH
B HauaJ/le TEKyLIEero CTOJIETHA M MPOJIOKHBLIEE B FeOMETPHH
HOBble NYTH, CAeAYIOUHMH caoBamu: «BoobGpasum cefe
TPH poaa Beulefl, koTopele OyneM Ha3biBaThb TOUKAMH, nps-
MBIMH H IIJIOCKOCTSMH®», W JaJjee «Mexny 3THMH BemaMH
NycTb CYHECTBYIOT OINpeje/ieHHbie OTHOIUEHHs». 3arteM
[unnbepT BBOLMT OCHOBHBIE OTHOLIEHMsi: CBSI3H, [OPsALKa
H KOHIpY3HTHOCTH (cM. c1p. 46). M Haxowneu, nepeumc-
JsieT NpPHHATbIE OCHOBHblE INpej/loXKeHHst (aKCHOMBI), KO-
TODHIM TIOJYHHAITCA OCHOBHble OGBEKTHL H OCHOBHbie OT-
HOLLEHHSI.

Ha ocHoBe cKasaHHOro Bhlllle $iCHO, KaK CJENyeT IOHH-
MaTb OCHOBHOe npennojoxenue I'uanbepra 06 OCHOBHHIX
o6wvektax. Hanpotus, Ha noHsTHH <«OTHOLIeHHe» caenyer
OCTaHOBHUTLCA NOApPoDSHee.

Ecnn Mbl ycaaBnnBaeMcsi He CBA3LIBATH € OCHOBHBIMH

o6beKTaMH «TOUKa» H «NpsiMast» IepBOHadaJbHble «reoMer-

) Takoro poxa cOBOKYMHOCTH, oBpasopanHble OGLEKTamMu [IPOH3-
BOJIbHON MpPHPO.lbl, HCCJEAYIOTCH B TakK HasbiBaeMOR obujed Teopuu
muogcects. HanGoree mpocThie MHOMECTBA KOwedHb: OHH Ccogepkar
KoHeyHoe uHC/I0 OOBEKTOB, HANpHMED MECATh HJAH MUAMHOH # T. I
HauGosiee TpyiHble NPOG/EMH TEOPHH MHOKECTS OTHOCATCS K Gecko-
He4KbLM MHOKECTBAM, COACDAKAIUHM HEOTPAHHYEHHOE YHCIO OGBEKTOB.
K wHeny nocneiiix MHOKeCTB OTHOCHTCS MHOMECTBA OCHOBHBIX 0Gb-
€KTOB TeOMETPHH (TOUeK, mpsMbiX). DTO COOTBETCTBYET HAIIEMY ecCTe-
CTBEHHO-HAl/ISIAHOMY UPEeJCTaBIEHNIC (CM. B CBS3H C 3THM CKa3aH-
ioe 1o 3TOMy noBoAy Ha crp. 20), ¥ 37O MONKHO A0Ka3aTh, HCXOIA
H3 aKcHoM reomerpuu, IlpaBia, COBRpeMeHHbIe akCHOMATHYeCKHe HCCJe-
JAOBAHUY DACCMATPHBAIOT TAIOKE TaKHe [EOMETPUUECKHE CHCTEMbl, KO-
TOpBIE He COBNAJIAI0T C €BKJUAOBOH CHCTeMOH M KOTOpbe COjlepKar
TOJIbKO KOHEUHOE YHC/I0 OCHOBHLIX OOBLEKTOB (T4K HAa3blBaeMble «KoHEW-
HBIE» TEOMETPHH).
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pHuecKue» CBOHCTBA, TO, OUEBHIHO, OTHOLIEHHE «TOUKa Je-
KHT Ha upsaMoil» Takxe Henb3s fosple TOJMKOBaTb B CO-
OTBETCTBHH C €ro ecTeCTBeHHO-TeoMeTpHYeCcKHM IpeJcTa-
BjaenneM. B Takom cnyvae BO3HHKaeT BOIIPOC, Kak XKe
VMEHHO cJeflyeT NMOHHMaTb C/JAOBO «OTHOLUEHHE»?

Bomnpoc pelnaercs Tak Xe, Kak H B cJ/yuae abcTpaxr-
HEIX 00BEKTOB «TOHKa» W «npsiMasi». B camom pnene, Kpu-
THUECKOE pacCMOTpeHue J1060ro yuefHHMKa 3/eMeHTapHOH
reoMeTpPHH TOKA3bIBaeT, 4YTO €ro JOrHuyecKHe IMOCTPOEHHs
HHIe He anejJupyioT K TOH Har/isjHOH CHTyalHH, KOTO-
pPYiO TIepBOHAYAJBHO MBI COEJHHSeM C OTHOUIEHHEM CBA3H.
Hoctatouno, ecau [Js 3agaHHON TOYKH M 3alaHHOH nps-
MOH NpHHHMaeTCss TaKXKe 3aJaHHBIM, 4TO Touka JubO Je-
KHT Ha npsamolf, nnbo He JeXuT Ha Hefl (B nHocjenHeMm
cayuae TOBOPAT, YTO ToduKa HaXOLHTCS BHe NPAMOI).
B pa3snuyHBIX TOJIKOBaHHSX FeOMETPHH 3TO OTHOUIEHHEe M0-
JydaeT KaxXIblil pa3 HOBOe KOHKperHoe OCYyL{ecTBJIeHHE.
Tak, nanpumep, oTHOUIEHHE CBSI3H MeX1y Touxkolt A u mps-
MOii b B «AapoBOM» TOJKOBaHHH O3HayaeT, 4TO B 3TOH
KOHKpeTHO# cHcTeme «o6pas» Toukn A (Genwlii map)
coefiHeH HHUTBIO ¢ «ofpasoM» npsmoil b (c depHbIM
11apoM).

AnanoryuHsiv 06pa3oM OOGCTOMT He/I0 H C OCTaJibHbIMH
FeOMeTpHYeCKHMH OTHOUWIeHUAMH. TakK, HanpuMep, OCHOBHOE
OTHOUIeHHE MOPSAKA, KOTOPOE NPH eCTEeCTBEHHOM, Harasii-
HO-TEOMETPHYECKOM IpeiCcTaBJeHHH COOTBETCTBYET TOMY
06CTOATENbCTBY, UTO TOUKM NPSAMOfl MOFyT OBITh «TONOJO-
FITYECKH» DACiIONOKeHB B ONpeNeseHHOM MNOpAjKe — cjieBa
Hanpaso HJad Hao0OpOT, T. €. clipaBa HAJeBO, NOJHOCTBLIO
ocBCOOXKAAGTCA OT 3TOr0 HaraagHoro cojepxanud. Tem
He MeHee, MOXKHO ¥ BNpelb TOBOPHTL O «PacHoJOXKeHHH
B ONpPEeNeJeHHOM MOopsiiKe», OCHOBHIBAACh NPH 3TOM HCKJIO-
UUTeNbHO Ha BTOPOM OCHOBHOM OTHOLIEHHH, YXe yHnoMi-
HapileMmcst Ha cTp. 46:

Ecau tpu Toukn A, B, C nexar na npamol I, 1o onda
BriOJHe onpelesiennas u3 HuX (manpuvep, A) nexur we-
KAy nByMs ocTalbHbiMH (B 1 C).

IIpu 37OM CJI0BO «MeXAy» He cJeayeT NMOHuMaTb B €ro
O6LIYHOM CMBIC/IE. DTO CJOBO NpHMeHseTcs TOAbKO C LeAblo
yKasaTb, uTO eCJH 3ajaHbl TPH CoBHajaimolide ¢ npaMoh [
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TOUKH, TO OfHY BNOJHe onpepeneHHyio us miux (A) npusu-
MaioT 86i0eneHHO W3 OCTANbHBIX, ITO MOXHO Obijio Ol
BLIPA3HTh TaKxe CAelVIOUHMH caosaMu: cHeteame (4, B, C)
H3 TpeX TOUYeK, NMpuHAIeXaUuX npsmoit [, coorsercrayer
BIOJIHE onpeaesieHHas Touka (A) cucTembl, 06 3Toii TOuKe
FOBOPAT, 4TO OHa «JeXKHT Mexkay B u C».

M 370 OCHOBHOe OTHOLIEHHE MeX1y TOUKaMil CHCTeMbl
TOYeK IPHHHMaeTcss B eBK/JAUAOBOIl reoMeTpHIl ITOCKOCTH,
KaK 3apauee 3a0aHHOe, He3aBHCHMOE OT OCTa/JbHBX OCHOB-
HBIX JONYIEHHH. DTUM TeoOMeTPHH NpuaaeTcs HOBas CTPYK-
TypHass uepTa B NOMNOJIHEHHE K TOMY, 4TO COHEpIKHTCSH
B OCHOBHBIX JONYHIeHHsiX (aKCHOMaXx), KacalomuXcs OCHOB-
HBIX 00DBeKTOB (TOuKa, HpsAMas) H OCHOBHOTO OTHOUIEHHS
CBA3U (TOYKA JIEKNUT Ha npaMoi).

AxajornuHelM 06pa3oM, KOHFPYSHTHOCTb ABYX OTpPE3KOB
AB w CD (unu ayuwe: nByx nap touek A, B u C, D) ne-
o0xonMmo noHuMath cJaenywmouum o6pasoM. Ba npowus-
BOJIbHHEIX OTPE3Ka MOTYT HaXOAUTbCS OIHH C APYTHM B OJ-
HOM H3 JBYX OTHOWIeHHil: Jnu60 OHM KOHTPYSHTHBI, T. €.
OJHHAKOBB! 1O [1JHHe, JHGO OHH He KOHrpysHTHE. Cienosa-
TeJLHO, OCHOBHOE JonylieHne o6 OTHOLIeHHH KOHID y3HTHOCTH
(ctp. 46) yTBepxnaer, UTO Aast ABYX 3aJaHHBIX map Touek
(A, B u C, D) upunumaetcs 3aiaHHbIM OIHO M3 IBYX:
an6o OHM COOTBETCTBYIOT O/JHAa APYrofi — B TaxkoM cjayyae
OHH Ha3blBAlOTCH KOHTPYIHTHBIMH (HMEOHHMH OfHHAKO-
ByIO IJHHY), A100, HaoG0pOT, OHH He COOTBETCTBYIOT O/HA
Apyroft (Torna 3TH maphbl TOYEK Ha3BIBAIOTCA HEKOHIPYIHT-
HbIMH) .

Ta wactb cHcTeMbl eBKJHIOBOH reoMeTpuH, KoTopasi
3aHHMAeTCs TOJLKO OCHOBHBIMH OTHOIIEHHAMM CBSI3H H IO-
psinka, HaswiBaercs addunnord reomerpueil. Ecau nocnen-
HIOI0 JOMOJNHHTb MOCTYJaTOM OTHOINEHHST KOHTDYIHTHOCTH,
TO OHA MePeXOJHT B METPUYECKYIo reoMeTpHIo,

IMepefineM, HakOHel, K OCHOBHHIM HpPEIJIOKEHUAM, T. €,
K aKCHOMaM eBK/IHIOBOH reomerpnu. OHM COHEPHKAT fanb-
Hefllude orpaNHYHBaWIHe MAONYLUIEHHs U OpaBHAa s
OCHOBHBIX O0BEKTOB H OCHOBHBIX oTHOMeHHH. C npumepaMu
AaKCHOM MHl JIO3HAKOMMJIHCH BbIllle (Npel/oxKeHHe ] Ha
cTp. 12 H akKcHOMa mapa//iedabHOCTH). DTH aKCHOMBL Ka-
CarTCH OTHOMICHHA CBSA3N,
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PaceMoTpiuM BHOBb, ¢ TOUKH 3DEHHsl 3TIX JBYX aKCHOM,
pucyrok 9 (crp. 55) I}, Ha Hewm wu3zobpaxKedbl TPH TOYKH
¥ Tpu npsamble («touku» A, B, C u «npsameie» a, b, ¢).
Kpome Toro, Ha nem npejiCTaBJeHO OTHOLIEHHE CBSI3H B BHIE
HHTeH, COeJMHSIOUINX ONpejeseHHBIe TOYKH C Onpejesel-
HBIMH TIPAMBIMHU.

CrnpaBenJauBa Ji B 3TOH KOHKpPETHOIT cHcTeMe aKCHoMa:
«yepe3 JiBe TOYKH NPOXOJLHT TOUHO OJHA MpsAMas»?

B3risa Ha PHCYHGK NMOATBep:KIaeT 3TO MpaBIio: «ue-
pe3» Toukd A W B npoxoauT 0OHa npsiMasi, a HMEHHO Nps-
Mas ¢, a uepe3 toukn B u C — npamas b. CiaejnosarelbHo,
NoKa Hallla CHCTeMa eBKJIHAOBA.

Ho xax o6CTONT 170 ¢ aKCHOMOil napaJlleqbHOCTH?
Paccmotpuw na puc. 9 npavyio a. Brae ee aexur toura A.
Uepes nee npoxoast ase npamule (b u ¢). O6e nepecekait
npaMylo a {(nepeas B touxke C, Bropas — B Touke B). Cre-
JIoBaTeqbHO, dYepe3 TOUKY A He NPOXONHT HU O0O0HOL Tps-
MoH, mapaaJjenbholl npavoil a. Takum oGpas3oM, B cHCTeme,
uzobpaxeHHo#l Ha puc. 9, axkcuoma mnapa/ielbHOCTH He
HMeeT MecTa.

smeHnM 3Ty cHcTeMmy, NpUAaB el BuA, H300pasKeHHbI
Ha puc. 10. «Toukn», «npavble» H <OTHOIIEHHS CBA3H»
6ynem MOHHMATB Tak ke, Kak Ha puc. 9. Uepes tourn A
n B Ha puc. 10 npoxoaut no-mpexHemy TOUHO OnHa npf-
mast b. Paccymotpim Teneps npsiMyio a i TOuky B, Jexa-
myo Bie npavofl a. Uepes Touky B npoxonsar nBe mpsiMbie
(¢ u d), He «nepecexawlney NpsiMyr a. DTO0 O3HauaerT,
uro B cucTene, lizo0paxkennoil #a puc. 10, akcuoma mna-
pasJesbHOCTH HEeNpHMeHlIMa; CAe0BaTe 1bHO, U 3Ta CuCTe-
Ma «He €BKJIL10Bay.

Haxoneu, paccmorpuy pic. 11, nsobpaxaooiuil terpa-
31p, c/ex0oBaTeabHO, Teno B npocTparcrge. Opnako Ha
MHHYTY OyjJeM NOHHMATL 3TOT PUCYHOK, Kax HAOCKYIO CH-
CTeMy, COCTORIIYIO H3 ueTwipex «Touek» A, B, C, D u me-
cTH «npaMblx» a, b, ¢, d, e, f. Otnoienue cBasn Gyuem
HHTepnpeTHPOBaTh TaK K€, KaK ¥ B fPOCTPaHCTBEHHOM
H306paxeHul TeTpasipa (4epe3 KaxKIyo TOUKY NpOXOAAT
TOYHO TPH NPAMBIE).

1) HasbHeliliHe paccyKAeHHS MOXHO BECTH TaKkKe Ha OCHOBE
puc. 8, xoropslii HusoMopden ¢ pue. 9.
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Cpasy BHIHO, UTO M B 3TOH CHCTEME uepe3 Ka/bie
AB€ TOYKH NPOXOJAMT TOYHO OJHa npsamas. Ho B atofl cu-
CTeMe YHOBJETBOPsIeTCA TakXe akcuoMa mapanfenbpHOCTH
(narpumMep, cpems Tpex NpsMbIX b, ¢, €, NPOXONAIUMUX ye-
pes Jexalluyio BHe UpsAMOH a Touky A, UMeeTcs TOUHO o/HA
npsimasi, He nepecekarmoinas NpAMyio a, ciejoBaTefbHo, na-
paqanenbHasa npamoil a).

Takum oGpasom, cucrema, H3o6pakeHHast Ha puc. 11,
B OTHOWEHHH  aKCHOMBl MapaJ/iieqbHOCTH — eBKJHIOBA.

Puec 10 Puc. 11.

Brlio 6bl BecbMa NOYy4HTENBHO HCC/IENOBATH 3TY CHCTEMY
nocpencTBOM H30MOpPGQHOH ¢ HeHl cucTeMB, B KOTOpOH Tou-
KH ¥ OpsiMble NPEACTaBJEHbl, Kak ¥ Ha puc. 9, nBymsa Bii-
AaMy 1apoB, a CBA3b MeXAY TOUKOH H INpaMoOH — o-
NpexHeMy JIHHUeH, coenuHsouell Genblil 1 uepHbH Waphl
Ecan uutatens nompoGyer HaueprHThL Takyl CHCTeMYy, TO
OH NOJYYHT JOBOJbHO CJAOXKHYIO purypy. Bes TouHmx nosc-
HeHUNl HeJerko 6ymeT porajatbesi, urto 3Ta Hrypa H3o-
Mopoua ¢ durypoit na puc. 1! u uro, crenosatensro, obe
(Urypel BEIPaKaioT «Ha pa3HBX s3bIKaX» OAHO H TO IKe.

[TpnBeneHHble Bbillle pacCyXIEHHs HMEJH CBOHM Npej-
MaTOM eBKJIWIOBY cucreMy. ONnako OHHM OCBELIAOT HPH-
POny MareMaTHUYeCKHX TeopH# BOOOGIle, HZ KOTOPLIX yueHue
Esknuna npencrasasier co6oit aseMeHTapHHI KiaccHue-
CKHHA npuep, 0CO0EHHO BaXHbIi, €CcJAHM YYeCcTb ero poJb
B najibHefllleM Pa3BHTHH MaTeMaTHKH.

B mxone Mbl H3yuasu npyroe ssemeHTapHOe MaTeMa-
THueckoe yueHne: apugmeruxy (un anrebpy). Y sto yuenue
MOXET ObiTb Pa3BMTO H3 CXaTol OCHOBHOH cHCTEeMB B
NpHHLKEIEe TAK XKe, KaK 9TO Je/1aeTcst B reoMeTpHi.

-
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OcHoBubiMH 00BeKTaMH apHGMeTHKH ABJAIOTCS «UHC-
Jar. MexJy HHMH TaKxXe CYWECTBYIOT ONpEeaesIeHHbIe
OCHOBHHIE OTHOLIEHHH, 3a/aBaeMble TaK Ha3blBaeMbIMHU Tpa-
BuiaMu onepanul. Onepauus CJOOKEHHA OTHOCHT K Ka-
KIOH mape uucesa a, b BHOHe ompene/eHHOe TpeTbe UHC-
10 ¢, HazblBaeMoe HX cyMMoll (oGosHauaerca: a+b=c).
OcHoBHoe OTHOINEHHE «YMHOXKeHHe» olpeieseT s IBYX
3ajaHHBIX uHcesJ a W b BnosaHe onpejeJeHHOe TpeThbe UHC-
10 ¢ (oBosHauaercsa a- b=c),

DTH apudMeTHuecKHe OCHOBHble MOHATHA (0OBEKTH H
HX OTHOINEHHS) TONUHHSAIOTCH ONpelesieHHHM OCHOBHBIM
3aKoHaM — akcHoMaM. [IpHMepaMH TakKHX OCHOBHBIX 3@+
KOHOB MOTYT CJAYXKHTb 32KOH KOMMYTaTHBHOCTH CJIOXKEHHS
(a+b=b+4a) u 3akoH accouuaTHBHocTH [(a+}b)+c=
=g+ (b+c)], a TakKe COOTBETCTBYIOIIHE AaKCHOMBI 14
ymMHOXeHus [ab=>ba u a(bc) = (ab)cl.

M3 3THX OCHOBHBEIX MOHATHH (uMces, OTHOLIEHHH cCJO-
KEHHT H YMHOMEHHsi) 1 aKCHOM MOMKHO BbIBECTH BCe
ocTalbHble apudMeTHUECKHE NOHATHS H TEOPeMbl Joruyue-
CKHM TIyTeM TaK e, Kaxk 3TO Je/aeTcs B I'eOMerpuH.

Bosee o6iiHe OCHOBHble CHCTeMbi paccMaTpHBawTCA
B BaXKHbIX COBPEMEHHBIX MaTeMaTHUeCKHX TEODH#AX, HampH-
Mep B TeOpHH rpyni, B anre6pe H B TONOJOTHH.

M3 ckasayHOro BuITeKaeT MoJHasg OIIMOO0YHOCTL pac-
NpOCTpaHeHHOH TOUKH 3peHus, OyaTo Obi MaremaTHyeckHe
METOLH MOI'YT TPHMEeHSTbC TOAbKO K TaKHM CHCTeMaMm
MOHATHH, KOTOpPHle KacaloTcs KaTeropHi Ko/JHYeCTBa W oOlle-
paunit usMepenusa. B camom nene, Kakoe OTHOINEHHE HMeeT
cuctema akcuom EBkamna K xoaHuecTBaM W/IH H3Mepe-
HusM? Jipyroe neno, 4TO B HEKOTOPbIX MaTeMaTHYeCKHX
OUCLHIIMHAX NOHATHE M3MEPHMOCTH TaKXe noisepraercs
TOUHOMY JIOTHYECKOMY aHa/lH3y H NPHUBOMHT K CO3/aHHI0
crel{Ha/IbHBIX BBICOKOPA3BUTHIX Teopuii !).

Otcrona caeayeT, 4TO MaTeMaTHUeCKHe METOAH 3aBoe-
BEIBAIOT ¥ OYIyT 3aBOEBbIBATh BCe HOBble H HOBble 00J1acTH
sHadus. ®H3HKa B TeueHHe MOCAeIHHX CTa JleT cTaja
B OCHOBHOM MaTeMaTHueckoll Teopuell Taxk Xe, KaK reo-

1y ApTop HMeeT B BHAY MAaTEMAaTHYECKYIO «TEOPHIO Mephl», ABJSLIO-
oIyiocs OCHOBOH, HanpuMep, COBPEMEHHOH TEeopHN BePOSITHOCTEH. —
¥
Hpum. ped,
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MeTpHs eiile BO Bpemena EBkaupa. Xumus B HaAlUH JIiH
6saroJaps pPasBHTHIO aTOMHOH H KBaHTOBOH Teopui Obl-
CTPO mojBepraeTcs MOMHOMY nhpeobpasopadul0 B Hamnpa-
BJIEHHH COBEpLIEHHO  HeNpeJBHIEHHOA MaTeMATH3aUHH.
AnanoruyHoe paspuTHe NpeTepreBalOT B HacCTOAIee BpeMs
TaKXe HeKOoTOpbie Apyrue 00JaCTH UeJOBEYECKOH AeATelb-
HOCTH, HMEHHO TaKue, KOTOpBle HOmycKawT OoJee MM Me-
Hee sicCHyI0 abcrpakTHyio o603pumMoctb. CoBpeMeHHLIE TOY-
Hble TeOpHH B HaUMOHAJIbHON KOHOMHKe, B TEODHH HUIp U
B TEOPHH HH(pOpPMAalHH MOKa3bIBAIOT, YTO MaTeMaTHYeCKHe
MeTOAbl HauaJli 3aBoeBbiBaTh o6sacT# 3HaHUs, paHblle
paccmaTphBaBillHecss Kak aOcOAIOTHO uyXpable MareMaTHKe.

Kpurtuxa maremaruueckoti Teopuu

[Mycre kakas-HHOyap MaTeMaTHyeckas TeOpHs (Hanpu-
Mep, reoMeTpHa WIH apudmerHka) HyTeM JIOTHUECKOTO aHa-
JI3a CBeleHa K aKCHOMAaTHUeCKOH OCHOBHOH cHCTeMe Tak,
Kak 310 Obl10 06bsicHeHo Bhilie. Taxkaa Teopus, cBejeHHad
K CHCTeMe aKCHOM, jJaeT MOBOJA K BOMpPOCY, Ha KOTOpHIH
B CBOe BpeMsl Mbl YXKe yKasaJjli, a HMeHHO:

Kakas nMeercs rapaHTHs TOTO, YTO BbLIIOJIHEHHAR JIOTH-
yeckast DeLyKIHS TeOpHH 3aKOHUeHa, cJejoBaTesbHO, BCe
aKCHOMBI JOTHUYECKH He 3a8UCAT OJIHa OT ApYroi?

ITocnenywoinue raaBbi, NOCBsIieHHble BO3HHKHOBEHHIO
HeeBKJUAOBOH TeoMeTpHH, HaCTHYHO OTBEUYAIOT Ha 3TOT
NPHHIHITHAABHBIH BOMpOC.

K sTomy BompoCY mpHcOenHHsieTCst BTOPOH BOMpoC: He-
nporugopeuusa M cuctema EBknupa?

PaccmoTpeHue cucrembl aKCHOM 3JeMeHTapHOH reoMer-
pPHH TOKa3blBaeT, YTO 3TH AKCHOMH He COJAepKaT SBHOIO
HenocpedcT8enHO20 npoTugopewus. Taxoe mNpPOTHBOpeuHe
umes10 66l MeCTO, ecid 6Bl HEKOTOPble aKCHOMBI COnepXKaJH
yTBep:KAeHus, IBHO MexXjay co60l10 HecOBMeCTHMbie, HallpH-
Mep, ecau OBl Hapaxy C aKcHOMOM, 4TO uepe3 JBe TOHKH
NPOXOAHT TOYHO OnHAa npsMas, 6b1a OBl ellle OJHA aKCHO-
Ma, yTBepxkJaloHias, 4YTO yepe3 JBe TOUKH NPOXOJAMT He-
CKOJ/IbKO PasHbIX OpsAMbiX, TeM He MeHee OCHOBHOH BoOIpOC
0 TOM, He MOXKeT Ju 0GHapy¥HTbcsa HoAOOHOrO poja KpH-
vailiee UPOTHBOpeune Ha Hosee nmos3nHel CTYNeHH HOCTpoe-
HISl TeOMETpHH, [IPOJ0JKAET ocTaBaThea HepelleHHbiM. Ko
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rjga M3 akclioM NyTeM JIOTHUECKHX yMO3aKJIOUEHHH Mbi Bbl-
BOJHM BCe HOBble H HOBble TeopeMbl, Mbl He HMeeMm rapan-
THH, YTO B KOHIE KOHUOB He OY/JYyT BLIBeleHHl [iBe TEOPEeMH,
VTBEPKIEHHA KOTOPHX OYOYT COILEpXkKaTb HENOCpeNCTBeH-
Hoe mpothBopeyne. KoHeuHo, H3BeCTHble HaM TeOpeMbl,
BLIBEJIEHHHE H3 EeBKJHUJOBHIX aKCHOM, TaKHX IDOTHBOPEUHMH
He comepxkar. ONHAKO HeOOXOJAHMO 3aMeTHTb, YTO TEOPEMBl
EBknujga He HcuepnelBalOT BCeX BO3MOXKHBIX B €ro CH-
CTeMe reoMeTpHUECKHX TeOpeM, TaK KakK KOJIHYEeCTBO TakKHX
TeopeM He oepaHudeno. WHupyktuBHOoe 3akiouenne: «[lo
HacTosiliero BpeMeHH B reOMeTPHH He 0OHapyXeHO HHKa-
KOTO INpOTHBOpeuHsi, a MOTOMY B JajbpHeiillleM TaKke
HCK/foueHa BO3MOXHOCTb NPOTHBOpEUHHA», He HABJAAETCS JIO<
rHYecKu eJHHCTBEHHO BO3MOXKHBIM. B camoM nene, nouemy
TaKoe MPOTHBOPeUHe He MOMKeT BOSHHKHYTb Ha Gosee nosi-
Hell CTyneny reoMeTpHueckoro uceienopanusi? Ecan 6Bl 370
Korida-iub0 caAydusaocs, To Bea cucTeMa EBKanpna pyxHy.aa
Obl ¥ posiXHa Oblia Obi GBITH OTGpOUIeHa BC/ENCTBHE CBOEH
BHYTpeHHeHd NPOTHBOPEUHBOCTH.

[losToMy (yHmameHTasbHOH 3amaueli KPHTHUECKOIO HC-
CJeNOBaHUsA SIBJISIETCH [OCTHIKEHHE YBEPeHHOCTH, UTO Teo-
pust EBkiuna mnpencramiser co60H ¢ JOTHYECKON TOUKH
3peHHs NpHeMJAeMYyio, HenpoTHROpeunBywo cHctemy. Compe-
MeHHOe aaTeMaTHYeckoe HCC/IeJ0BaHHE OCHOB T€OMETpDHH
yray6uao HamM 3HaHHS B 3TOM HanpaBjeHHH W NPHBEJO
K HOBbiM UEHHbIM KOHuenuuam. K 3TOMy Mbi ellle BepHeMCH
B NOCJeAYIOIEM H3J0XKeHIH.

OnHako OKOHUaTeIbHOH ACHOCTH B 3THX OCHOBHMIX J1O-
ruyeckux npodsaeMax He ynanoch AocTHub. HekoTopnie 06-
CTOATebCTBA YKa3blBalOT Ha TO, 4TO 3TH npobJeMbl, BO3-
MOXKHO, H He MOTyT ObITb pelleHbl ¢ alGCOJIOTHOH Hajex-
HocTbio. B caMoM pene, Kak ye HeOJNHOKDPATHO TOnyep-
KiBa/JIOCh, JIOTHUECKAan HeNyKUHSA 10 CBOeH MNpHpOJe eCTh
HeYTo OTHOCHTeJbHOe. B KoHHe KOHUOB OHa BCeraa A0/MKHa
anennupoBaTs K HeKOTOpoMY ¢GVHIaMeHTy, K mocaenHel
HHcTaHuuu. Ho B Tex ciyyasix, Korga peub HIET O CHCTe-
MaX, collepXamuX HeorpaHHueHHoe (fecKOHeuHOe) MHOMKe-
CTBO 3JieMEHTOB, KaK 3TO MMeeT MEeCTO B reoMeTpHH, BCerna
octaerca 06CTOATEILCTBO, HE NOAJalOHieecss Pas3biCHEHHIO.
B nonatuyu «OeckOHEUHOCTH» COmepXKHUTCA HauboJiee ray-
foxas u nocjenHss npoGiema MaTeMaTHKU.
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§ 9. Bo3nukHOBeHne HeeBKJIMAOBOH reoMeTpHH

Briuie Mbl HeOIHOKPAaTHO OCTaHaB/AHBaJHNCh Ha akKCHOMeE
napaJaenbHoCTH. DTa aKCHOMa, BCJAeNCTBHe CBOero 0cobo
Opocaromierocss B Iaasa CONepkKaHHs, 3aHHMaeT HCKJIOUH-
TeIbHOe MOJIOXKEeHHe cpelH APYTHX akCHOM 3Je€MEHTapHOH
reometpun. [TosToMy HeyHHBHTEJNbHO, 4TO TeOMETpHUECKas
MbIC/Ib HENpecTaHHO, HauWHada co BpemeH EBxauna, saHu-
Majach BONDOCOM: SIBJASIETCS JIH aKCHOMa HapaJile/ibHOCTH,
Kak 3To npennosaran EBxkaun, He3apHcsimied OT JpYTHX
aKCHOM ero CHCTeMbl WJH, HaoOOpOT, OHA 3aBHCHT OT APY-
THX aKCHOM, T. €. MOXKeT ObITb C HX NOMOILUbIO JOKasaHa.

B Teuenue paBYX THICAY JeT HCCAENOBATENH pa3Mblll-
JSIA Hal 3arajkofl eBK/JIMIOBOH TeODHH mnapaJe/bHbIX,
HO TaK ¥ He MOr/M BHeCTH OKOHUAaTeJbHYIO SICHOCTb B 3TOT
Bonpoc. Bemymuit marematuk Hauana XIX cronetus
Kapa ®punpux I'aycc (1775—1855), nposBaHHHI «KO-
poJjeM MaTeMaTHKOB», VYHTHIBAs, € ONLHOH CTOPOHBL, 3Je-
MeHTapHYI0 MNPHUPOLY eBKJHLOBON CHCTeMBbl, a, € APYrof
CTOPOHBI, — PYHAaMeHTaNbHOE 3HayeHue, KOTOpOe 3JeMeH-
TapHasi TeOMeTpPHs MMeeT /s BCEro MaTeMaTHYecKoro Hc-
CJeN0BaHHA, ¢ NOAHBIM NIPAaBOM Has3BaJl TaKoe IN0J0XKeHHe
CKaH#aJ0M B MaTeMaTHK 2.

[ayce, euie Gyayun crtymeHToM B ['éTTHHreHe, BMeCTe CO
cpoum ppyrom roHoctn Papxkamem bBoliau (1775—1856)
yraybuncs B npobiemMaTHKy TeopHu mnapaniensHoctH, M3
ero 6oJsiee MO3JHHX BHICKAa3BIBAHHH MOMXHO 3aK/IOUHTb, YTO
OH yXe TOTZa BHeC AOCTAaTOYHYI0 SICHOCTb B 3TOT CIIOPHBIH
BOMpOC, HO, BepHBIH CBOeH NMPHBBIUKE HE TOPOUNHTHLCHA C ONY-
OaluKkoBaHHeM CBOHX paboT, MOJYajd O CHEJAaHHOM OTKpbi-
ThH. Tax npoiuao HeCKONBKO NECATKOB JIeT, N0Ka B TeOpHH
napanieJbHBIX He HaCTYNHJA HEOXHIAHHHI  NOBOPOT.
B 1831 r. monono#t oduuep o Bodisn (1802-—1860),
cell apyra oHoctH T'aycca, npucian cBoeMy OTLY HHChMO,
B KOTOPOM COOGIiMJI O CBOMX HCCJAEJOBaHHAX B 06JacTH
TEOPHUH napaffe/bHeX. B 3K3aAbTHPOBAHHHIX BHIDameHHAX
OH onuceiBaer cBO ycnex: «§ peun npodaeMy, — nHINET
OH, — 1 TakuM 00pas3oM €037as] HOBYIO YIUBHTENLHYIO Teo-
PHIO MPOCTPAHCTBAY.

Jtofl Teopueii Oblia Ta, KOTOPYIO B HacTosllee BpeMms
HasnlBalOT <«HEEBKJH[OBOH reoMeTpueH», XOTH ¢ TeX MNOp
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nocTpoeHo Geculc/leHHOE MHOXECTBO JPYTHX reoMetpufl,
OTKJOHSIOIUXCH OT cucreMbl Epkauza.

BoctopkenHoe muceMo bDoiisin-coiHa He  BeTpeTuao
y orua ocoforo couyscTBUsi. OH mpejpocTeperan colHa U
NpHU3bIBAJ ero MPeKpPaTHTb CBOH HCCJenoBaHusS. «MHorue
H3 BBLIAAIOIHXCA HccJejoBaTesell Bcex BpeMeH, — TaK IH-
can OH,— HalpaCcHO TPYAWIHCH HaL 5THM BONpPOCOM», &
¢aM OH TOXe NOXKepPTBOBAA TaKHM HCCAeNOBAaHHAM MHOTO
JieT, He MOJAY4YHB HH MaJjefiero ycmnexa. OXHako MoJsonofi
bolisiu He mocJaylunaJjcs coBeTa OTiia W NOMPOCH] ero fnepe-
cnaTh ONHcaHHe HOBoH TeopuH Ha oueHky Iaycey B I'ér-
TiHred. BofisH-oren BuimosHWA npocsk6y chiHa. B cBoem o1-
Bete bofisu-otuy Iayce nmoxsanua paboTy cbiia, HasBaBb
ee reduanbroll. OgHako o go0aBH/, YTO B cBOell oueHKe
OH foN1XKeH ObITb ClepXaHHHM, TaK Kak Yy Hero Her Keja-
HHS XBa/uThb camoro cefs: OH caMm MNOJYYHJa 3TH XKe pe-
3y/NbTaTHl y2Ke MHOTO JleT TOMY Hasaf.

1a os3HakoMmJeHus ¢ ocraBlumMmuca Tfocae Taycca
3allHCKaMH BLISICHHJIOCH, 4To ['aycc yxe maBHO 3HaJ O BO3-
MOXHOCTH HEeBK/JHAOBOH TreoMeTpHH, cCJeJ0BaTe/NbHO, H
0 JIOTHUECKOH He3aBRHCHMOCTH aKCHOMBI fapaJliesbHOCTH OT
ocTanpHux akcuom EBkanga. K aTum pesy/ibraram OH npH-
mes, 6e3 COMHeHHs, caMoe Mno3jaHee B roasl 1810—1826,
B KOTOpbie OH CO371aJ CBOI0 3HAMEHHTYI TEOpHID MOBepX-
HOCTeH ¥ TeM caMblM OTKpPBII Mepell reoMeTpUdecKHM HC-
cJleloBaHHeM COBepIIeHHO HOBhIE MyTH,

Hecmorpsi Ha 370, Boftai MianmieMy HpHHALJIEKHT He-
3abbiBaeMasi 3acJyra caMoCTOSTENbHOrO OTKDBITH HeeB-
KJAHLOBOH TeOMETPHH M ee CHHTETHUECKOTO NOCTPOeHMHs.
[TpaBna, 5Ty 3acayry oH AOJKeH pasiefHTb C APYCHM HC-
caegoBateneM. Pycckuit matematk Hukonaét Jlo6aues-
ckuft (1792—1856) OTKpHLT HeeBKAUNOBY TeOMETPHIO HO-
UTH OJHOBPeMeHHO, HHUero He 3Hasf o nounTkax [aycca u
Boiisiu 1).

Takum 06pasoM, BOSHHKHOBEHHE HeeBKJHJIOBOH reomer-
pHH SABASETCS YIHBHTENBHBIM pe3y/JbTaTOM HeyJaBIMHXCH

) H. H. JloGaueBckoMy NpHHAMICKHT GecClOpHLIi NDHODHTET B
YacTH NyBJANKANHH ero pe3yabTatoB (cratbsa «O Hayagax reoMer-
pun» 1829 r.). B cBAsM ¢ 3THM COOTBETCTBYIOINES reoMeTpiuecKas
cHCcTeMa yauie BCero HasniBaeTCs «HEEeBKJAHIOBOH reoMerpuell JloGaues-
cKkoro», — Hpum. ped.
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MONBITOK [0Ka3aTbh, YTO aKCHOMa MNapaJ/liesbHOCTH Mpej-
cTamiger coboii C/AeCTBHE [PYTHX eBK/JIMIOBLIX aKCHOM,
Ipn 3THX MOMBITKAaX eCTECTBEHHO Gbi0 NPHMEHSTh TaK Ha-
3bIBaEMLIl KOC8eHHbill meTod 00KA3aTeAbCTEA. DTOT METOn
OCHOBAH, KaK H3BeCTHO, Ha cjenylonieli uuee.

HOns toro uto6bl [0Ka3aTb aKCHOMY MapajsensHOCTH,
CHauaJja MnpeanonarawoT, YTO BepHa ee .02u4ecKas aHTu-
Te3a. JT0 NpPOTHBONOJOKHOE yTBep:KAeHHe raacHT: «Uepes
TOYKY P, He Jlexauiyio Ha upaAMOi [, UpOXOAUT HECKOJI b-
KO (c/aexoBate/IbHO, MO KpailHefi Mepe 1Be) npsAMBIX, na-
pannesbHBX [». 3aTeM M3 3TO «HEEeBK/IHIOBON» aHTHTE3H H
OCTa/IbHBIX €BKJMAOBHX aKCHOM BHBOAAT JIOTHUECKHe cJief-
CTBHs B BUJe JdajbHeAHX TeopeM. CTOPOHHHK MpaBH/b-
HOCTH TOJbKO €BK/HIOBOH reoMeTpHH 6yneT OXulIaTh, uTO
B KOHLE KOHUOB Oyner moJydeH HEeBO3MOXKHBIII pe3yJsbrar,
T. e. OynyT BbIBeNEHBl ABe TEOPeMbl, colepiKalliie OYeBH.I-
HOoe wnpoTuBOpeune. EcaH Takoe NpOTHBOpeuHe JeHCTBH-
TeJbHO 00HapyKHUTCA, TO 3TO AACT OCHOBaHHe cjeJaTh 3a-
K/IogeHHe: TaK Kak aHTHTe3a fIpHBesa K JIOTHYeCKOMY Mmpo-
THBODEUHIO, TO OHa HeBepHa, cJenoBaTeJbHO, ee JoOrHue-
CKas MNPOTHBOMOJOXKHOCTb, T. €. eBKJAMJIOBAa aKcHoMma Ia-
pa/enbHOCTH, BepHa, 4ro H TpeGoBanoch N0Kas3aTthb !).

Mnsa yxazanebim nytem, Bolinp u JloGaueBcKuil BbIBO-
AWTH 43 AHTHTE3B AKCHOMBI O MapaJljieibHblX BCe HOBbie
¥ HOBbie cjencTBHA. Kak W HcXojgHas HpeanoCcHJIKa, 3TH
caencTBus (Gosbllell YyacThIO) OTJIMYAKOTCH OT eBKJAHIOBBIX
Teopem. IlpuBenem HeKoTopnle npumepsl.

') Crporo rosops, nociedree sak/oueHHe He 00f3aTeqnho. Ecan
paccMOTpeHHBIi BLILIE NMyTh NPHBOJAHT K NPOTHBODEYHIO, TO 3TO O3HA-
UaeT B CYUIHOCTH TOJIbKO CJEAyIINee: cHCTeMa, NpedyCMOTpeHHas
4HTHTE30H, T. €. TDOTHBOMOJOMKHOCTL  AKCHOMB  NApA/Ie LHOCTH
6MecTe C OCTA/IbHBIMH eBK/MNOBHIMM AKCHOMAaMHM, KaK 1eJ0€ MPOTHBO-
peudBa n nosTOMY HO/KHAa ObTh OTOpoweHa. OiHaKo 3TO ewe He ra-
PanTHpyer, 4T0 e8kAuGO6a CcHCTEMa (aKCHOMA NapasiiedLHOCTH BMEcTe
C ApyruMi €BK/JHIOBbLIMH BKCHOMAMH) NpHEMJEMA («IPABHMLIAY).
B camoM nene, JO/MKHA YYHTHIBATLCH TAKMKE BOSMONKHOCTb, 4TO H B
eBKIHIOBOH CHCTEME CONepXHTCA NpoTHBOpeuwe. B  TakoM cayuae
Jo/xHa OuTh otOpomena u sta cucreMa. C/eloBaTeqLbHO, NpHMEHEHHE
HENPAMOro Cnocofa 3axMOYeHHA B KayeCTBe BCIOMOFATENBLHOTO Cped-
CTBa [l MNOCTPOEHHS TeOPHM 3apaHce NpeJN0JardeT, YTO TeopHa He-
nporiBopeunsa. OTCiOla BHIHO, HACKOILKO BAaKEH YNOMAHYTHE Ha
ctp. 67 nornveckHii BONpoc o HENpPOTHBOPEYHBOCTH.
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1. Uepes touky P, Jexauiyio BHe npamoll [, npoxomut
OeckoHeuHoe uHC/A0 (@ He TOJMBKO [Be) NpPAMBLIX, mapan-
JeJbHbIX [ DTH npsiMbie JexaT BHYTPH napbl BepTHKaJb-
HHX YIJ10B, 00pasoBaHHBIX [BYyMs MOpenesbHBIMH Mapal-
JIGJISIMH.

2. Cymma yrioB TpeyroJbHHKa Bcerza MeHolue 180°
Otx/oHeHHe OT 3TOro 3HaueHus (Tak Ha3blBaeMBIH «yrJo-
BO# Je(eKT» TPeyrospHHKa) IPsSMO NMPONOPUHOHANBHO MJIO-
mWany TPeyrosbHHKA. YraoBoit gedext upubauxKaercs
K 180° s oueHp GoJbLIMX TpeyroJbHukoB. CJeroBaTelb-
HO, N1 TA&KHX TPeYToAbHHKOB CyMMa YIVIOB WOUTH paBHA
HYJ/T10.

3. I'eomeTpuuecKHM MeCTOM TOYeK, PaBHOYIaJeHHBIX OT
UpsAMON (M JleXamuX B OXHOR M TOH e MJIOCKOCTH, Hpo-
Xonsamel yepe3 paccMaTpHBaeMYI0 NpAMYyI0), ABJseTcS He
npsaMasg (Kak B eBK/JAHAOBOI TeOMeTDHH), a H30rHyTas
NUHAS (TaK HasblBaeMbll 2unepyuxa, WiIH 9KEUOUCTAHTA).

4. Kpupoil, mnepecexarmouell cemeficTBO napanJejbHBX
OpAMBIX 1I0Ji NPSAMBIM YIJIOM, SBJseTcA He mnpaMad,
a H30THYTas JHHHA (Tak Ha3biBaeMbil opuyuxa, Wi npe-
OenbHar AuHUS).

CTOpPOHHHUKY €BK/IMIOBOA reoMeTpHH 3Th YIHBUTEJbHbE
TeopeMbl KaxyTcsa cTpaHHuMH, OnHako OoHM He cozep:KaT
HHKaKoro mupoTHBopeuus. B pesynbrate yxpenuaoch ybe-
JKJEHHEe, 4TO OTKphITas HeeBK/AHJOBa reoMeTpusi, no Kpafi-
Hell Mepe C JIOTHYeCKOH TOUKH 3peHHS, IBJIAETCH CTO/b XKe
BO3MOXHOH M NpHEMJEMOH CHCTeMOH, KakK M Kjiaccuuyeckas
€BKJIHI0Ba TeoMeTpHs.

JlanbHefimee pas3BHTHe 3THX BOIPOCOB IOATBEPAMIO
TaxKyl TOUKY 3peHHs. BuIACHH/IOCH TakiKe, 4TO HEEBKJH-
ROBa reoMeTpus npejcTaBiaser cobOf TeOPHIO He TOJALKO
JIOTHYECKH BO3MOXKHYI0, HO H LIHPOKO NPUMEHHMYIO B Lpy-
THX 006/1acTHX,

Haeaadnoe 1oakosanue Heeaxaudosoli 2eomerpuu

YTBepxaeHns HeeBK/AHLOBOH TreoMeTpuli OTKJAOHAKITCH
OT HalIBX eCTeCTBEHHBIX, eBKJMIOBHIX npejxctabiaenuii, [To-
3TOMY HX He/b3si INOHHMAaTb TaK ¥Ke JerKo H Hemocpen-
CTBEHHO, KaK eBK/AHIOBY reomerpuio. OnHako umeeTcs BO3-
MOXHOCTb INOCTPOHTL MOJIENH, KOTOpble neslaroT HeeBK/MU-
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LOBY BCeJleHHYI0O Gojee HarJsanHoil u Gosiee JIETKO BOCHpIi-
HHMaeMOH, yeM B ee YKa3aHHOH Bhlllle YHCTO JIOTHYECKOH
bopmynupoBke. Mbl BOCOIB3YeMCH MOJIE/1bI0 HEeBK/IHLOBO
BcesleHHOH, mnpemsoxeHnoin AHpu Ilyanxkape (1854—
1912) u ocHOBaHHOH Ha WHOM NOHHMaHHH HEKOTOPHIX €B-
KJIRAOBBIX nouaTHH. B ocHoBe aToft Mojgenu Jemxur Ta xe
HCXOAHas Haest, YTO H B MOjeu e8xkaudosoil MI0CKOCTH
(cM. puc. 6, crp. 52). Ousate paccmoTpuMm OKpy*HocTh K
eBKJIHJOBOH IJIOCKOCTH M JeXailife 8HYTpu nee TOukH (A,
B w1 1.). Eciu MBl OpENNOIOXKHM, TaK XKe KakK 9T0 Gbli1o
ChaesnaHo TIIpH paccMOTpPeHHu puc. 6, YTO Haxonglihecs
BHYTPH OKDYXHOCTH K NONBHXKHbBIE «Tela» (T. €. MJIOCKHE
H JuHeHHble (UrypE) Npu npHOIMNKEHHH K OKpYIKHOCTH
CXKHUMAWTCH, TO BoobpaxkaeMmble XKHBHE CYIeCTBa, 3aKJi0-
YeHHble B 00s1aCTH, OrpaHHYEHHOH OKDYKHOCTbIO, OYAYT
BOCHDHHHMATb 3Ty 06J1acTb KaK HeOTpaHHueHHYI0 u GecKo-
HEUuHyo, T. €. B TOYHOCTH TaK, KakK 3T0 OblJIO B MBICJAEHHOM
3KClepHMeHTe, paccMoTpedHoM Ha crp. 5l. Crenomatens-
HO, 1717 3THX CYILIECTB OKPYXHOCTb K upencrasjiser co6oi
«0ecKoHeuHyI0 Hanb». TOUKH 3TOl OKPYMHOCTH, a TaKKe
TOYKH, JIeXauiue CHapyX# OKDYKHOCTH, A HaLUIMX Boo6-
paxaeMslX CymecTB HeJOCTYNHBI, Gojiee TOTO, OHM st HHX
He CymecTBYIOT. Bcs BcesleHHas HalluX CyLIECTB 3aKJ/io-
YeHa BHYTPH OKpyKHoctH K.

Tlepefinem Ttenepb K TONKOBAHMIO «NDSIMBIX» BO BCEJEH-
noit K. Kak u na puc. 6, Gylem noHHMaTb 10J «IpsMOii»
KpYroBylo nyry, sakjgiueHHyl BHYTpH K, OopHako Ha 3TOT
pas Takyio nyry, Kotopas (10 Haulemy eBRJIMAOBY NpencTa-
B/ICHHIO) TNepeceKaeT OKPYXHOCTh K OpTOrOHaNbHO, T. e.
nox npamsim yraom (puc. 12).

OcHoBHOe OTHOlIEHHe «TOYKA JIEKUT Ha NPSMOi» Gy-
AeM NOHHMaTb, KakK ¥ Ha puc. 6, B COOTBETCTBHH C HAIIUM
€CTECTBEHHbIM HarAJHbIM [peCTaBACHHEM,

Ilocne Toro kak TakdM mnyTeM HCTONKOBAaHB! OCHOBHEIE
O0bEKTbl «TOYKa» M «IpaAMas» H OTHOUIEHHe CBA3H, Mbl
MOXeM IIPHCTYNHTb K HCCAENOBAHHIO TPaBUJALHOCTH akK-
cuoM. Ilpu 3ToM Mb GyneM omupaThest Ha HAallH eCTECTBeH-
Hble, eBKJHIOBB! NpejicTaBaeHHUs.

Cpasy BuaHo, uTO uepes ABe «TOUKH» NPOXOLHT TOUHO
OaHa «IpsiMasi». B camom nese, COracHO eBK/MIOBOM
reoMeTpun, uepes nBe Toukn A W B npoxoaut omHa Kpyro-
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Bas Jyra, rmnepeceKamoillas OPTOroHaJbHO TNpPeAIbHYIO
okpyxHoctb K (cM. puc. 12).

OxHoBpeMeHHO BHAHO, YTO aKCHOMa MNapasijieJbHOCTH
HenpuMeHHMa: uepe3d «Touky» C, Jexalluyw BHe «npaMmoft»
AB, npoxomut GecKOHeUHO GOJblIOE YHCAO «MPSAMBIX», He
nepecexamomux «npaMyw» AB B «koHeuHo#l» ofJjacTu
(1. e. guyTpu okpyxHocTH K). DTn «npsambier, napaeb-
Hele AB, pacrnosioeH, B COMIacHu ¢ npeinoxeHuem |

Puc 12 Puc. 13,

(cTp. 72), BHYTpH NMapbl BepTHKaJBHbLIX YIJIOB, OTpaHHueH-
HBIX JABYMS «OpeHeJbHBIMH» «NPAMBIMH», MapaJJiejbHhiMH
AB (ToHKHe KpyroBble LyTH Ha pHC. 12).

CnenoBatensHo, B Mogenu IlyaHkape OTHOIIeHWe CBSI3H
YIOBJ/JETBOPAET HEeBKJHMIOBEIM aKCHOMaM.

HanpoTus, oTHOlIEHHe MOPAAKa HMEET «eBKJHIOB» Xa-
paxTep, Tak KaK 3TO OCHOBHOe OTHOLIeHHE HCTOJKOBH-
BaeTC B COOTBETCTBHM C HAlIUM €CTECTBEHHBIM HAaIVIsHBIM
npeicTaBJeHHEM.

Haxoneu, paccMOTpHM OTHOLUEHHe KOHTPYIHTHOCTH,
Ons yrinoe oHO nMmeeT eBK/IAMAOB Xxapaktep. CaenoBareb-
HO, Yroll MexXAy HBYMSI <«IDSMBIMH® pDaBeH eBKIHIOBY
yriay, o6pasyeMoMy KacaTeJbHBHIMH, MPOBENEHHLIMH B TOU-
Ke TepeceyeHus «lpaMbIX»; NO3TOMY [Ba yraa GyAyT KOH-
TPYSHTHH, €CNH YI/bl, o6pa3zyeMble KacaTelbHHMH, PaBHBI
B 00biudoM cmbicae. Jas «oTpeskoss (map Touek) ompe-
JleJIeHHe «KOHTPYHTHOCTH® HECKOJbKO 6oJee C/OKHO, TaK
KaK HeoOXONNMO YUHTHIBaTh YIIOMHHABLleecs Ha CTp. 73
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YKOpOUGHHe pAacCTOsHHR TPH NPHOJHXKEHHH K OKpYXK-
Hoctn K ).

Bpenennoe onpeneneHne KOHTPYSHTHOCTH COXpaHseT
B CHJIe eBK/IHJOBBl aKCHOMbl KOHPPYIHTHOCTH U eBKJAHIOBHI
TeopeMbl KOHIDYSHTHOCTH (HanpuMmep, TeopeMbl O Kod-
TPYSHTHOCTH TPEYrONbHHKOB).

M3 ckasannoro Bhillle cienyer, uto B Moienu Ilyankape
CnpaBe/IHBHI BCe aKCHOMBI  HEEBKJIHIOBON TeOMeTpHH
(2 eBK/JHIOBH aKCUOMBl — 33 €JHHCTBEHHBIM HCKJOUEHHEM
aKkcHOMBl mHapannenbHocTH). Yurartensm, XKejawiuM Io-
JY4HTb NPOCTOE H HAr/sAAHOE MpPeACTAaBJAEHHE O ABJEHHAX
HEeBKJHNOBOH TreoMerpuH, PeKOMeHiyeM H3ydaTb 3Ty Tleo-
MeTpHIO NpH momomd moxenn [lyankape. B xauectse npu-
MEpOB OCTAHOBUMCS Ha HEEeBKJHIOBBIX MNpPELIOKEHHAX 2,

3 u 4, npuBelleHHbIX Ha cTp. 72.

) s unratesedl, MuTePecyMOXCAd TOYHLIM ONPeNEIEHHEM KOH-
TPY3HTHOCTH OTDE3KOB, NpIBEJEM ero B 3JeMeHTapHO-TeoMeTPHYecKoil
dopme. Ilns sroro BBeleM NOHATHE «KORIPYSHTHOCTH» ABYX «OK-
pyxHocTefi>. HeeBRaupoBa oOKPYXHOCTH u306paxkaetca 10608 0O6LIK-
HOBEHHOH, T. e. €BKAMIOBO OKPYKHOCTbIO, {eAukom jlexaule BHYTDH
okpyxuoctd K. JIng Toro 4ToGH ONpeNeauTb <KOHIPYIHTHOCTE® IBYX
TaKHX <«OKpyZXKHOCTeil», pacCMOTPIM CHayala jBe OKpykuoctu Cp H
C, U3 KOTOPHIX NEpBast KOHUEHTPHYHA C OKPYKUoCThio K (mpeocTas-
JfieM YHTATeNI0 CaMOMy BHIMOJHHTL PucyHoK). Ilpsimas, coepunsiomas
ueHTpol okpymHuoctelf Co # C, MycTh Mepecekaer NpeneloHyid OKpyXK-
HocTb K B Toukax P n Q. Tlposenem uepes P u Q Kpyrosylo Ayrv
L, xacaomyiocs okpymHoct# Co. Ecau 3Ta kpyroBas ayra Kacaercs
Takke OKpyxinoctd C, To Ttorga 6yleM cuutath OKpykHocTH Co u C
«KOHrpysHTHbIME». B 3TOM ciyuae rosopsit, uTo okpyxHocth C <«mepe-
Hecena» B nojoxedue Co. Ilycts C'— TpeTbs OKpyXHOCTL BHYTPH K.
W ee MoxHO fepeHecTu B TOJOKEHHE C(’), KOHIEHTPHUHOE C OKPYX-

Hoctelo K. Ecau Co n C' coBnaiyt, 1o GyleM HasnBaTh OKPYIKHOCTH
C u C’ «koHIpy>uTHBIME>. CJE0BATENLHO, OKPYKHOCTE Cg, «KOHTPYsHT-
Had» OKpyxkHoCTH C, JeHCTBHTENLHO CHHMAETCs, KOLAa Oud npub.x-
Kaerca K nepuepuy, Kak 3TO H JOMKHO ObiTh HAa OCHOBaHHUN CKa3aH-
HOro Bhlle,

Tenepys MOKHO ONpeleNHTb «KOHIDYDHTHOCTH» JABYX oTpe3rkos AB
u A’B’. Yepes Toukd A u B npoxoant Touno ojua oxkpyxHocTs C,
OPTOTOHAJILHO TNepeceKalomlas <«IpAMYK», TNpoxoasmyio uyepes A u B.
AnanoruyHeM ofpasoM CTPOMTCS OKpPyxHOCTh C’, mpoxoismas uepes
ToukH A’ n B’ ® oproroHajbHas K <«IpAMO», NMpoOXosllel uepes sTH
ke ToukH, «Otpesku» AB n A’B’ Ha3bIBAIOTCS <«KOHTPYSHTHRIMH», eCilH
KOHIPY3HTHB» (B yKa3aBHOM Bbillie cMbicie) oxpyxHocTH C u C7.

IlpuBenennsle Onpele/eHdst KOHTPYSHTHOCTH MOTYT ObTh cHOpMy-
JIHPOBAHbl TPOIIE, €CJIH BOCHOAB30BATLCH HEKOTODBIMY IOHSITUSMI BbiC+
el MareMaTHKA,
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2. Tlonp3ysch eBKJAHIZOBOH reomerpuel, MOKHO HOKa-
3aTh, YTO CyMMa YIVIOB «TpeyroJbHHKa» B Mogeau [lyan-
kape MeHbpile 180°, OrpaHuummcst coayuaeM, KOraa pac-
CMaTpHBaeMBIHl «TpeyrosbHUK» HeBunykablf (puc. 13). Ox
JIeXUT HeJUKOM BHYTPH €BKJHAOBA TPEYroJbHHKA, HMe-
mero Te xe BepnHe A, B, C. Cpa3sy BHIHO, UYTO Yr/bl
«Tpeyronpinka» ABC MeHblle COOTBETCTBEHHHIX YIJIOB €B-
Kaujaosa tpeyroabHnka ABC, a tak Kak cymMMa YIJIOB MO-
caenHero paBHa 180°, To cymMa YIVIOB «TpeyroJibHHKa»
ABC menblne 180°.

Mz puc. 13 BuAHO Takxke, YTO CyMMa YIVIOB «TpeyroJib-
HHKa» yMeHbllaercsi, Kora Toukn A u C OTOABHrawrcs
BAOab «npamofi» AC, a Touka B — Broab «npamoii» CB
6nxe K okpyxHoctH K (B monoxenus A’, C' u B’). dra
cyMMa npubanKaeTcs K HYJ/10, KOTJa BepLIHHbI YIJIOB OTO-
IBHrawTcs «0eCKOHeYHO Janeko», T. e. N0 OKPYXHOCTH
(B nonoxeHus Ao, Bo H Co). «Tpeyronohuk» A’'B'C’
B NpejleJe npeBpanlaeTcs B GHTypy, OrpaHHUEHHYIO TpeMs
«APAMBIMH®, M3 KOTODHIX KaXKjhie JBe IpefeabHO napasn-
JejbHEl OfHa Apyrof. B eBkAHNOBOH TreoMeTpHH Takoil
npenesbHOR GUrypH He cyUiecTBYeT.

3. B monenu IlyaHkape 3KBHAHCTAHTHl € (IHNEPLHKIb)
«npamMoit» [ (AwBw) npenctaBasiioT coGoll eBKAULOBH KpY-
rOBBle AYTH, coenuHsolHe TOUuKH Aw 1 Bo (0OHHAKO OHU
He OpPTOrOHa/bHB K OKDPYXHOCTH K, cJjenoBaTe/bHO, He
ABJSAOTCR «IPAMBIMH®, CM. puc. 14).

4. Opuuykapt 0 (npejienbHble JHHHH), OpPTOrOHaJbLHO
nepecekaiolilie npefenbHBeE Tapannens, Hanpab/jeHHble
«Kk To4Ke Ao» (B Momean Ilyankape oHH H306paxaiorcs
KPYTOBHIMH AYraMH, OPTOrOH&/JbHBIMH K OKpyxHoctd K),
npencTaBasioT cofoil  eBK/JAHIOBbBL OKPYXKHOCTH, Kacaio-
muecst OKpyXHocTH K B Touke Aw (puc. 14).

Heesraudose: Kaueau

Kaxoft B npvMeT 3KCcHepHMeHT, pPacCMOTpeHHHIH Ha
ctp. 29—30, ecjH €ro BHINOJHHTE B HEEBK/JAHIAOBOM MpPOCT+
pancree? Ilycrb BmMonean Ilyanxkape ropuaoHTadbHas npd-
Mast AwBw, mpoxoxsias uepes Touky O, usoGpaxkaer no-
BEPXHOCTb 3eMaH (puc. 15). Ha BeptukansHoit crofike OP
JEKHT «npaMasi» nocka AB, Kotopasi B nQJ0KeHHH paBHO-
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BECHSI TOPH30HTaJbHA H NapajnesabHa UpaMoH AwBw (nep-
neHAMKyJsipHa K npsmoii OP!). Tlpn kauaHuu J0CKH ee
KOHeuyHasi TOuKa A OMyCTHTCHA 10 NOBEDXHOCTH 3eMJIH NpH
YCJIOBHH, uTO JocKa AB 10CTaTOYHO MJIHHHAA, a yroJ, Ha
KOTOpBI OHa NoBOpayuBaercd, Gogblle yrja a,, 06Gpasye-
MOTO «ropHaoHTaneio» AB ¢ npenenbHoll «npsiMoils PAe,

6

Puc. 14. Puc. 15,

napaniesbHoil noBepXHocTH 3eMAH AwBw. DTOT yroa Tte-
nepb He paseH Hymo. IlpaBpa, OH, Kak 9TO BHIHO M3 pH-
CYHKa, OuYeHb MaJ, eCcJH BBICOTa CTOHKH [O CpaBHEHHIO
¢ aanHo#l pmocku HeGosbluas '), IIpennaraemM uHTaTeNIO
CPaBHUTb 3Ty CHTyauHl0 € COOTBETCTBYIOIWEH eBKJHIOBOH
cuTyauuel, nsobpaxensoll Ha puc. 2 (crp. 29).

OTmernm eme cienyouiee oYeHb BaxKHOE CBOHCTBO He-
eBK/IHI0BON reomerpuu. Moneas [lyankape, uso6pakennas
Ha puc. 13, nokaswiBaer, YTO CTODPOHBl «TPEYrOJbHHKa»
ABC, ecait OH OueHb HEBEIMK, NOUTH NPAMOAUHEIHGL TAKIKE

1} Bruncnenus, Kotopbie 34ech He MOryT ObiTb [PHBEJEHH, AalOT
JJISt yraa o 3ilaueHue

Y
e’ —1
ag =2 arc tg ——
e’ 41
Flle 0 eCThb 8bicoTa (HeeBKaugoBa) crofikd, a e=27l ...-— ocHoBatue

HaTypanbHBIX JorapHpmos. Ecay p Mano, 1o oo NpHOIHKEHHO DPaBHO
P, CNEJOBATE/bHO, TAKKE OUYeHb MAJO.
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1. L. MTPOCTPAHCTBO

B eBKInfoBOM cMmbicse. CJoenoBatesbHO, CyMMa  YIJIOB
TpeyroJbHUKa B 3TOM CJaydae oOueHb MaJoO OTJHYaercs
OT eBkJUAOBa 3HaueHua 180°. Orcroopa BbITE€KaeT, 4To
YTBEDXKJEHHA HEeBKAHUJAOBOH reoMeTpuu mJia HeOOJNBHIHX
GUryp OueHb Man0 OTKJAOHSIOTCH OT eBK/HJIOBLIX YTBep-
KIAEHUA (370 cjelyeT TakxKe #€3 3KCHEPHMEHTa € HEeBKJH-
JOBbIMH KaueJsIMH NpH YCJAOBHH, UTO BbICOTZ CTOHKH OUeHb
Mana).

Takum o6paszom, eBKJNLOBa TeOMeTpPHA B OueHb He-
GoNbIINX YacTAX NMPOCTPAHCTBA ABJAACTCH NPeOesbHbIM CAY-
ugem WEeeBKNHJOBOH TreomMeTpHu (cp. €O CKa3aHHbiM Ha
cTp. 25).

BolacHUM Tenepb, Kak OyleT CKJanbiBaTbCs npencta-
BJEHHE O NPOCTPAHCTBE Y BOOGpaxaeMBIX KUBbIX CYHIECTR,
Haces0WuX BeeseHnytwo [lyaHkape, ecain y HuX GyneT BO3-
MOKHOCTb NI€PEABHTaTbLCA TGJABKO B OueHb He{OJbHIMX Ya-
CTHAX CBOEr0 NpocTpaHCTBa. B TakoMm cayuae HX BHIHMOE
NpOCTpaHCTBO OypneT OrpaHMueHo TOAbLKO OueHb He6O/b-
woit ob/acTbio BHYTPH OKpYxkHOCTH K, M nostomMy cymma
YIJIOB JOCTYNHBIX 1/ HHX «TpeyroJbHHKoOB» 6yler paBHa
nowru 180°, Ecnu yraoBoil nedext TpeyronbHuka 6yneT co-
CTaB/IsiTb TOJbKO HECKO/IbKO MHJJIHOHHBIX nosefl rpanyca
(MMeHHO TakoH medekT Mbl NMPeANONONKHAM Ha cTp. 17),
TO XuBBHEe cyuiecTBa BeesteHHoH Ilyankape BooGumie He cy-
MEIT O0OHapYXHTb OTK/JIOHEHHE H3MepsieMOH HMH CyMMbl
yrJioB OT eBKAM10Ba 3HaueHuda 180°. C amuupuueckos Touxu
3peHHsi OHM BHOJHe MOrH 6bl nmpuHATL 180° 3a TOUYHOE
3HayeHHe CYMMB! YIJIOB CBOero TpeyroJnHHKa. Bes comiue-
HHs, OHH TakK HMEHHO H noctynunau Gul. [TosTomy ouu cun-
TaAd Obl €BK/AMNOBHIM He TOJBKO BHAMMOe INPOCTPaHCTBO
cBOedl Onmikailinedi OKPecTHOCTH, HO W BC€ NPOCTPAHCTBO
B uesoM. B caMoM gene, cornacHo UpHMHUMIY SKOHOMHH
00pa3oBaus NOHATHH, OHH JOJKHBI OBLITH Gbl OTAATH Mpe-
MOUTeHHe TAKOMY NPeNCTaBJEHHIO O NPOCTPaHCTBE, KOTOpOe
COOTBETCTBYeT €BKJHULOBOH cHCTeMe, TaK Kak HOCAejHss
B CTPYKTYPHOM OTHOLIEHHH nApouje, yeM HeeBKJIHJOBA CH-
cTeMa (9TO cjlelyeT TakXe M3 NpHBeneHHBIX BhILle CO0G-
paxeHn#, oTHocAlMXCA K Motenn [lyaHkape).

[o Bceit BepoaTHOCTH, reomeTpsl 3Toli BooGpakaeMoil
BCeJIEHHOH Koraa-HuOynb YCOMHHMHCH Obl, NMpPaBHAbHO JH
HX eBKJHJOBO MpeacTaB/eHHe o npocTpaHcTee. BoamoxHo,
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i Yy HUX Korpa-HuOynb mnosiBiicsa Obl cBof Dofisu mau
csoll JloGauepckuii, KoTopble 0GHAPYKHJIH Gbl HEEBKAHIOBY
NPHPOAY NPOCTPAHCTBAE HJHM BO3MOXKHOCTb HEeBK/JAHHOBA MO-
H¥Mauus npocTpaHcTBa. Takas wupues cHayana moraa Owf
BbI3BaTh yAHBJAeHHe H onnosuuuioo. OQHAKO nocTeneHHO
BBIACHHJIOCH Obl, 4TO HEEeBKJHLOBY TEOPHIO IPOCTPAHCTBA
caenoBano 6b NPHHATb BO BHHMaHHe M Kax HalsgHOe
npejcTaBieHne, W Kak JOTHYecKH pas3BuTylo cucremy. Ho
¥ TOCJe 3TOro B reOMeTPHUeCKON mpaxTHke BooGparkaeMol
BCeJIeHHOH MOMXHo Obli0 Gbl OCTaBaThCAd Ha TOUYBe eBKJIH-
10Ba TOHMMaHHA NPOCTPAHCTBA. caMoM jene, pasHHuA
MeXIy 9THMH [ABYMsI CHCTeMaMH BHYTPH OuYeHb OrpaHH-
YEeHHBIX JIOKa/lbHBIX OKpecTHOCTell Owla OBl CTOML He3Ha-
YUTeJIbHA, YTO MNPAaKTHUeCKH He Hrpana ©Obl Hukako#
pOJIH.

OnHako u B 370l BCEJEHHOH MOr OBl HACTYNHTb HeHb,
Korjga Kakol-euOynb cBOGOXHBII OT NpenpaccyixoB H
HanbHOBHAHEIA reoMeTp MoHAA OB, YTO yKasaHHas pasHUua
UDH OTHOCHTeNbHO O0AbWUX pPACCTOAHUAX JOJNXKHA OBbITh
Be/Ka H 3amerHa. st Toro 4To0H B 3TOM YOenuThbCs, OH
BuIGpaJ Obl 1a «3emse» cBoell BcesieHHOH TpH Touku A, B,
C, pacnoJioxeHHble 1a/feko 01Ha OT APYroH, W nonwlTajncs
Obl amnupuyecku usMeputh yrasl tpeyroasHuka ABC. Co-
[J1aCHO HPHHLUMIY BO3MOXKHOCTH ONBITHOH INpPOBEPKU OH
JOMXKeH Obl Obl «KOHKPEeTHO NpeicTaBHTb® TPH CTOPOHbB
TpeyrosbHHKa. 3areMm, HCXOAs M3 NpeiCcTaBJAeHHsA, UTO CBET
pacnpocTpaHuseTcs UpsMoaHHeliHo, OH mocjan 6bf H3 Kax-
X0# BepIIMHH TPEeYroJbHMKA B JBe OCTa/JbHble BeplLIHHBI
CBETOBble CHUIHa/bl, Torpa myTeM BU3HDOBaHHS OH M3MepHJ
OBl B KaXJIOH BepiliHe COOTBeTCTBYIomine yrau. Ecau Tpe-
YLOJIbHAK Obi1 Obl CTONB $0JbILIOH, YTO HeeBKJAHIOB YIJO-
BOY JnedeKT TpeyrodbHHKa Obli Obl GoJsiblue npeuena He-
TOUHOCTH, 06ycJOBAeHHOro owmmnbkamu HaGaogeHns (CM.
cTp. 16), To mpomenaHHBLI 3KCnepHMeHT nOKas3aa Obl Cy-
lecTBoBanue yriaosoro pegexra. B pesynbrate ads 6odb-
LIMX PAcCTOSHHUM c/enoBano Gbl 0TKa3aTbCs OT eBKJNAOBOH
reoMeTpud ¥ nepefiTH K HeeBKJAHIOBOMY IPeICTaBJeHHIO
0 NIPOCTpaHCTRe.

Taxkum cBOGOMHBIM OT HpPENPaCCYNKOB H NaJbHOBHAHBIM
HCCJeloBaTeNneM 6 HauleMm O0ellcTeUTEeAbHOM Mupe Obla
Faycc. Tlpu cBoux uccaenoBanuax B o6aacTu pugeped-
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HHMaJbHOH reOMEeTPHH OH Hpuillen K chaeayiolliefl uiee: BO 3-
MO HO, 4TO Hallle MPOCTPAHCTBO HEEeBKJIMAOBO, XOTH Hall
Ipe/illecTBYIOWHHA ONBIT rOBOPHT 32 €BKJANHIOBO NPOCTPaH-
crBo. Tak MOrJo MNOAyuHTbCH MNOTOMY, uTO MH TaKXKe
SABASEMCA «MHHHATIODHBIMH CYLieCTBaMH», JIOKaJbHO NpH-
BI3aHHBIMH K HHUTOXKHOH uacTu BcesJeHHo#l. B cmsizu co
CBOHUMH reojesHuecKnMH HuccgaenopaHusiMu l'aycc peficTBu-
TeJbHO 1pOM3BeJ 3aMeuaTedbHbifl ONMBIT PacCMOTPEHHOrO
Bhillle pofa. MoXHO mpexamosnaratb, 4T0 [OCPEACTBOM
3TOr0 OMbITa OH XOTesJ HCCAENOBaTh TakKiKe BONPOC
0 BO3MOXKHO HEeBK/JHAOBOH CTPYKType peaJbHoro mpo-
CTpaHcTBa.

B kauectse Bepuinn A, B, C TpeyroanHuka OH BhGpad
TPH FOopHBle BepliuHbi: bpoken, XoxenxareH u VH3enbc-
Gepr, oTCTOsliME OXHA OT Apyrokt NpPHOJH3HTENBHO Ha
100 xm. Ilocne toro kak ayce yka3aHHBIM Bblllle CNOCO-
6oM usmepua yraw A, B, C, OH noayuua s CyMMbi 3THX
yraos 3HaueHue 180° ¢ TOUHOCTBIO, AONyCKaBiuelics mnpu-
MeHeHHBIM CrocofoM HaMepenus 1),

Taknm 0o6pasoMm, 3@aMeTHOrc OTKJIOHEHHs OT eBKJMIOBa
3HayeHus OOHapyXHTb He ynajgocb. ONHAKO 3TOT pe3y/ib-
TaT eule He pelaeT NOCTaBJeHHOH npobsiembl, TAK KakK Bbi-
6panHblli [ayccom TpeyronbHHK, BOZMOMKHO, ObLT CAHUIKOM
Mas A8 TOro, uToObl BHISABHTH BO3MOXHOCTb HEEBKJIHAOROH
CTPYKTYPbl BCEJeHHOH.

Ecau 660 pe3yabTar BHIINOJHEHHOTO 3KcleprHMeHTa OBLA
ADYTHM, T. €. HeABYCMBIC/IEHHO OGHapy#uJa Obl HeeBKJH-
IOBY CTPYKTYypy ImpocTpaHCTBa, TO MoJauaauBuit Iayce,
BO3MOXKHO, NpHgaj 6bl 3TOMY 3KCHepHMEHTY GoJbllee 3H&-
YeHHE, YeM OH 3TO chenan B JeficTBHTeNbHOCTH. B pesynb-
TaTe BO3HHKAa Obl 0o/plias ceHcallus, Takas e, Kak
HOYTH CTO JIeT COYCTH, noc/ie OTKphITHH DfHwTtelina. Cuep-
)aHHocTh ['aycca npu onyGAHKOBaHHM CBOHMX HIeH, KOTO-
prie Morau 6Ll TNPOH3BECTH NepeBOPOT B Hayke, o0BsAC-
HAETCH HacTHYHO TeM, 4TO OH 3HaJ/, HaCKOJbKO HHOrAa
Haxe yyeHble NPOTHUBOAEHCTBYIOT HAESM, pacllaThBAOUINM
YKOpeHHBIUHECS B CO3HaHHu ODlUenpH3HAHHbBIE MpenCcTaBae-

1) TlonoGueil skcmepuMeHT npousBoiun M JloBauescKuil, ompele-
JSIBUIHA CYMMY VIVIOB TPEYrobHHKa, o6pasoBaHHoro Jemuedi, Codmiem
# 3pesnolt Cupuyc. — ITpun. ped.
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nua. Korma ogun apyr layeca cran nopuuaTth €ro, sauem
OH CTOJIb JOJTO CKpbIBa/Jl CBOH OTKpPBITHA 006 OCHOBAX reo-
MeTpun, [aycc OTBETHJ, UTO OH omacajcs «KpHKa 6eoTHH-
ueB» ').

B 3akawuenne caenaeM eme opHo 3ameuanse. Kax
yxe OBIJIO CKa3aHO, JIOTHUECKas He3aBHCHMOCTb aKCHOMbBI
napanjie/bHOCTH OT OCTaJbHBIX eBK/JAHNOBHIX aKCHOM BBISC-
HAETCA KocBeHHbiM nyTem. bofisu n JloGauesckuii passuau
HEeeBKJHIIOBY I'eOMETPHIO W3 OCHOBHOH CHCTeMEBI, COAepIKa-
el Bce eBKJMIOBBI aKCHOMbBI 33 €IMHCTBEHHBIM HCKJ/MOUE-
HieM aKCHOMBI Mapan/ebHOCTH, KOTOPYIO OHH 3aMeHHJIH
ee Jloruyeckoii aHrturesol: «Uepes TouKy, Jexalgyn BHe
IPSIMOH, MPOXONHT HECKO/IbKO NPAMBIX, MapaJuie/IbHbIX 3a-
maHHOH mpamoit». Tak Kak Takoe OCHOBHOE MpeiHoJoxKe-
HHe He MPUBEJO HH K KaKOMYy IPOTUBOpEUHio, 10 OBLIO cle-
JaHO 3aKJA0ueHHe, UTO aKCHOMA MapaijiesbHOCTH He MOXKeT
ObITb BLIBEJEHa H3 OCTa/JbHBIX €BKJHAOBBIX aKCHOM, MO
KpailHe#i Mepe KOCBeHHbIM MeTOJOM [OKasaTeJbCTBa (Cp.
co ckasanHslM Ha ctp. 7!). CnenoBaTensHo, akcuoma mna-
pannelbHOCTH JIOTHYECKH  He3aBHCHMa OT OCTa/bHBIX
aKCcHOM.

Mopnenb Ilyankape npuBOAMT K 3TOMY pe3yJabTaty 6o-
Aee wenocpedcraexnolm nyrem. llpasaa, npm 3TOM reo-
MeTpHueckHe OBBeKTnl M OTHOLIEHHS [OJYualoT TOJKOBa-
HHS, YaCTHYHO He COBHAaJalolliie C «ecTecTBeHHbIM» eBKJH-
HOBbIM MOHUMaHWeM (Hanpumep, «npsimasi»y B Mopean Ily-
aHKape HMeeT BHA Kpyrosoil ayru u 1. 1.). baaromaps
3TOMY KaXHoe YTBepiKJeHHe HeeBK/AUAOBOH reoMeTpHH IIO-
JydaeT HOBOe TONKOBaHHE Ha «eBKJAHLOBOM Marepuase»
B paMKaX eBK/JIHIOBOH CHCTEMbI.

IlpennonoxyuM Ha MHHYTY, 4TO akcuoMa mapanjeib-
HOCTH MOXeT OuTh A0KasaHa MPH TNMOMOIH OCTaJbHBIX eB-
KJAHJOBBIX aKCHOM. DTH NOC/Ae[HHe aKCHOMBI, HCTOJKOBAH-
Hble B COOTBETCTBUH ¢ MoJenbio IlyaHkape, npeAcTaBasiioT
co60oit HeKOTOpHle npasuAbHbie TPENNOXKeHHS eBKJIHI0BOH
reomerpud. Ilosbaysice 3TUM 06CTOATENBCTBOM, MBI MOINH
661 Ha ocHoBe MogenH Ilyankape war 3a maroM mpocne-
AUTb JIOFHYECKYIO I1leflb [0Ka3aTeJbCTB, KOTOpas, MO Ha-
uleMy UpeANONOKeHHIo, AoJMxHa Oblia OB PHUBECTH K NOA-

Yy JIpyruMua CJIOBaMH, KDUTHKH HeBew 1. — [Tpun. ped.
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TBEepIK ICHHIO aKCHOMBI HApasie/bHOCTH, HOCTYHAA NPU 3TOM
B TOUHOCTH TaK »Xe, Kak Mbl 3TO jejlaeM B HIKOJe, KOrja
C NOMOUibI0 (GHUIypH, BbluepueHHOH Ha JOCKe, MPOBOLHM
Kaxoe-HUOYIb [0Ka3aTesabCTBO. MTak, mpepnosoxum, 410
B KOHile KOHUOB HeNb J0Ka3aTe/dbCTB NpHBena Hac K noj-
TBEDKAEHNI0 aKCHOMBl mnapajienbHocTH. Ho B Monmean
[Nyankape 3T0T pesy/ibTaT COOTBETCTBOBas OBl CJeLYIO-
memy. Ecau [ ects Kpyrosas myra, OpTOTOHa/IbHO Mepe-
cexawromas npeflesbHYI0 OKpyXKHocTs K, TO uepe3 3afaH-
Hy1 Touxky P, nmexamywo BHYTPH okpyxHoctu K, mpoxo-
ouna OH TONBKO 00Ha Kpyromas ayra !/, Takke mepece-
Kajpomas Mpefe/bHYI0 OKPYXKHOCTh TOH TPSAMBIM YIJIOM,
HO He mepecexkalomas InpPH 3ToM AYyry [ BHYTpPH OKPYX-
nocty K. OnHako B €BKJIMIOBOH TeOMETpPHH TAaKOro MOJIO-
KEHNS He MOXKeT MONYUHThCS, KaK 00 3TOM yxke ObLIO CKa-
3aHO Ha crp. 74. HampoTup, uuCJI0 TakKHX KPYrOBHIX AYT
I 6eckoHeUHO BeaHKO (CM. puc. 12).

JTO NpPOTHBOpeUHe NOKa3bIBAET, YTO aKCHOMa Napas-
JENbHOCTH  JeHCTBHTENBHO JIOMMYeCKH He 3aBHCHT OF
OCTa/JbHBIX eBKJIHJOBBIX aKCHOM, — MpaBja, B Npeanosoxe-
HHH, 4To cHcTeMa EBKnupa, Ha KoTopolt OBUIM OCHOBaHH
nejlaBiiHecs 3aKk/JIOueHHs, caMa no cefe HemNpOTHBOpe-
UHBa.

§ 10. Oro6paxkenne npocTpaHcTBa B 06JaCTh YHCEN.
AHaJlHTHYECKAS reoMeTpus

['eoMeTpHuecKre sBJEHHA B TIPOCTPAHCTBE MOTYT ObiTh
ONMUCAHbLl TaKxe NPH MNOMOIUM uHuCesJ NyTeM TNpHMeHeHHs
TaK HasblBaeMEIX cucrem kKoopouxar. Takue cucteMnl 006-
pasyoTcs TpeMd INPAMBIMH, HCXOAAWIHMH H3 NDOH3BOJb-
HelM of6pasoM (HKCHpOBaHHOH HayasbHOB Toukn O u Ha-
3piBaeMbIX OCHAMH KOOpAMHAT. B Hame#l aynutopuu
Mbi MOMXeM BHIOpaTh 32 Hauya/lbHYIO TOUKY BepIIHHY O1-
HOTO M3 YIJIOB IIOMELeHHs, a 32 KOopAHHaTHble OCH — TpPH
pebpa, nepecexawoujHecss B BeplIHHe BHGPAHHOrO YyrJja.
Kaxknas KoopanHaTHasi ocb HOMXKHaA OblTh, KPoMe TOrO,
«OpHeHTHpOBaHa»; 3TO 03HayaeT, 47O OJHO M3 HampaBbJe-
HHH OCH NPHHHMAETCS <«IIOJIOKHTeIbHEIM», a Jpyroe —
«oTpuuarebieiMy». Jasee, BHIGpaB eauHMUY AJHHHL, Ha-
HpuMep, MeTp, Mbl MOXeM CHaGAHTb KaKAYyW OCh IIKaJgofl.
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§ 10. OTOBPA)KEHHE NMPOCTPAHCTBA B OBJIACTH ULICEN

Torna xampas u3 ocefl CTaHeT «UHCJOBON NpsMoOil», TOY-
KaM KoTopoi OyIyT OXHO3HAUHO COOTBETCTBOBATL uHCJ/A.
HauanbHolt Touke OyneT oTBeUaTh WYHCJAO HYJb, TOYKAM
NOJIOKHTENBHOH ¥ OTPHLATEbHOH TOJyOCel — HOA0KH-
TelbHbie H COOTBETCTBEHHO OTpHUATEJbHBE uHCAa. ITH
4ic/aa, OTBeyalomye TOYKaM, Ha3nlBalTCH KOoOpOuHaTamu
3THX TOUEK.

B cucreme KoOpHHHAT, B3ATOH B Halled ayaMTOPHH,
KOOpAHHATH HPOCTpaHCTBeHHOH TOuKH P rnosydaiTcs cie-
nywoimuM o6pasom: U3 TOuKH P onyckaioTcs NepueHIHKy-
JAApBl HAa KaXJ/yl H3 TpeX ocefl; TOrma noJioxKeHHe TOY-
Ky P Oyner onpelefsiTbCst TpeMs UHCJAAMHU: «IPOAOJBHOI

z

KOODJHHATON® X, «1onepeyHoll KOOpAHHATON» Yy M «BBICOT-
HOH KOOpHHHATOMHY 2.

Takum ofpasom, MHOXecTBO Bcex Touek P mpocTpaH-
CTBa MOMKHO ONHO3HAYHO OTOGDAa3HTh Ha MHOMKECTBE TPOeK
qucen (x, y, 2).

910 oTo6pakeHHe OTHOCHTEJNbHO, MOCKOJbKY OHO OCHO-
BaHO Ha BbI6Ope BHOJIHe OmpeneseHHOH CHCTEMBl KOOpIH-
HaT (WM CHCTeMbl OTCYeTa), BblJAEJEeHHOH H3 BCeX APYrHX
TAKHX CHCTeM 3ajaHueM oceft KoopauHaT. Eciu cuctema
KOOpJAMHAT MeHsieTcs, HalnpuMep, MyTeM NOBOPOTAa BOKPYT
HayaJbHOH TOUKM WJ/IM TIyTeM napan/esbHOro nepeHoca, TO
H3MEHSIOTCS TaKXkKe KOOPAHHATH TOUKH P.

Jns ocymiecTB/eHHS TOMBbKO YTO BHINOJHEHHOTO OT06-
paxeHns P<«-—> (X, y, 2) Mb UpHMEHHIH reoMeTpuio Ep-
Kauga. B caMoM neJe, mocrpoenue, KoTopoe GBHLIO BHINOM-
HEHO, OCI){OBaHO Ha eBKJMIOBOH TeODHH MapaJsjebHbX
(puc. 16),
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TJI. 1. IPOCTPAHCTBO

B HeeBK/JHIOBOH TreOMeTpHH MNOCTDOEHHE KOOpAUWHAT
YVKasaHHBIM CIOcOGOM HeBO3MOXKHO, OJNHAKO €ro MOXKHO
COOTBETCTBYIOIMM 06paszom MoxudHuHpoBaTh. B 3TOH raa-
Be, FOBOPS O KOOpJAHMHaTaX, MBl Bcerjga 6yneM HMeTb B BHAY
esKkAudossl KOOpOUHATDL.

B reomerpun nByMepHO! €BKJHIOBOH MNJIOCKOCTH [0JIO-
JKeHHe TOuki OTHOCHTEAbHO KOOPAMHATHBIX oOcelt olpelne-
asiercs Oeymsa KoopnuHaTamu (x, y). B onHomepHofi reo-
MeTpHH, B KOTODOH paccMaTpHBAIOTCA JIHIIb TOUKH, NpH-
HajJiexalliie OXHOH NpsAMON JIMHHH, IJs OUpeleJeHHs 10-
JIOXKEHHS TOUYKH [OCTATOUHO OOHOU KOOpAHHATHl X,

MBl BUIHM, 4TO YHCIO KOOPIHHAT PABHO paA3MepPHOCTU
paccMaTpHBAEMOTr0 «NpPOCTPAHCTBax.

Bhlille B KauecTBe Hpumepa ocefl CHCTeMbl KOODAHHAT
Mbl yKazajh Ha Tpu «peGpa» Halleil aymaHTOpHH. DTH
peGpa monapHO B3aWMHO OPTOTOHaAbHHI, T. €. NEpPHEHIHKY-
JAAPHBL OOHO K apyromy. Hapamy ¢ TakMMH OPTOroHaJb-
HBIMH (ApSAMOYTOJbHBIMH) CHCTeMaMH KOOPAHMHAT MOXEO
NPUMEHSITh TAaKKe KOCOYTOJbHble CHCTeMBl, B KOTOPRIX OCH
He nepneHjuKyAspHLl 0JHa K ApYyrof.

OpTtoroHa/jbHble CHCTeMBl KOOPJMHAT Ha3bIBAlOTCA TaK-
xKe dexaproseimu cUCTeMaMM —~ o UMeHH dHJIocoda U Ma-
tematuka Pene Jexapta (Kapresmyca, 1596—1650),
BllepBble BHINOJHHBIIETO DAacCMOTPEHHOe BhIe OToOpaxke-
Hi€ TPOCTPaHCTBE B o6sacTb uHCeJN H CO3[aBIIETO TaKUM
NyTeM QHaAuTU4ecKyro eeomerpuro. C NOMOLIbIO 3anadHOH
cHCTeMbl KOODHHHAT TeOMeTpHsi Kak Obl MepeBOJANUTCA Ha
«A3blK 4ucen». [Tocae Toro Kax Ha cucTeMy uucesn orobpa-
JKEeHbi «TOYKH», BCE OCTaJbHBIE TeoMeTpHueckHe MHOHATHS
TaKXe [OJY4aloT CBOM apu(pMeTHuyeckHe aNHaJOTHH HJIH
<H300paxeHus»,

PaccMOTpHM 3TO COOTBETCTBHE Takxke ¢ TOUKH 3peHHs
3/1eMEeHTaPHO-TeOMEeTPHUECKHX OCHOBHBIX OOBbEKTOB H OCHOB-
HBIX OTHOIUIeHHH. /s UpOCTOTHI OTpaHHUMMCA reoMeTpHeH
Ha mnaockoctH. OrtofpaxeHue Ttouek P Ha napsl uucea
(%1, X2) OynmeM BBINOJHATb NPH NOMOLIH NPSIMOYrOAbHON
CHCTEeMBbI KOOPIHHAT.

Kak MBI 3HaeM H3 cpejHell LIKOJbL, NPH TakoMm orofpa-
JKeHun npsiMmoll [ §yaeT COOTBeTCTBOBATb ypaBHeHHe nep-
BOH CTeleHu
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§ 10. OTOBPAXEHHE INPOCTPAHCTBA B OBJIACTH UMCEJ

Ecan «Touka» (xy, Xz) JeXHT Ha 3T0# «npaMoil» /, T0 310
O3Hauaer, YTO KOOPAMHATHL (X4, X2), OYAyuH mOACTABJEHb
B ypaBHeHHe NPSAMOH, YIOBJETBOPAT €My, T. e. o0pamanT
BhipaKeHHe axq+bxs+¢ B Hyab. Hanpotus, ecau «Toukas
(x1, xo) nexuT BHe mpaAMO¥ [, TO Bupaxenue ax;+bx.+c
Moc/1e NMOACTaHOBKH B HEro KOOpHMHAT (X, X:) He Oymer
PaBHO HYJIO.
Hnst mpumepa BO3bMEM NPAMYIO

xl—X2—]=O,

T. €. nojoxum a=1, b=—1, ¢=-—1. Touxa x=2, x,=1
JIEXKHT Ha npsMOH, TaK KakK X3 — Xs— 1=2-—1—1 paBHo
HYJI0; TouKka XKe xy=1, X,=2 nexur BHe NpsMoOH [, TaK KakK
I —2— 1 paBHo —2, T. €. He paBHO HyJW.

Heckosibko Gosiee aleTpakTHO Mbl MOKeM chOpMyJH-
poBaTb CKa3aNHOe BhILIe CJAENYIOMHM 06pa3oM.

B sananHoii cucTeMe KOOpHHMHAT TO4KAM eBKJHIOBOM
NJIOCKOCTH COOTBETCTBYIOT naphel uucen (xy, xo). [pamois
COOTBETCTBYIOT ypaBHeHHS HepBOH CTeNeHH WJH, NPaBHJb-
Hee, TPOHKH uucen (a, b, ¢), Tak Kak Kaxias U3 Takux
TPOEK Onpelle/isieT OJLHO ypaBHeHHe nepBoil cTeneHH ').

HakoHen, oTHOlIeHHe CBsSI3u «TOUKa (X4, X2) JIEXKHT Ha
npaMod (a, b, ¢)» npuobpetaer caenyioumuil apupmernue-
CKHH CMBIC/: «Bhlpaxenue ax,+ bx,+c pasHo Hymo». Ecan
JKe 3TO BhIpaXKeHHe OT/HYAeTcsi OT HyJA, TO «TouKa (X, X2)
JeXHT BHe npaMolt (a, b, ¢)».

[eoMerpHueckHe OTHOLIEHNs NMOPALKA ¥ KOHIPYIHTHOCTH
TakXe HMEIOT CBOH apudMeTHyecKHe aHAJOTHH B aHaJHTH-
YeCcKOH reoMerpHH. Hampumep, KOHTDPYIHTHOCTH OTPE3KOB
HHTepuperupyerca npu nomoumu Teopembl [Indaropa cue-
aywouwnM o6pasoM. Ilycts Toukn A 1 B UMEOT KOOpHHATH
Xy=ai, Xa=a, U COOTBETCTBEHHO X;=0b, Xo=by (B 3agaH-
HOli cHcteme koopauHat K). Torma paccrosHue r Mexay
HUMH OyzeT onpenenaTbCst THIOTeHY30li AB  Ttpeyrosb-
unka ABC, umewouero Karetol by—a; u by—ay. I[losTomy

1) Tounee, npsMyio onpelesior oTHOWEHHA «KOdPHHIHEHTOB» 4,
b, c. B camom 1edae, 1Ba ypasHeHus, Ko3(p@UUHEHTH KOTOpHIX OPO-
NOPUHOHAJbHBI, HanpuMep x;+3xs+1=0 u 2x;+6x;+2=0, onpenessior
OAHY H TY Xe NpaMylo.
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IJ1. 1. NPOCTPAHCTBO

Ha ocHoBaHHH Teopembl [Tugaropa Mbl GyaeM HMeThb
ri=(b,— a;* 4 (b, — a,)*.

Hanee, nycrts A (@, @) u B(by, by) — BTOpas napa TOYEK,
s onpeneneHus paccTOsiHHs 7 MeXJIy HHMH HaljeMm H3
TaKUX ke coo6parkeHul, Kak W Bhlllle, COOTHOIIEHHE

= (b — ay) + (b — a5y’

CaenosatenbHo, otpesku AB n AB 6ynyT ONMHAaKOBH IO
IJiHe, T. e. r 6YIeT paBHO F, ec/u

(b1~ @)+ (by — @) == (b; — @2+ (by — @)

Hao6opor, eciu 06a 3TH BelpaxeHHst He pPaBHHL OJHO 1py-
romy, To otpeskd AB u AB He KOHTDYIHTHHL.

Jlerko Hafith apudmeTHueckHe aHaJOTHH TaKxe n/#
KourpysHraoct# yraoB, Haxoneu, ecrecTBeHHOe apHdmern-
yeckKoe TOJKOBaHHe N0/y4aloT W OCHOBHBIE OTHOWIEHHs MO-
psizka. B camom Hene, MopsJOK TOYEK HA YHCJOBOH mps-
MOH COBflajaeT ¢ TMOPAAKOM apHpMETHUECKHX BeJIHYHH
KOOpPAHHAT 3THX TOYEK Ha UHCJIOBOH NpsiMOH.

PaccMorpenHbIM croco6oM, nocpeicTBOM IMOACHEHHOTO
BHilUE «CJOBaps», BCA €BKJAHLOBa reoMeTpusa ortobpa-
kaercss B ofaacTe uucen. B xauecTBe TOJNHOH KapTHHBI
reoMeTpiy MOJyyaeTcss CHCTeMa aHaJHTHUYeCKOH reomer-
puM, cocrosiniasi M3 «apupMeTHUeCKHX H300paxeHIii» reo-
merpuuecknx noustui. Ofe 3TH cucTeMbl H30MOpPGHBL Me-
KAy coboil.

[Tepexon K aHAJIHTHUECKOMY ONUCAHHIO FE€OMETPHUECKHX
MOHATHA 0O3HAayaeT peluuTe/bHLIA MOBOPOT reOMETPHYECKOro
MBILLIEHNs, 0COGEHHO B ABYX C/eyROLHMX OTHOLIEHHAX.

I. HerouHocTs W Heonpene/neHHOCTh MOHATHH, CBOH-
CTBEeHHasl 3MIMUpHUECKol reomerpui, 6Gaaronaps apupMerH-
YyeCKOMY TOJKOBAHHIO TOJHOCTHIO HCKJIOuaercd. B camom
feJe, SIBIAETCst JH IMIOMPHUYECKH 3anaHHas WM HaIJfLHO
npeacraBisieMas NpaMas «AeHCTBHTENbHO NpAMOIl JIHHHEH»,
pelrntb TpynHo. Muaue ofcTouT neno B aHaJIHTHUECKO(
reOMEeTpHH: 3[eCh COOTBETCTBYIOLUIMH reoMeTpHueckoMy siB-
JeHHIO apudMeTHuecknit ofpas — Ttpofika uncen (a, b, c) —
ABJSIETCH SACIBIM M BIOJHE pasAHUYHMBIM NOHATHEM, CBO-
6oaHbiM OT J1000H HeONHO3HAUHOCTH.
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§ 1. TEOMETPH# TTOBEPXHOCTEW

2. AnanuTHuecKkas reoMeTpHs BHOCHT B reoMeTpuyeckoe
WCC/JAelOBaHHEe COBeplIeHHO HOBHIH Meton. [locsie cooret-
CTBYIOIIeH aHAMNTHUECKOH TPAKTOBKH reOMeTpHH 3Ta Hay-
Ka npuobperaeT NOJHOTY H OeccrnopHOCTb, JOCTUIHYTHIE
B apuMeTHKe H B aHasiH3e, a BMecTe ¢ TeM — H HOBBI
MeTOJ| HccaefoBaHus. Mertonbl HcYHcseHHs  GecKOHEeYHO
ManbIX NPOAOKHIN NYyTb K Judepernyiarbroll 2eomerpu,
3HayMTeNbHO yrayOuellell Hamld reoMeTpuuecKHe 3HAHHA H
OTKpBLIBILEHl I/ TeoMEeTpPHH COBepIIeHHO HOBLIE IepCleK-
THBBL,

Apudmernueckoe TOIKOBaHHe reOMeTpHH BHECJO 3HAUH-
Te/IbHYIO 5iCHOCTB TakXe B BONPOCH JIOTHYECKOro OBOCHO-
BaHHA reometpuu. Tenepnp uend reoMeTpHUecKHX J0Kasa-
TeNbCTE MOryT ObITh HPOCJENKEHBl TaKKe [PH MOMOILU
apudyeraueckux noHaTuii. [Ipn nmoMomun Taknx e 3akJio-
ueHH#, KaK 1 Ha c1p. 81—82 (rne reomerpus Gnlna noscHe-
na Ha mofenu [lyankape), BolsicHseTcst, UTO 3JleMeHTapHas
reomerpuss EBxanzma (a Takke HeeBK/JIHIOBa reoMeTpusi)
HeMpOTHBOPEUNBa, NPH YCJOBHH 4TO B CcHCTeMme ee apub-
METHUECKOro OTobpaXieHHs He HMeeTCs HHKaKHX BHYTpeH-
HUX nporusopeunil, Paspellenne Bonmpoca O HeNpoTHBOpe-
YHBOCTH TeoMeTpHH Hepefaercs TakuM o06pa3oM CcoBep-
LIEHHO APYroil HayKe: yuyeHHIO O uHcJaX — apu(pMeTnke H
aHa/N3y, WX OCHOBHBIM JIOTHUeCKHM npobJeMam. IDTHMH
OCHOBHBLIMH IIpofJeMaMH apu(pMETHKH 3aHHMaercs COBpe-
MeHHasl noruka. B sToM HampaB/eHHH yiXKe MHOroe JOCTHI-
HYTO, HO OT OKOHYAaTeJbHOM SCHOCTH Hac OTHeJseT elle
60/1bHI0Ee pacCcTOSHHE,

Ilepexoa K aHmaJHTHUECKOH TeOMETpPHH MO3BOJNHJ TaKkKe
3HaYHTEe/bHO paclIupuTh 00.1aCTh reoMmeTpHH. AHajHTHYe-
CKasi reoMeTpusa craja Heo6XOAMMOH OCHOBOH jAna cosna-
HHSl T'€OMETPUHR MHOZOMEepHboIX TPOCTPAHCTB. DTHM BOMpO-
€OM MBI 3aitmemcs B § 12.

§ 11. Teomerpua mnoBepxHOCTEH

B 1820 r. I'ayccy Onlia mopyueHa BaKHas npaxThye-
cKas 3ajzava: MPOW3BECTH TeOle3HUECKYID CbeMKYy 3eMJH
I'annosep. Caenys ceoeii Hatype, 'aycc npH pelleHHH 31O
safaud He yAOBJETBODHJICA CTapbiMH, TPAaJHUIHOHHBIMH Me-
Topamu reonesud, OH yray6unacs B HODYUeHHYIO eMy 3a-
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rJ. 1. TPOCTPAHCTBO

Aauy, pasBHJ HOBBle MeTOAb H CTa/J HOBATODOM Takxe
B 5TO# ofnacTu.

Opnarko Tlaycc He ocTaHOBMJ/ICA Ha 9TOH yYacTHOH 3a-
nauve. B reomesnn uccnepyercs ¢opma 3eM/H, AJA Uero
nojsexamas usMepeHHio 06JacTb NOKPBIBAETCS CEThIO
TpeyroabHukos. [lo pasmepam H popme 3THX HeBHOJbLIUX
TpPeyronbHHKOB, a Takxe Mo HX B3aHMHOMY pacuosoxe-
HHIO OMNpelensioTcs reoMeTpHueckHe OCOOEHHOCTH — BCei
CeTH TpPeyroNLHHKOB, NMpHUeM «rao6ajpHO» (T. €. C TOUKH
3peHHs BCel CeTH TPEeyroNbHHKOB), & He TOJbKO «/J0KaJjb-
HO» (T. €. C TOYKH 3PEHHSI OTHEJbHBIX TPEYrOJbHHKOB).

310 HaBeno I'aycca ua MbICAb HCHOJAb30BAThH Ty XKe
npouenypy nJs HayueHus cBoHcrBa J106GOH HOBEpXHOCTH
B npoctpaHctBe. B pesyabtate momcxos [ayce cosmpad
CBOIO 00IIYI0 TEOPHIO TOBepXHOCTEH.

BaxHo#l 3apnadeil 9TO# TeOpHH ABAsSiETCS HCCJenOBaHue
eeode3uueckux AuMUIl Ha IBYMEPHBIX NMOBEPXHOCTAX Tpex-
MEpHOTO eBKJzoBa mpoctpancrea. [lyets Ha Takoff mo-
BEePXHOCTH 3ajaHbl nBe TOukd, A u B. DTH TOUKH MOXHO
COeIMHHTL OfHa C JIPYroH nyraMu pas3’iHYHBIX KDHBHIX, [(€-
JUKOM JleXalluX Ha nopepXHocTH. IlocTaBuM nepen coGo#
sajauy HafTH cpeau TakKux Ayr kparuadwyro. Iyry AB,
YIOBJETBOPSAIONIYI0 3TOMY CBOHCTBY MHHHMAa/AbHOCTH, Ha-
3BIBAIOT 2eole3uueckoll aAunved (mJa 3amaHHON NOBepX-
HocTH). TakHe AHHHH € TOYKH 3DeHHs I'eOMeTpUH paccMma-
TPHBaeMOll NOBEPXHOCTH SIBJAIOTCH «IPAMBIMHY JHHHSAMH.
B camoMm nese, TOJIBKO 4TO YINOMAHYTOE CBOWCTBO MHHII-
MaJbHOCTH XapaKTepusyeT HMeHHO TpAMbie JHHHH Kak
B eBKJAHJAOBOH, TaK ¥ B HeeBKJAHAOBOH mJocKocTH !).

3rta npobieMa MHHUMAaJbHOCTH B O0IIeM cjydae HMeet
TOABKO OOHO pellleHHe NPH YCIOBHH, YTO 3aj2HHbie TOUKH
pacno/ioxens He CAMINKOM [ajNexo onHa oT Apyroi. Ecau
HCK/IOYHTL MOC/AeHIOW BO3MOXCHOCTh, TO Uepe3 JBe TOuKIlf
A n B npoxopur enuMHCTBeHHas «hpsimMasy (reojesnueckas
Nuang). ClefoBaTeNbHO, HPH TAKOM OHpPejeJeHHH NOHATHS

'} Tono6horo poia sazayd HAa OTHICKAHHE SKCTPEMAJbHHIX 3Haye-
HHH pelanTes MeTOAaMH 8apuayuOHHO20 UCYHCHEHHS — OJHOH U3 HAaH-
Gosiee BaHBIX OO6JacTell NMPHAOKEHHS HCUHCACHHA GECKOHeYHO MaJbiX.
{Cu. no sromy nosoay mnonyispuyio Keury Jliocreprux J. A,
Kparuafimne aunuu, M. Tocrexmsnar, 1955.— Mpum. ped.]
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§ 1i. TEOMETPHYA TNOBEPXHOCTEWM

«npsiMasi» Ha HeGOJNBWIHX YYacTKaX MOBEPXHOCTH HMeeT
MeCTO akKcHoMa CcBA3H | (cM. cTp. 46).

Bropas akcuoma cBsizn (akcHOMa mapas/ieslbHOCTH €B-
KJIHI0BO# reOMeTpHH H COOTBETCTBEHHO aHTHTe3a 3ToH aK-
CHOMBl B HEEBKJIHIOBOH reoMerpuH) B o0uem caydae («riao-
GanbHO») He uMeeT cMbicia. Ho B ajemeHTtapHo# reo-
MeTpHH TeopHust napanjelbHBIX CBS3bIBAETCS C BOTIPOCOM
O CyMMe YIJIOB TPeyro/JbHHKa. Bollile MBI Bujesau, 4To B CH-
creMe EBxinpa akcuoma napannenbHOCTH — JIOTHUECKH

2

Puc. 17.

3KBUBAaJeHTHA TOMY, YTO CyMMa VYIJOB TPeyroJbHHKA
paBaa B TouHocTH 180° (cm. crp. 44). Tlocnesuuii Bo-
POC MOXKHO HCCJEL0BaTh Ha NMOBEPXHOCTH 20KAAbHO. B ca-
MOM Jiene, YIaBl «Ieofle3HuecKoro TpeyronbHuka» ABC
{puc. 17), T. e. TpeyroabHHKa, OrpaHHYEHHOrO AyraMH reo-
Je3HYeCKHX JIMHUH, MOKHO Ma3MepuTb. MX cymMMa B o6leM
caysae He Oyper paisa 180°. OnHako OTK/JIOHEHHe 5ToH
cymmel ot 180° nozuunsiercst ofiuefl 3aKOHOMEPHOCTH, OT-
KpuiToft I'ayccoMm H chOpMyJanpoOBaHHON HM B BUIE CJe-
Aywoulefl H3amHoi Teopemml:

¥YrioBoe OTKJIOHeHHe TPeyroJibHuKa (T. e. BeJnuKHa, HA
KOTOPYIO CyMMa YIJIOB TPEYroJbHHKA GoJbllle WM MeHblle
eBKIHioBa 3HaueHus 180°) nmpsmo mponopuHOHANBHO HOA-
HOU Kpusu3ne paccMaTpUBAEMOro TPeyroJbHHKa.

[locnennsas BequuuHa, 414 KOTOpPOH B 3T0fl KHUre HeT
BO3MOXHOCTH AaTb TOUHOe MaTeMaTHYeCKOe OmnpejeJieHde,
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rJ1. 1. MPOCTPAHCTBO

ofycaoBiena H30THYTOCTbIO paccMaTpHBaeMoll  TOBepx-
HOCTH OTHOCHTEJNbHO OKpyKawiero npocrtpasdcrea. UYewm
foJ/ibille 3Ta H3OFHYTOCTb WJIH HCKPHBJEHHOCTb, TeM GoJblie
U «rayccoBa KpuBu3Ha». Cienyer uMeTh B BHAY, UTO KPH-
BH3He MpUMHCHIBaeTCa 3Hak: nubo maoc, aubo Muryc. Ecan
NOBEPXHOCTh B OKDPECTHOCTH CBOed ToukH P uenunkom Je-
XKUT TO OfHY CTOPOHY KacaTesJbHOH MJOCKOCTH, MpOBeJeH-
HOit B Touke P (puc. 18, a), To KpHBH3HA CuMTaeTCH MOJIO-
xutenpHoH. HaobGopoTt, kpuBH3Ha Oyner OTpHuIaTebHOH,

1511 c. 18

ec/i MOBEPXHOCTh B TOYKe P mepecekaer CBOIO KacaTesib-
HYI0 HJIOCKOCTb, HMest B 3TOH ToukKe cennoofpasHblfi BUL
{puc. 18,6). Haxonen, ecny noBepXHOCTb NpencTaB/ser
co60fi TWIOCKOCTH HMAH BOJKM3H TOUKM P HHUTOXKHO MaJjo
OTKJIOHSIETCH OT KacaTeNbHOH MJOCKOCTH B 3TOH TOUKe, TO
KpuBH3Ha B Touke P paBHa HyJI0 1),

Takxum ofpa3oM, 3TH HalJIsIHble TOHATHS CBA3aHbI
€ TeM, YTO AByMepHas MOBepPXHOCTb MOXKeT OnTb H3OTHYTa
B OKpyiawlleM ee TpexXMepHOM npoctpaHcTBe. Boo6pasum
Tenepb, UTO Ha TakOH NMOBEPXHOCTH XKHBYT HeGoJbllne IBY-

1) IMepexon or NOHATHR «KPHBH3HA B TOYKE» K MOHSTHIO «I0JHASA
Kpupnsna» obaacty G noBepxHocTH (HanmpuMep, TreoJe3HYECKOTo Tpe-
Yro/bHHKA) COBEpINAETCA NYyTeM COCTAaBJACHMS CPejHEro apuMeTHue-
ckoro. Pa3busalor o6saacte G Ha n yactell C PaBHHIMH [JOLAJASIMH.
B rkaxnaofi uacTHyHoH o6aacTH BHIGHPAIOT NPOHSBOILHYIO TOUKY H
onpefensaloT B el Kpususny. Jas n obaacrefl mosyyaioTcs KPUBH3HH
ky, ks, ..., kn. Hakosen, cocrasup cpeiHee apudmerHyecKoe

ﬁ—(k1+k2+ ... +kn) H yMHOXKIB ero Ha niomaiab obaactu @, noay-

4al0T Npub/nKeHHOe 3HaudeHHe NOJHOA KpHBH3HBL obaactn G, npudeM
TeM TouHee, 4eM GoJbliie YHCAO H,
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MepHble XKUBbie CYLIeCTBa, KOTODble HMEIT BO3MOXHOCTbL
[IepeBHraThCsi Ha MOBEPXHOCTH, HO HPH 5TOM HHuYEro He
3HatoT 00 okpyxawuiem npocrpacrse. Mues B ceoem pac-
NOpsixKeHHH HeGOJbliMe H3MEPHTE/MbHble JHHEHKH, 3TH Cy-
LeCTBAa MOI/IH Obl ONpenenuTh Kparyailuuil HyTh Mexay
Toukamu A u B (Brosb noBepxHocTH), T. e. re0e3HYecKyIo
AuHu0. OHH MOrH Gbl H3MEpHTb TaKMe YIJIBl B Te0fe3u-
UECKOM TPeyroJibHHKe, c¢J/1eJloBaTeNbHO, MOTIH Ol olpeje-
JIETH YTJIOBOE OTKJIOHEHHe 3TOTO TPeyro/bHHKa.

Tenepp 13 cdopMynupoBaHHON Bbille tTeopeMmnl [aycca
MOXKHO cleJaTe npuMedaTesbHHl BolBO#. B camom nede,
COrJIaCHO 9TOM TeOpeMe Yr/IOBOe OTK/IOHEHHe TpeyroJbHHKa
NpoNopHHOHAIbHO NOAHOH KDHBH3HE TPEYTOJLHHKA, CJAel0-
BaTe/bHO, BOOOpaXKaeMble «MOBEPXHOCTHBIE CYLHECTBa», HH-
Yero He 3Hast 00 OKpyXKawmeM HX MpOCTpaHCTBe, TeM He
MeHee MOIIH OBl 10 H3MePeHHOMY 3HAYEHMIO YIVIOBOTO
OTK/IOHEHHSt TPEYroJIbHUKA OnpejesuTb KPHBH3HY CBOEro
ABYMEPHOTO «MOBEPXHOCTHOIO MUpa»!

Pesynbrath, noayuennme IayccoMm, umeror OrpoMHOe
ofiee snauenne. OHH OTKPHLTH Hepen reoMeTpHeil HeoXH-
AaHHble HOBbHIE nepcnekThBel. B 1854 r. mononoit Beprrapn
Puman (1826—1866) nopasun réTTHHIEeHCKHX MaTeMa-
THKOB, Cpelld KOTOPBIX HaXOIHJCH TaK¥Ke ykKe HeMOJoHoil
Taycc, cBouM noknamom «O rumoresax, JIeXKamux B OCHO-
BaHHH reomerpnu» '). Mcnonb3osas rayccosy TEOPHIO TO-
BepxHocTelf, PHMaH yKasal HyTH NOCTpOeHHS n-MepHOH
anddepenunanprofii reomerpun. Cosganue 3Toi obuiei pu-
MaHOBOM reOMETDUH CTa/J0 MOBOPOTHBIM IYHKTOM MaTeMa-
THYECKOro sHauusa. M3noxuro 3mech unen Pumana B CKOJb-
KO-HHOY1b ZOCTYNHON GopMe BPSAZA JIH BO3MOXKHO. [Tosromy
HixKe, B § | rnaByl V, Mbl orpaHMuMMcs TOABLKO CAMbIMH
KPaTKUMM yKa3saHHAMH O CyLieCTBe PHMaHOBOH TeOMeTpHI.

') Topasutesshbifi 1o rayGHHE 3a/70KEHHBIX B HEM HAEAM JOKIan
Pumaua HacToMbko 060rHAn CBOE BPEMS, YTO He MOT Gbiit MOJIHOCTHIO
oueHeH réTTHHFEHCKHMH MaTEMATHKAMMU. (UckaoueHneM 3gecs sBascs
Tayce, BnoaHe noAroToBJeHHBI CBoUMH OpefIecTBYIOHME paboTaMu
K BOCIPHATHIO HOBBIX HAEH, — M JefiCTBUTENbHO OUeBHAUL OTMETHJH,
UTO OR ylies C IoKJaja B riay6okofl sagymuynBocti.) OrpoMHoe 3Hawe-
Hie uaefi PHMaHa [aa MateMaTHRA H DHSHKH PACKPHUIH  TOMLKO

Divwredn # . Beitas B 10-X rogax HALEro CTONETHS. —
fpun. ped.
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[TpumeuaTesbHO, 4TO MHOTrOMepHAas TeOMEeTPHSI HMeeT
(hyHzaMeHTanbHOE 3HaueHue TakikKe AJ8 COBPeMeHHOH ¢u-
3ukH. CHenHanbHYIO TEOPHIO OTHOCHTEABHOCTH MOXHO pac-
cMaTpUBaTh B H3BEeCTHOH Mepe KaK «reoMeTpH3alyio» Qu-
8HUECKOTO MHpa sBJeHHI, IPENCTABAAEMOr0 B BHIEe eBKIH-
J0Ba YeTLIPEXMEPHOr0 MHpa ¢ TpeMs KOOpJHHATaMu MecTa
u ueTBepTolf Koopaunatoii Bpemenn. O6illas Ke TeOpHH OT-
HOCHTENbLHOCTH (TEOPHS TATOTEHHs1) DHHIITEHHA MNpPEeNCTaB-
JasieT coBoll «HeeBKAMAOBY» YeTBIpeXMepHylo TeoMeTpHIo, B
KOTOpO# €BKJHIOBO NPOCTPAHCTBO CHEUHANBHO!H TEOPHH OT-
HOCHTEJLHOCTH 3aMEeHeHO HCKPHBJEHHBIM YeThIPeXMEePHHM
pHMaHOBEIM mpocTpaHcTBoM (cM. § 2 v V).

3akoHuMM 3TOT mnaparpad HECKONLKHMH NpHMepaMH,
NOACHSAIOWMMH rayccosy TeopHIO noBepxHocTed. BepHemcs
K MCXOAHOMY NYHKTY HcciegoBaHuii I'aycca—k reo-
METPHH INOBepXHOCTH 3JemJjH. Dynem paccmarpuBath 3eM-
JI0 Kak TouHHH wiap. [eome3nuyeckumu JHHHsSMH l1apa
ABAAIOTCA Goabuiue Kpyeu, NIOCKOCTH KOTODHIX INPOXOZAT
uepes 1eHTp 3eman. Cymma YIVIUB TeO/e3HyecKoro Tpe-
yroJIbHUKa, OrPaHHUYeHHOrO AyraMH Tpex OosbLUMX KDYFOB,
Bceraa 6oasuie 180°. CaenmosatennHo, Yr/IOBOE OTKJAOHEHHE
TPEyro/bHHKa MOJIOXKHTEJIbHO H IIPH 3TOM, KaK # B reomer-
pun  Boitan — JloGaueBckoro, upsMO  NPONOPUHOHANBHO
NJIOMAAH 3TOro TpeyroanHuka ).

J10 coBunanmaer ¢ TeopeMod Iaycca. B camom gene,
KDHBH3HA I1llapa nOCToAHHQ (paBHA KBajapaty oOpaTHOTO
8HaueHHA pajuyca Lilapa); NOITOMY TOJHAs KPHBH3HA reo-
Je344ecKOro TpeyroibHUKa (, COTJIACHO 3aKJAIUNTENbHOMY
saMeyaHHIO B cHOcKe Ha crp. 90, paBHa 3TOH MOMOXKH-
TeJbHOH NMOCTOSIHHOA KpHBH3He, YMHOMXeHHOH Ha MJomanb
TpeyrosaeHHKa G, cjegoBaTesbHO, NPSMO NPONOPUHOHABHA
5TOH m/I0IHa K.

) Boo6pasum, wuanpumep, reojesHueckuii tpeyroJsHuk G, Bep-
wHHa A KOTOPOFO pacno.ioiKeHa B CeBEpHOM MOJIOCE, a BeplidH B
u C Jexar Ha 3KBaTtope B Toukax ¢ morrotamMH 0° u «° B Ttakom
Tpeyroabtuke yrasi B u C pasupt 90° a yron A pasen o rpanycam;
CJ1e]10BATENbHO, YIJIOBOE OTK/IOHEHHE TPEYrOJbHHKA TaKkKe paBHO o,
C 1pyroft CcTOpOHH, OUEBHAHO, YTO NJIOUIAAb Tpeyrosviuka G paBHa
MOJIHOI MJIOIMA@AW CeBepHOro MOJAyLIapHsi, YMHOXKeHHo# #a o°/360°.
Takum o6pasoM, yriosoe OTKJAOHeHne TpeyroJsHuka G aefcTBUTEIBHO
NPONOPUHOHANBLHO ero IOULAH.
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Hanee, u3 teopembt aycca caenyer, yTo mosHas KpH-
BH3HA TeONe3HYeCKOTO TpeyroNbHHKa (onpejesneHHas, cO-
IJ1lacHO cKasaHHOMY B CHocke Ha crp. 90, HekoTOpbIM npo-
LeccoM YCPeIHECHHs) NpPH HeOrpaHHUeHHOM YMeHbINeHHH
TpeyroJbHiKa CTPeMHTCst K Hyni0. B npenene yriosoe o7-
KJIOHEHHe TpeyroJibHHKa Hcye3aeT, H MO3TOMY Ha OHeHb
He0OJbIION MIOMmanHd TreoMeTPHs IOBEPXHOCTH IIOUTH €B-
kauJoBa. CjenoBaTe/bHO, Ha TaKHX JIOKAJbHO OrpaHHyeH-
HbIX 4aCT#X MOBEDXHOCTH HallH <«NOBEPXHOCTHHE CYyile-
CTBa» MOCYT NPHMEHSATb €BK/JAHLOBY reoMeTpuio, He jesas
IPH 3TOM CKOJbKO-HHOYab 3aMeTHHX OWHGOK. JTO BIOJHE
COOTBETCTBYET HAlIMM eCTeCTBEHHHM Har/lsfHbIM npejcTa-
BIeHuaM. B camom Jene, HeGosbluasi OKPECTHOCTb NOBEPX-
HOCTH B TOuke P nouTH coBnajaeT ¢ KacaTeNbHOH mnJo-
CKOCTBIO K TIOBEDXHOCTH B 3TOH TOUKE W IIPHTOM TeM TOY-
Hee, YeM MeHbllle OKpecTHocTb, CrenoBaresbHO, CBOHCTBA
MOBEPXHOCTY B HellocpencTBeHHoH Gsn3ocTH K Touke P
MOYTH Takue Xe, Kak Yy MJOCKOCTH, T. €. eBKJHIOBHL.

CoOTBETCTBEHHO 39TOMY MOCTYNA€M U Mbi, ¥HTETH 3eM-
HOro apa, B Haiuefi npaxruxe. [loBepxHocTb ozepa Mbl
paccMaTpHBaeM Kak TJIOCKOCTb H HDH MOe3[Ke 1o 03epy
NpuMeHsieM NpaBuia MJIOCKOH eBKnnpoBoil reometpuu. OT-
KJIOHEHH$1 OT MJOCKOCTH, OOYC/JOBJAEHHHE KPHUBH3HON 3eM-
HOTO wapa, CTONb MaJbl, YTO HX MOXHO He VUHTHBATh,
OnHako cHTyauHs H3MeHsieTCS OpU MJABaHUH MO OKeaHy.
Ha Goablinx mpoTsiKeHHsX reomerphs cephl BecbMa Cy-
IIeCTBEHHO OTAMuaeTcst OT npaBua Erxauma. Mopennasa-
TeJb DOKOBbiM o06pa3om owmubes 6w, ecau 6 Besa CBOMH
kopabnab 10 NpaBHIaM eBKJIMAOBOH TeOMeTpHH.

Mbl TONBKO 4TO paccMOTpesnn Cepuueckylo reoMeTpHIo
KaK 4acTHBI CJyuall rayccoBOil TeopuH [OBEpXHOCTeH,
Onnako coepuueckylo reoMeTpuio MOXHO NOCTPOHTb TaK-
Xe CHHTeTHUeCKHd, OyTeM NpAMOH JIOFHYeCcKOW Me[yKILIHH,
MCXOJAsi M3 CHCTeMBI aKCHOM TakK, K&k 370 jejaerca B 3Jje-
MEeHTapHO! eBKJIMJ0BOH HJIH HeeBKJHROBOH reomerpnu. Ho
aKCHOMBI CBsA3M OynyT Tenepb HHBIMH. [lpasma, uepsas
aKCHOMa: uepes [Be TOYKH NPOXOJHT TOUHO ONHA mpsMas
(npuueM «npsaMbiMH» OYRyT GoJibluHe KPYTH), OocTaeTcs He-
H3MEHHOM, HO C OJHHM UCKAIOueHuem. A MMEHHO, eci JBe
TOYKH JI€XaT OJHa OT APYrO# Ha HauGoJblIEM BO3ZMOXKHOM
paccrostHuil, T. €. Ha KOHUAX AlHaMeTpa, TO HMEeTCs GecKn-
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HeyHO 6O/bIIOe HHCJIO COeIHHAILHX HX «NpsMBIX» (60Jb-
wHX KpyroB). B camoM nene, uepe3 cesepHBIl M I0XHHI
NOJIOCH MOKHO HpOBecTH OeCKOHEUHO MHOI0 MepHIHaHOB.
[TapanmenbHbIX Xe UPAMBIX Ha cdepe He MMeeTCH COBCEM:
ABa OOJBHIMX Kpyra Bcerza nepecekawmTcs, NMpHYEM JaxKe
B IBYX (IHaMeTpaJbHO MPOTHUBONOJOMHBIX) TOUKaX.

AxcuHoMBl MOpPSAKA TaKXKe H3MEHSIOTCH. DOMBINOR Kpyr
npejcrasaser coboit 3aMKHYTYi0 JIMHHIO, MO3TOMY U3 Tpex
TOYEK Ha 3TOM KpYyre Kanas JeXHT «MeXIy» ABYMA ApY-
raMu. Yro-nubo Kacamwollleecs NOpgaKa MOXKHO BHICKasaTb
TOJILKO O 4eTbipex TOuKaX; OHH 06pa3yiT aBe maphl, pas-
AeJIA0IHe 0/1Ha APYIYIO.

TeopHst KOHIpY3HTHOCTH OCTaeTcs TaKoil e, Kak B €B-
KJIHJ0BOi H HEeBK/IHIOBOH reoMeTpHH.

[TosepxHOCTh WWapa mpejcraBiseT COBOM 3aMKHYTYIO,
KOHEYHYI0, HO BMECTe C TeM HEO2PAHUYEHHYIO TOBepX-
HOCTb. OTHMH IVI06aNbHbIMH CBOHCTBAMM OHa PaAMKaJbHO
OT/IHYaEeTCA OT EeBK/AHMOBOH H HEeBKJMIOBOH MJOCKOCTEH,
KoTophle 0fe GeckoHeuHbl !),

[ayccoBa Teopusi noBepxHOCTeH pelllaeT TaKiKe CJeyio-
Iy npobjeMy: HMeWTCs JAH B TPEXMEPHOM eBK/IHIOBOM
IPOCTPAHCTBE HAPALY € MJIOCKOCTAMHU TaKXe ADYrie IBY-
MepHble NMOBEpXHOCTH, BHYTPEHHsSisT TeOMeTpHsT KOTOpHIX eB-
KJIHL0BAa?

TakHe nOBepXHOCTH IeHCTBHTEJIbHO CYUIECTBYIOT, IpH-
yeM flaxe B GecKoHeuHOM uyucse. OHH Ha3blBAlOTCH paseep-
TOBAOWUMUCA, TAK KaK HX MOXHO pa3BepHYTh B MJO-
CKOCTb, He paspbiBaa W He pactsrupas?). Koundeckue H uu-
JHHADHYECKHE TOBEPXHOCTH, & TaKXe MOBEPXHOCTH, ofpa-
3yeMble KacaTesJbHOH K HPOCTpaHCTBEHHOH KpHBOMH, Korja
aTa KacaTe/lbHad CKOJb3HT BHOJb KPHUBOH, fABJAITCA pas-
BePTHBAIOIMUMHCS NOBePXHOCTAMH. /1 3THX HOBepXHO-
crefl rayccoBa KpHMBH3HA paBHa HyJio. EBKaugoBa npu-
poJa HX BHYTpeHHeH reoMeTpHH cleiyeT TakiKe H3 TOro,

1) Cornacio ofuieil TeopHH OTHOCHTEJbHOCTH JIHHIITeAHa, Haue
MHPOBOE NPOCTPAHCTBO, NOAOGHO NOBEPXHOCTH Iapa, KOHEYHO H 3aMK-
AyTO (cM. cTp. 224).

%) Tounee, tpeGyercs, 4TOGH Ha MJOCKOCTb MOMKHO OLLIO pa3Bep-
HyTb, He Da3pblBas # He paCTArHBaf, AOCTATOMHO MaJjblfi KyCOK Ho-
sepxuocti. — [Tpum, ped.
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UTO nyteM H3rubGaHHs OHH Moryr OblThb uzomopduo o070-

"6paxKeHBl Ha €BKANIOBY MJI0CKOCTb. [IpH 3Tom reomeawue-

CKHE JHHHH N1eDeX0fAT B IpsiMble Ha MAOCKOCTH, a KOH-
TPYSHTHbIM (HIypaM Ha MOBEPXHOCTH («OTpe3ram», «yr-
JaM», «TPeyrojibHHKaM» H T. 1.) COOTBETCTBYIOT B MJIO-
CKOCTH KOHI'DYSHTHBIE €BKJIHIOBH 00pashi.

HakoHeu, BO3HHKaeT BOMpOC:! CYLIECTBYIOT JH B Opo-
CTpaHCTBE NOBEPXHOCTH, FeOMETPHs KOTOPBIX HEEBKJAHAOBA
B cMbic/ie boitsn u JloGaueBckoro?

Orser Ha 3tor Bompoc paet obuias Teopema [aycca,
ylomsHyTas Ha c1p. 89. B HeeBK/IMIOBOM TpeyrojibHHKe
cymma yrios MeHbine 180°. CnepoBatenbHo, YIJIOBOE OT-
KJIOHEHHE TPeyrolbHHKa OTpULATeAbHO; COTNACHO TeopeMe
laycca, oHO n0/MKHO GHTH NMPONOPUHOHANBHO TOMHOM KpH-
BH3He TpeyroabHHka. C Apyrofl CTOpOHHl, VIJIOBOE OTKJO-
HeHHe TpeyroinHHKa, COIJ1aCHO TeopeMe, UpHBeneHHOH Ha
cTp. 89, paBHO mJOMmanH TPEYTOJbHHKA (HOJIOXKHTENBHOH),
YMHOXEHHOH Ha OTpHuaTelbHYyI0 moctosiHHywo. Ho aTo
O3HauaeT (cM. cHocKy Ha ctp. 90), 4r0 mOBEpXHOCTHL B
KaXJ0i CBOeHl TOUKE HMEET MOCTOSHHYIO OTPULATEAbHYIO
Kpususany.

O6patho, Ha KaX 1ol Takofl npPoOCTpaHCTBEHHON MO-
BePXHOCTH HMEIOT MeCTO mpaBusia reomerpuu bofisu u Jlo-
Gauesckoro. [ cyuiects, KoTopble KuaH OGH Ha TaKHX
NOBEPXHOCTAX, HEEBK/AMNIOBA TreoMeTpus Oblia Obl «ecTe-
CTBEHHOH>»,

Paccmorpenne cBOMCTB TaknX NpPOCTpaHCTBEHHBIX MO-
BEPXHOCTEH NaeT O NpHPOJE HEeBK/INJOBOH reOMeTpHH elle
Goslee HarisiHoe NpejcTaBleHHe, uem Mojaenb Ilyamkape.
B npocrpanctse cyuiecrByeT 6ecKOHeuHOe MHOMKECTBO NO-
BepXHOCTeH € NOCTOAHHOH OTpHuaTenbHOH KpuBU3HON. Oco-
OeHHO NpOCTBIM TMPHMEPOM NOBEPXHOCTH TaKOro poja HAB-
JA€TCH TaK HasblBaemast ncesdocghepa. dra mOBEpXHOCTH
nosyyaercst H3 KpPHBOH, HasuiBaeMoll TpaxTpucod, nyTeM ee
BpauieHus BOKpYT ocu X (cM. puc. 19). Tpaktpuca o6nanaer
CJIeYIOLNINM CBOHCTBOM: KacaTtenbHas K Hell B 11000i1 ee Tou-
Ke nepeceKaeT OCb X Ha NMOCTOSHHOM PaCCTOSHHH @ OT TOY-
KH KacaHus,

[Monsenem wutor. Ha aByMepHBIX NPOCTPAHCTBEHHBIX
NOBEPXHOCTSAX, 0OnafalomuX  NOCTOAHHON  KpPHBH3HOIL,
HMeeT MeCTO 3JeMeHTapHasi eBK/JHAOBa reoMeTpusi, ecilH
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KDHBH3HA DaBHa HYJIO, 3/JeMeHTapHas HeeBK/HAOBA reo-
MeTpHsl, eC/¥ KDHBH3HA HMeeT NOCTOSAHHOE OTPUIATENBbHOE
3HaueHHe, M 3JeMeHTapHas cdepuueckas TeOMETPHsH, €CJIH
KPHBU3HA UMeeT NMOCTOAHHOe MOJOMHTE bHOe 3HaueHHe,

Puc 16

Yie OIMH 3TOT H3ALUHBI pe3yJbTaT MOKa3blBaer, Ha-
CKOJILKO TeopHsi NOBepXHocTeH, pa3puras [ayccoM, pacuiu-
puna u oboraTina Halll 3HAHUS O TeOMeTPHUECKON npi-
pone mupa.

§ 12. YersipexmepHast reoMeTpus

Okpyxamouiee Hac reoOMeTpHYECKH-(pH3HUECKOe MpO-
CTPAHCTBO TPeXMepHO. DTO CBOHACTBO NPOCTPAHCTBA H CBsi-
3aHHBIE C HHM IpenCTaBJeHHs KaxKyTcs HaMm OUYeBHIHBLIM
daxrom. Hekoroprle npakTHKH He BUAAT OCHOBAHHH MCKaTh
B 3TOM Bompoce Kakyw-aubo ocobywo npobneMmy. OnHako
MaTeMaTHKH H Guaocodbl yxe B MPOLLIOM CTOJNETHH 3aHs-
JIUCh 3THM BONpocoM. B pesynbraTe BBISCHHJIOCH, YTO 3Je-
MeHTapHo-reoMeTpHyecKasi CTPYKTypa HH B KOeM cJyyae He
CBsi3aHa € JONyIleHHeM, YTO NPOCTPaHCTBO HMMeeT HMEHHO
TPH H3MepeHHd. AHanuTHyecKass reOMeTpHsl CaMbiM ecTe-
CTBEHHbIM 00pa3oM OTKPBIBA€T JOCTYN K YeThPeXMepHOH u
MHOTOMEDHBIM eBKJIMAOBHIM CHCTEMAM.

Taxkue MHOroMepHble reoMeTpHH paccMaTpHBaJHCh CHa-
Yaja TOJIbKO KaK TeOpeTHuecKHe MOCTPOSHHs, He HMeloljie
C TOYKH 3DeHHSl IMIHDHUECKOH TPAKTOBKH NOYTH HHKAKOTO
snavenus. OnHako Ha pyBexe XIX u XX croserufi BHsc-
HUJIOCh, YTO 9THM CHCTeMaM CyXKHEHO HIrpaTth B €CTECTBO-
3HaHHY BaXHyl posb. TeopHust OTHOCHTEeJABHOCTH paccMma-
TpuBaeT (H3HUeCKOoe  CcOOBITHE — NBHIKEHHe M IIOKOH
Tesa ~— KaK TeOMeTPHUYECKOE sBJeHHEe B YeThipeXMepHOM
IPOCTPAHCTBE C TpeMs NMPOCTPAHCTBEHHHIMH H3MePeHUsMY
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il 4YeTBepTHM BDEMEHHBIM H3MepeHHeM. DTO NpelcTaB/eHne
iBJIsieTC OCHOBOH TeopHu OTHOCHTeJBHOCTH OIfHINTelHa,
H TO 06GCTOATEJBCTBO, UTO MaTeMaTHKa K TOMY BpeMeHH
yKe 3anoxuiaa ray6oxkuil GyHiaMeHT TeopHH YeThipexmMep-
HOTO MpOCTpaHCcTBa, OBLIO CYL{ECTBEHHBIM YCJOBHEM A%
BO3HHKHOBEHHs] cOBpeMeHHo# &usuku. CosgaHue TROpHiL
OTHOCHTEJBHOCTH fiBJsieTcss OZHHM H3 3aMeuaTesibHeHIIHX
NPHMEpPOB MOPa3HTENBHOrO COBNAAEHUS MEKIY HieasbHBIM
MHPOM, [TOCTPOEHHBIM uUEeJOBEUEeCKHM MBILULAEHIEM, H 9MIIH-
pugeckum vupom. Ha stom ocHOBaHa BO3MOMKHOCTL paLlHO-
HaJbHOTO BOCHpPHATHS HeficTBuTesbHOcTH. O 3TOM elyH-
CTBE gyMaJur ApeBHHUe, KOU'ia TOBOPHJAM O «fipenHauepraH-
HO{ rapMOHHu» WHpa. DTy e MBICJIb BbLIpaxKaloT CAOBa
Fanunes: «Kuura npipoab HanucaHa MaTemaTHUECKHMI
3HaKaMHu».

fTpexxne uem jaTp npejpcTaBieHHe O FeOMeTPHH YeThl-
pexMepHOro npocTpaHcTBa, Uenecoo6pasHO  HANOMHHTD
0 HEKOTOPHIX TeoMeTpHUYeCKHX CBOACTBaX TPeXMEepHOro npo-
CTpaHCTBa H ero uacTefl ¢ MeHbIIMM UHUCAOM H3MepeHHi,
T. €. ABYMEpHBIX H OJHOMEpHBIX reoMeTpHuyeckux 08pa3oB.

Mpsl Bugenn (cTp. 83), uto nonoxeHue Touxki P B Tpex-
MepHOM [IPOCTPaHCTBe ONpejessiercss TPeMsi yhcjaaMu: KO-
OpHIHHATaMi X, Y, 2 OTHOCHTEJNbHO 3a[aHHOI CHCTEMBl KO-
opAuHaT. B aByMepHOM MHpe IJs OlpejesieHis TOJOMKe-
HHA TOUKH JOCTaTOYHO ABYX Koopauuat. Has toro urofnl
ecTeCTBeHHBIM 00pa3oM mnepefiTH OT Tpex H3MepeHHi K ue-
ThIpeM, HeJecooGpasHo, ¢ ONHOH CTODOHDI, YCTAaHOBHTh, Ka-
KHe TPUBHAKH TpexmepHolt u dsymepHoiu reomerTpuil
ABAAIOTCA OOWHMMH, a ¢ APYrofl CTOPOHBI, BHIACHHUTD, YEM
3TH reoMeTPHI OTdanyaloTess oaua ot apyrofl. [lTostomy mno-
fiblTaeMcsd MPOHHKHYTb B MHUP NPEACTaBJeHH KuTeNed
BOOOPaXKaeMOro ABYMEPHOrO MHpa. IDTH <INOBEePXHOCTHBIE
CyliecTBa» NPHBA3aHbI K CBOEMY JIBYMEDHOMY IIpOCTpaH-
CTBEHHOMY MMDY; NpejCcTaBleHHe O TpeTbeM H3MepeHHH
y Hux otcyrcrByer. Mm 310 u3MepeHHe G6yaeT Ka3aTbCh
CTO/Ib € 3arajouHbiM, KaK 4eTBepTOe H3MepeHHe 1Js Hac,
KUBYUIMX B TPeX H3MepeHHUsX,

ITycTs «moBepXHOCTHHE cymiecTBa» MAAst ONpefejeHus
NOJA0XKEeHHA TOUKH P B cBoeM MHpe (OyieMm NpencTamasTh
3TOT MHD B BH/JE ILIOCKOCTH) MOJB3YIOTCH NPAMOYTOAbLOH
cucremoit koopannat K (puc. 20). KoopnmuHatel Touku P
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I/l 1. IPOCTPAHCTBO
nyctb OYHyT Xy W X.. PacctosiHue r OT Hauyasa KOOpAIHAT
1o Toukd P onpenensierca teopemoit [Tudaropas:

2 242 (1)
a yron o mexay orpesxom OP u ocbio Xx; — GopMynaMu

Xy . X
cos g = —, sSind = —.
r r

Hns sropoit Toukn P’ aHanoruuHbiM 06pa3oM moJsyuaem

2 ___ 2 /2
r ——-xl x2

4 '4
X )C?

cosa’:—r,i, sina’:—;.

Yrog o=a’ — «, 3ak/1oueHHbl Mexny Jysamu OP u OP’,

BHIUHC/IAETCA [0 (POpMYy/e 3/1eMeHTapHON TPHTOHOMETpHH
xlx{—}-xgxg

Va3V s

Ha neyx ¢opmynax (1) # (2) MOXKHO NOCTPOHTL BCIO
€BK/IHJOBY NJIaHHUMETPHIO.

cosw==cosa’ cos o sina’sina = 2

Puc 20,

Onnako B Kaxko#-HHGYAb JeHb MOMXKET CJAYYHTBCH, YTO
reomerp BOOOpaxkaeMOro JBYMepHOrO MHPa OTKPOeT TpeTse
H3MepeHHe, XOTA 3TO HOBOe H3MepeHHe OYyJeT KasaThCs
KUTRNSIM [BYMEDHOIrO MHpa CTOJb K€ 3arajouHbiM, Kak
YETBEPTOE H3MEDeHHe — XKHTe/IAM TpPeXMepPHOTo MpOCTpaH-
crBa. Ho KakdM 06pasoM reoMerp ABYMEPHOrO MHPa MOr
6ul OTKpBITb 3TO 3arajouHoe HsMepeHHe? De3ycJOBHO, He
lyTeM reoMeTpHYecKoro HabJlloJeHns, Tak KaK reoMeTpHye-
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CKUE BOCHDHUATHA H NpPENCTAaBJEHHS 1OBEPXHOCTHBIX Cy-
I{eCTB HepaspbIBHO CBA3AHH C HX JABYMEDHBIM MHDOM.
Onnaxo reoMeTp OBYMEpHOIO MHpa MOT 6bl paccyXaaTh
caeayomnM ofpasom.

«Hawmu maraspHO-reoMerpuueckde Haba0leHns He Mo-
TYT HaBeCTH Ha cJjell Tperbero uaMepenus. Ho, BoaMoxHO,
3TO YAACTCSA, €CAH OTKAa3aThCsi OT eCTECTBEHHHIX I'eOMETpH-
YeCKHX NpencTaBaeHUil H BMeCTO 3Toro o0paTHTbCa K TOMY
O0TOGpa)<eHHI0 TeOMeTPHUECKHX I[OHATHH, KOTOpOe COmep-
KHTCS B aHa/HTHUecKoH reomerpud. IlpaBna, stomy axa-
JUTHUECKOMY TOJIKOBAHHUIO He JOCTaeT reoMeTpHuYeckodl Ha-
T AHOCTH, T€M He MeHee OHO, SIBJSASCH TOUHHIM OTOoGpa-
AKeHyeM Hallero KOHKDETHODO IeoMeTPHUYeCcKOro Mupa, OfH-
HAKOBO € NOCJEIHUM IO CTPYKTYpe HJIH H30MOPGHO C HUM»,

«UTO mokasnlBaeT 3Ta reoMerpudeckass kaptuHa? Ilpe-
e BCEro, YTo MOJIOXKEHHe TOYKH B HallleM ABYMEPHOM
npocTpaHcTBe onpejpensieTcs 0degyms wKoopauHaTamu. Cuie-
J0BaTeNbHO, €C/IH TpeXMepHBIH MHP CYL{eCTBYeT, TO B aHa-
JUTHYECKON TeOMEeTPHH, COOTBETCTBYIOLIEHl 9TOMYy MHPY, 110~
JO¥eHHe TOUKH [OJIKHO ONpelesisithCsl TPems KOoOpiHHa-
TaM# Xi, X2, X3, U3 KOTOPBIX JBe epBble SIBAAIOTCH HalIHMU
OObIYHBIMH KOODIHMHATAMH, a TpeTba NpencTaBaseTr coBoi
KOOPAMHATY B HOBOM, TPETbEM H3MepeHHl»,

[Toka Bce o6crout mpocto. OAHAaKO KakK OGHApYXUThb
recMeTpHiecKHe MNpaBu/a, LeHCTBylOlNHe B HaraapHo He-
NpencTaBAsieMOd  TpeXMepHOH  eBKJHAOBOH TeOMeTpHH?
Benb OT TOro, uto Temnepsh NoJOMeEHHE TOUKH ONpepessercs
TpeMst YUCAAMH Xy, Xo, X3, €ille HHYEro Heu3BECTHO O CTPYK-
TYpHBIX NIpaBHJax 3TOH reomerpudeckoft cucremsl. Ha sto
reoMeTp ABYMEPHOIO MHPa& OTBETHT:

«KoHeuHo, Hamla reomerpHueckasi HarJsgHOCTh He MO-
eT noMoub OOHApYXHTb TakHe npasusa. OpHako 3anaua
CTaHeT sfcHee, eC/IH MBI NONBITAEMCS 110 BO3MOXKHOCTH NPO-
CTO, MPH NOMOILH TOHATHOH aHajoruu, o606LWIHTbL IBYMep-
HYI0 aHaJHTHUECKYIO 'eOMETPUIO».

Takas aHajlorns oueBHAHa. 3aKOHEl ABYMepHOIl aHa-
JHTHUECKON TeOMeTPHH MOTYT OBITb IONBITOMEHH ABYMSA
dopmynamMn (1) u (2), onmpenessiomiuMU PaACCTOsIHHE Me-
MY NBYMst TOUKaMH H YTOJM MEXAY HABYMst npaMmsiMu. Has
TOr0 4TOOHl MEePEeHTH K TPeXMEpPHOH reoMeTpuH, AOCTATOUHO
cresaTh K 3THM ¢opmynam HeGodbluoe onoaHeHue, o6yc-
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r'Jl. 1. MPOCTPAHCTBO

JOBNeHHOe HOBBLIM H3MepeHMeM H COOTBETCTBYHIUel eMy
TpeThell KoopauHaTofl x3. U3 ctpyxryps dpopmya (1) u (2)
cpa3y BHJHO, UYTO EJHHCTBEHHBHIM eCTeCTBeHHbM 06obIe-
HUEM JIBYMepHOH aHa/MTHUYeCKofl reoMeTpHM Ha TpexMep-
Hyto OyzeT caenyvioliee:

Paccrosnne r mexay HadanoM O cucrembl KOOpAHHAT H
NpOH3BONMBHON TOuKo# P (X1, Xp, ¥3) MOJKHO BHIYHCAATHCH,
no aHaJsoruu ¢ teopemoil Iludaropa, kKak KopeHb KBaapart-
HbIli ¥3 CyMMBl KBaIDaTOB KOODIMHAT, C/AENOBaTe/bHO,

r=VxX+xi+x. (1"

Taxkum ke crnocobom obobuiaercs U opmynaa aasa yria o
mexay npameimu OP u OP" [P/ =P (x], X}, x)|:

/

4
xlx{+x2x9+x3x3 ’
/e 9 5 2 2 2 (2 )
) xi+X§+x3V«v1 +xy 43

Kax TosibKko 3TH (POPMYJbl YCTAaHOBJEHH, BCst TpeXmepHas
aHa/JMTHYECKasi reoMeTpus B IpHHUMAe mocTpoeHa. B ca-
MOM JieJle, MyTeM eCTeCTBEHHBIX 3aK/IO4eHHl N0 aHaJOTHH
MOMXHO TOCTPOHTb NOJIHYI0 aHaJHTHYECKYIH CHCTeMy, HC-
MoJb3yst [/ 3TOT0 OCHOBHBlE «MeTpHUECKHE BeJHUHHBIY»
(1Y 1 (2') B TOUHOCTH Tax e, KaK 3TO JHeJaercs B ABY-
MepHofi reomeTpuyu npu nomomy gopmya (1) u (2).
HMuTynunuss reomerpoB u3 JBYMepHOro Mupa He olbma-
Hyna OBl WX, ecid OBl OHM YKa3aHHBIM cllocof6oM co3palH
TpPeXMepHYI0 eBKAWNOBY reomerpuio. IIpaBmna, xoropbie
OHH COCTaBHJM Obl, ObIIH Obl HeHCTBUTENBHO TOUHO TaKUMHU
ke, Kak H3BeCcTHble HaM M3 Hallleli TpeXMepHOH reomer-
pun 1), CnenoBaTenbHo, YKa3aHHBIM CHoco8oM BooOpaxae-

COS W=

') C nomMownio puc. 16 (crp 83) MBI MOMKET BBIUMCAHTL pac-
cronHue r=0P crenywomum o6pasoM. Ilycts npoeruseit toukn P Ha

niaockocth xy Oyaer Touka P. Cornacio teopeme Ilndaropa, umeeM
(0P)? = x2 42
Jajee, U3 NPAMOYroJbHOTO TPEYToAbHHKA OPP nonyuaem
(OP)2 = r2 = (OP)? 4 22 = x2 -} y2 -}~ 22,

Ho stor peayanrar cosnagaer ¢ dopmyqoii (1), BbisenenHofi reoMers
poM AByMepHoro Mupa u3 Qopmyasl (1) nytem 3akaoueHuii no asa-
Jaordul
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Mble TTOBEPXHOCTHBIE CyUIeCTBa MOTJH Obl IOCTPOHTL TPEX-
MEpDHYIO eBKJHAOBY TeOMEeTpHIO, NMpHueM C TaKOH Ke TOd4-
HOCTbIO, Kak 3To cienan EBkana, Onu morau 6b roBOpHTb
0 TeOMEeTPHUYECKHX COOTHOLIeHHAX TpexMepHOH npocTpaH-
CTBEHHOH reoMeTpHH HAacTOAbKO TOUHO, 4TO MBI, CJAyllasd HX,
He mojo3peBasu Obl, YTO y HHUX JfOJHOCTBIO OTCYTCTBYET
BO3MOXHOCTb HeNOCPeICTBeHHOTO  HarJsfHO-TeoMeTpHie-
CKOTO NpPeICTaB/eHHs TPeTbero HaMepeHus.

Hecneunaancrsl no maTemaTHke #3 JByMepHOro MHDpa,
cayuiast TakWe pa3roBOpPHl CBOHX TeOMETPOB O TPETheM H3-
MepeHHH, 6e3yca0BHO cTaau 6Bl cnpalluBaTh 11X, HEJb3s JH
TIOACHHTh 3TH COOTHOIIEHHSI HalAsHO, 4TOOBl TAKUM NYTEM
naTbh BO3MOXHOCTb 6gudeTeé TpPexXMepHblil MHP Helocpel-
CTBeHHO. Ha 3T0 reoxeTpsl ABYMEPHOr0 MHpa OTBETHIH OHl
caepyromuM 06pasoM:

«Mbl He MOXeM CBA3aTbh TPeXMEDHBIl MHD HHM C KaKuMm
HenocpeACTBEHHBIM  HalrAfIHO-TEOMETPHYECKHM  IOCTpoe-
uueM. Mpbl BBIHYKIeHBl OTPaHHUIITLCST TEMH fipeJcTaBJe-
HHSIMH, KOTOpble CBSI3aHBl C aQHQAUTuUHEeCKOU reomerpuei,
a 9TH TNpencTaBJeHHd KauyeCTBeHHO OTJHYAOTCs OT 3HaAKO-
MBIX HaM reoMeTpHueckHx o6pasoB. Eciu ke, HecMoTps 11a
3TO, Mbl 3aXOTHM MNOJYYHTHL HarjIsgHOe reoMeTpHuecKoe
npencTaBliedde O TpeTbeM H3MEpeHHH, TO Y HaC He ocTa-
HeTCst HHUETO APYTOTo, Kak CyIUTb O SBJEHHAX TpexMep-
HOTO MHpa N0 HX OsymepHbim npoekyuam. Has 3tol ueau
MBIl JOJIXKHBI HPOEKTHPOBATb 3TH SIBJEHHs HAa Halll AByMep-
HbIil MHUD>».

B cayuae ecam x reomerpam AByMepIoro mupa OblIO
Obl IpenbsaBAeHO TpeGoBaHKe NIPOAEMOHCTPUDOBATH TaxMe
JIPOEKUHH, TO OHH, BO3MOXKHO, BH6paIn Obl A1 3TOH UeIH
npasuAbHble MHO202DAHHUKILL, T. €. NpaBliJbHble TeTPasip,
OKTa’np, HKocasnp, Ky6 u gonexasiap (puc. 21).

ARanuTHuecKas TreoMeTpus MO3BOJHAET JErKO NOCTPOUTh
JBYMepHble NPOeKuud 3THX MHOrorpaHHHkoB. [loayuennnie
npoekunn Hzobpaxennt Ha puc. 21. Mbl — Tpexmepible
MKHBbIE CYIECTBa — JEerko BOCHPHHUMAaeM 3TH (QHTYPH Kak
NpOCTpaHCTBeHHble Tena. B HalleM npeictaBfeHuH MBl HO-
noJiHsleM 3TH H300pa)KeHus B TpeTbeM H3MepeHH, Hampa-
BJIEHHEIM B PIYGHHY DHCYHKA, H YeTKO BHIHMM CHMMeETPHY-
HO€ CTpPOEeHHe MHOTOrpaHHMKOB. /st [BYMEpHBIX CyniecTB
yTH H300paXkeHns MeHee NOHATHBL. Jlist HUX OTpeskH mnps-
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fJ1. 1. TiPOCTPAHCTBO

MBIX JHHHII Ha H300pa)eHHsiX He AalOT Henocpe]cTBeH-
HOrO BreyaT/IeHHs O CHMMETDPHYHOM CTPOEHHH NPaBHJBHLIX
MHOrorpaHHHKoB. Bce ke HekoTopoe mnpenctaBiedue 00
3TUX IPOCTPAHCTBEHHbIX o6pasax J[ByMepHble CyLlecTBa
noJsyuar.

[Mpenbinynie MbICTeHHBIE 3KCNeDHMEHTHl Mbl BBINOJ-
HUJH C Onpeje/leHHBIM HaMepeHHeM, KoTopoe, 6e3ycsoBHO,
yXe cTano MHOHsATHbIM uuTateno. [lepefinem Ttemepp oT

Puc., 21.

BoOGpaXKaeMOro [BYMEDHOTO MHPa K HallleMy Tpexmep-
#omy mnpocrpaHcTBy. [IpuBeleHHble Bhlllle TIpefBapHTENb-
Hble 3aMedaHHus cpasy NOKa3blBaloT, KakK CAelyeT npeiupu-
HSITb NIEpPexo/] OT TpeX H3MepeHHH K ueThipeM.

M neficTBiTENBHO, HAIH MaTeMaTHKH NPH NOCTPOEHHH
YeTBIPeXMEPHOTr0 NMPOCTPAHCTBA NOCTYNUJAM B TOYHOCTH Tax
XKe, Kak reoMeTpbt BooOpa)kaemMoro IBYMEDHOTO MHpa HpH
nocTpoenun Tpexmepuoro. UernipexmepHas |eBKJIH/I0RA T€0-
MeTpus Oblsia pa3BuTa Ha OCHOBE aHasOTHII, CMBICIT . [O-
pHX siceH u3 cpaBHeduss dopmya (1) u (2) ¢ popmynamu
(1) m (2). Qs Hawero HAarJaAHO-TEOMETPHUECKOTO TIpej-
CcTaBJeHusl WICAO U3MepeHHH, paBHOe TpeM, He MOXKeT ObiTb
npensofineno. OnHaKO B aHaJAHTHYECKONl reoMeTpui, B 9TOM
apudpmeruyeckoM OTOOpaXeHHH eCTeCTBeHHOrO TeoMeTpH-
YeCKOr0 MHpa, nepexojf OT TPeX K YeThpeM H3MepeHHsIAM
coBeplUaeTcst Tak XKe JIETKO H eCTeCTBEHHO, KaK Mepexoj OT
ABYX K TpPeM H3MepeHHAM,
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B camom nese, nmo ofpasy neficTBMs reoMeTpoB IBY-
MEpPHOro MHpa Mbl MOXeM paccyXiaTh CAeAyolUM o6~
pa3omM.

B uetsipexvepHoM MHpe nosoxeHne TOuki P B UpsiMO-
YrOJbHOH CHCTeMe KOOPAHHAT NOJIKHO OIpenesaTbes «e-
ToLpbMA KOODAMHATAMH Xy, Xo, X3, X4, PaccrosHue r Mexny
HauyajsoMm KkoopmuHaT  O(xy=x3=x3=x,=0) u Toukoil
P(x, X, %3, Xx) u yron o Mexay oTpeskamn OP u
OP" [P'=P"(x], x}, X;, x})] BbiuHCARIOTCA, MO aHaTOTHH

¢ opmynamu (1), (2); (1), (2'), no dopmyaam
ri = x? 4 x5+ x4 42, (1"
COS 6 == a0y - xpxy - axg 4 Xy .@

2 '2 9 9 ,2 ,2 ,2 /2
VA1+A2+X3+X4VXI +xy x5 -xy

IMono6uo Tomy kak Ha dopmyaax (17} u (2') MoxHo mo-
CTPOUTb BCK €BK/AMJOBY TPEXMEPHYIO T€OMETPHIO, TaK H Ha
popmynax (1”7) u (2”) MOMHO NOCTPOHTb BCIO €BKAHIOBY
uerbipexMepHyio reomerpu0. He tpebyer mnosicHeHnuil, Kak
aHA/JIOTMYHBIM NYyTeM MOXKHO nepeiity K euie OoJblueMy
Uicay H3MEPeHu#l M MOCTPOHTL MsATH-, LIeCTH- U elle B6o-
Jlee MHOTOMepHBle 1POCTpaHCTBaA.

Brluncienns, neo6xoanmble aJist NOCTPOEHHst MHOTOMep-
HBIX IPOCTPAHCTB, He TPebyoT 0cob0 GOABLIHX MaTeMaTi-
yecknx sHaHu#. Has 3TOrO HOCTAaTOUHO Tex cBeNeHHi, KO-
TOpBlE CTYIEHT-MaTeMaTHK NoJaydyaer Ha MepBoM ropy oby-
YeHHsl B BBICUIEH HIKOJe,

Untatesnib cefiuac, BO3MOXHO, 3aHHTEpECYeTCs, KaKOB
¥e BHI YeTBIpeXMEPHHIX TeOMeTpPluecKHX OODBEeKTOB. XOTd
MBl He MOXEeM HarisiHo cefe MPEACTABHTL 3TH OGBEKTH,
TeM He MeHee OHH NOJHOCTBIO MOryT GbTb BHLIACHEHBI IO-
CpPencTBOM BBIYHCJEHHI,

Ws Bcero mHOrooGpasusi UeTEIpeXMEpHHIX reoMeTpHuye-
CKHX 06pa3oB BEIGepeM omATb — Ha 3TOT pas yeTbipexMmep-
Hble — NpaBH/IbHble TeMa. DTH Tena OrpaHHYedsl He IBY-
MEpDHBLIMH MJIOCKOCTAMH, & TpPexMepHbIMH Tejamu. TakuMmu
TPaHMYHBIMH TellaMH ABAAIOTCA yXe 3HaKOMble HaMm mpa-
BUJIbHBIE TETPAsAp, OKTadLp, HKOcasAp, KyO H nomekasip.
OHu orpaHHU¥BalOT HEKOTOPYIO YACThb TAUHCTBEHHOrO ue-
TBIPeXMEepPHOro MpocTpaHcTBa.
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'Jl. 1. IPOCTPAHCTBO

B uweThipexMepHOM eBKJHIOBOM IIPOCTpaHCTBE HiteeTCs
TOYHO 4lecTo NMPaBUJAbHHX Tesd, a UMeHHO CJeayioiiHe:

ITpexxne Bcero umeercs TPH Tesa, OrpaHuyeHHble 11 p a-
BHIbHBIMHU TeTpasapaMu Bo-mepsbx, npasunbHOe
TeJ0 ¢ MATbI0 IpaHHYHBIMH TeTpadnpamH; UHCJIO BepiIHH
STOrO Tesla Takxke paBHO nsith. Bo-BTOpHIX, nmeercs Teuo,
orpaHuueHHoe 16 TerpasjgpaMHM H HMeloiliee 8 BepLIHH.
Tpetbe Teno Gonee cioxHOe: OHo orpannyero 600 tetpa-
sapamu u umeer |20 BepluuH.

Manee, cyuiecTByeT ofHO yeTbipeXMepHOe Teso, OrpaHil-
yenHoe 8 TpexMepHBIMH KyOamH # uMelomee 16 Bepmnuy.
D70 Tes10 Ha3blBaeTCs YeTHpeXMepHEM KyGoM.

Tlsitoe ueThlpexMepHOe NpaBHJAbHOE TeJO OrpaHHUeHO
OKTas/[paMHi, YHCAO KOTOPBIX cocraBaser 24; uuciao
BEepLUIMH TaKxke paBHO 24,

ITocnendee, llecToe INpaBHJIbHOE YeTBIPEXMEPHOE TEJO
orpauuyeno 120 npaBHABHBIMH JOXeXKasIpamu
1 umeer 600 BepruuH.

Ecan 3anaTe Bonpoc, Kakde Har/isiiHbie NpeacTaBaeHNs
MOXKHO CBf3aTbhb C 3THMH TenaMH, TO OTBeT OYHET Takuu
XKe, Kak y reoMerpa M3 AByMepHoro mupa. Jiu6o Hapmo xo-
BOJILCTBOBATbCS TeM, YTO UYeThipeXMepHOoe NPOCTPAHCTBO
aHaJHTUYECKH HCCJefOBaHO C TakKOil e MOJHOTOH, Kak H
TpexmepHoe, JAub0 — ecsqu KeNaTelbHO Kak-To CBJAH3HTB
CBOWCTBA YETLIPEXMEPHOrO MPOCTPAHCTBA ¢ OGBIYHBIMH NpO-
CTpAHCTBEHHBIMM [IpeACTaBJCHUAMH — NpuOerHyTs K yKa-
3aHHOMY Bblle Metony npoexunil. [TocpencTBoM 1eHTpaJib-
HOll W/ mapanfenbHOl NMpoekUHH MOXHO oTOoGpasuTe ye-
ThIpeXMepHoe Teslo Ha Tpexmepxoe npoctpaHcTBo. [loay-
ueHHBE TaKum clocofoM TpexmMepHble H3oOpaxeHus GyayT
TPEXMEPHEIMH TeslaMH, NOAJAIHMHCA HarJsjHOMY BOC-
IPUATHIO.

OnunileM HeCKOJIbKO YacTHBIX C/yuaeB TaKHX INPOEKIHH
yeThIpeXMepHHX 00pa3oB Ha TpexmepHOe NpOCTPaHCTBO.

PaccMoTpuM ynoMsiHYTHIH Bblllle YeTHpPeXMepHH Ky6.
MoOXHO Har1agHO NOCTPOMTB 3TOT Ky caenywollum oGpa-
soM. HauneMm c OnHOMEPHOrO TOpPH30HTAJbLHOrO OTpe3Ka,
KOTOpBLIA npuMeM 3a eAMHMUy njauHbl. [lepeMecTuM 2710T
OTPe30K B CTOpPOHY, B TepNeHAHKY/AADHOM K HeMy Hanpa-
BJEHHH, Ha eguHuny mjuHel. [lomyuutes xBampar. 10T
KBajJpar rnepeMecTHM B BEDPTHKAJbHOM HanpasJjlieHHH ONSITh
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Ha eIuHiuy naussl. Iloayuutcs xy6, orpaHuueHHHI nep-
BOHauYaJbHBIM H NMPHNOAHATHIM KBajpaTaMH H, KpOMeE TOTO,
yeTeIpbMs GOKOBbIMI KBajapaTaMu. HakoHew, nepemecTuM
TPpexXMepHulii Ky0 Ha eJHHHUY AMUHH B HaupaBJeHHH, mep-
HEHAUKYJSPHOM K €ro HpOCTpPaHCIBY, T. €. B HallpaBJaeHUH
YeTBEPTOro u3Mepenus. B pesynabrate noAyuuTcs TeqI0,
«HUKHUM» Oasucom Kotoporo O6yner TpexMepHbil kyo0,
a «BepXHHM» 0asnHcoM — Taxkoll XKe Ky6, HO B CIABHHYTOM
nonoxenun. Kpove TOro, B KauecTBe OrpaHHUHBAIOUMX
Tea OyAyT eule WecTb APYTHX TPEXMEPHHIX KYGOB, 06paso-
BaBUIMXCS M3 MIeCTH GOKOBBIX KBaapaTOB TPeXMEpPHOro
KybGa 1npi ero napaJiieNbHOM NEpeHoce B HalpaBJeHul
YeTBEPTOro H3MepeHls.

Takum o6pa3oM, Mbl MOJYYHIH YeTbipeXMEpHBIT Ky6,
orpaHuueHHblll 8 oObluHbIMH KyGaMu W uMewouwnil 16 Bep-
UIHH, M3 KOTOPHIX 8 mNpHHAaLJeKaT «HUMHEMY» Ga3HCHOMY
KyOy, a npyrue 8 — «BepxHeMy» Ga3ucHOMY Kyby.

MoXno nonyuuTb OTUETIHBYIO KapTHHY CTPYKTypHl Ue-
TolpexMepHOro kyGa, ecaH paccMOTpeTb €ro HpOexudH Ha
TpexmepHoe npoctpanctso. Ha puc. 22 noxkasannl nepcnex-
THBHBle H300pa)keHns TpexmepHoro Kyba (cjeBa) M ueThl-
pexmepuoro xy6Ga (cmpaBa). DTH n306pakeHuss npexncra-
BJIAIOT COGOM neHTpaJbHble NpOeKLdH TpexmepHoro Kyba
Ha IBYMEpHYIO IJIOCKOCTb i YeThIPEXMepHOro kyba Ha Tpex-
MepHOe NpOCTPaHCTBO, IpHYEM B TOM H APYrOM Cjayuae
UEeHTD NPOEKUHH paclo/oXKeH BHe Kyba Ha He6OoJblIoM OT
nero paccrosuni. ITostomy B npoekuun tpexmepHoro ky6a
uzobpaxenue 60KOBOro KBajiparta, oGpallieHHOr0 K HabJio-
fartenio, NMOJAYYHIOCH GoJbllle, yeM H300pa)KeHHs OCTadb-
HHX KBaznpatoB. Tak Kak MB o6ianaem cnocoSHOCTbIO Ha-
TJISAHHOTO BOCHNDHATHSA TpeTbero H3MepeHus, TO AJAA Hac
He TpeJCTaB/sieT HHUKAaKAX TPYAHOCTEH BHIAETH NpPOEKLHIO
TPeXMEePHOro Kyba npocTpaHcTEenHo: Mbl KakK O CMOTPHM
«BHYTpb» KyGa wuepes mnepenHuii, GoJbliero pazMepa
KBazpar.

AHas0orHuHBIM  06pa3oM NOCTpoeHa npaBas NPOEKLHAS
Ha pHc. 22, T. e. TPEXMepPHOe MepPCHeKTHBHOe H306pareHne
ueTbipexMepHoro kyba. TpexMepHbIll Ky6, pacnonoXeHHbil
HanGoJlee G/M3KO K LEHTDY MePCHeKTHBb, T. e. K [1a3y
HabJjiogaTens, MOJYUHACH CaMbIM GOAbIINM, BHyTpH Hero
pacnonoxensl H306paXKeHHs OCTAJIbHBIX CEMH I'DaHWUHbBIX
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TJl. §. MPOCTPAHCTRBO

TpexMepHHX KyGos. HeGoablofi tpexmepHBIfi Ky6, pac-
MOJNIOKEHHB B CepeirHe NPOEKUHH, ABJSETCH H306paxke-
HHeM TOr0 TPaHHYHOTO TPEXMEPHOro KyGa, KOTOphifi C TOUKH
3peHnst Habjonatens pacroJIOXKEH «I03afu» uYeThlpexmep-
Horo KyGa. IllecTb mepcnekTHBHO HCKaMKeHHBIX H306pake-
HAH TpexMepHbIX KyGOB COeNMHSIOT MexIy coBoil Haubo-
anee «Bauskui» u Haunbosee «yjpajeHHBIH» TpexMmepHble
KyGbl.

®opma UpPOEKUHH UYETEIPEXMEDHOrO Tesda Ha TpexMmep-
HOoe NpOCTPAHCTBO 3aBHCHT OT BHAA NpHMEHseMOH mpoek-
MM, a TakKkKe OT TOro, ¢ KakKOro pacCTOAHHA H B KAKOM

o

I

Hanpap/eHdd INPOU3BORUTCA IHpoeKTHpoBaHue., [lokamew,
Kakyio (opmy HuMeeT Npoexkuus uYeTbIpeXMepHOro Ky6a Ha
TpeXMEpPHOe INPOCTPAaHCTBO NPH INPHMEHEHHH Napanselib-
Ho# mnpoexumnin. IlpennonoxumM, 4YTO ueThIpeXMepHHI Ky0
OCBeLiaeTCst COMHUEM YeThlPeXMepHOro NpoCTPaHCTBA H NO-
3TOMy GpocaeT TeHb Ha Halule TpeXMepHoe NPOCTPaHCTBO.
Ha puc. 23 cnpasa nzo6pakeHa mosydalomascs NpoeKiHs
AJst TOTO cayyasi, KOrla OfHa M3 JAMaroHaJseil yeTblpexmep-
HOTO Ky0a napaJJesbHa COJHEUHBIM JydyaMm H NeprneHauKy-
JsPHa K HallleMy TPeXMepPHOMY IPOCTPaHCTRY.

Kak Bblrisnut 3Ta TeHb? Byner Jerue mousath ee du-
TYypy, eCld CHaua/la paccMOTpeThb TeHb OOLIKHOBEHHOrO
TpexmepHoro Kyb6a Ha IN/J0CKOCTb, NpHYEM MPHUHATb, YTO
9TOT Ky0 HaXOMUTCSi B TAKOM K€ M0JIOXEHHH OTHOCHTEJbHO
OueHb ynaneHsHoro uentpa (ConHue), Kak paHee YeThlpex-
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§ 12. UETBIPEXMEPHASQ TEOMETPHA

mepubit Ky6. Takas nsockasi npoekutst OObBIKHOBEHHOTO
TpexmepHoro Ky6a usobGpaxeHa Ha puc. 23 caesa. Ha nep-
Bl B3r/sia nNoJyueHHoe u3ofpaxenie npeacTaBiaser Cco-
60l [ipaBUAbHBIH ILIECTHYTONbHHK, pa3jiefeHHblll ABYyMA
criocofamMu Ha Tpu pomba. OnHako Halll ryas, NpPUBBIYHBIL
K BOCNPUATHIO TPETbero M3aMepeHus (B JaHHOM cJayuae
HanpaBJeHHOro B TrAyOWHY pucyHka), 6e3 TpydAa BOCHpH-
HEMaeT 3T0 H300pa)KeHHe KaK NpOCTpalCTBEHHOE B BHAR
TpexmepHoro Ky6a, OrpaHiueHHOTO LIeCTbIO KBaApaTaMH.

Puc. 23.

Mz 8 Bepmnn KyOa JABe COBINAxalwT B UeHTPaIbHOH TOUKe
npoeknud. OTpe30oK, COeAMHAWHHN 3TH QuaMeTpasbHO
POTHBOMOJIOXHBE BepliHbl, MNeprneHjuKyasped K I.10-
CKOCTH DHCYHKa.

AnasoruuHbiM o6pas3om chaeiyeT I[OHHMAaTh U IIPaByio
yacTh puc. 23, npeacraBasiomyo cofoil NapanjaenbHYIO
NPOEKUHIO YeThipeXMepHOro kyba. dta TpexmepHas NPOEK-
uist orpanuuena 12 KoHPpYSHTHHMH pombami, npuyeM
KOCHHYC MeHbIIero M3 YIJOB Kamjaoro pomba paeeH Ya.
Usicno Bepiuy paBHO 14. DTU TOUKY fBISIOTCA NPOEKLHA-
MH 16 BepuinH uyeThlpexMepHoro KyGa. [Be HepocTamomue
BeplMHbi COBNAAalOT C UEHTPaJbHOH TOUKOIl NpOeKUHH
(Tak xe, Kax 3T0 OBLJIO Il Ha JEBOM PHCYHKE).

[lonyyeHHas TpexMepHas NPOEKUHS UYeTbipeXMepHOro
kyba npexpctasasieT coboil Tak HasblBaeMmbli pomOopone-
Kas3ap. OH COCTOHT W3 YETHIPeX KOHIPYSHTHBIX KOCOYTOJb-
HBIX mapaJfesennnenor. "azbueHne pombojozexasipa HA
napaJsJjefenHnelbl MOXHO OCYmecTBUTh J[ABYMsA pas/ud-
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TJ. 1. ITPOCTPAHCTBO

HBIMH crocobami; Aas 3TOro I0CTATOYHO H3 BOCBMH pebep,
BHIXOAAUIHX 3 UEHTPaJbHOll TOuKi [pOeKiluH, BHOGpaTh
TY HJIA HHYI0 NOAXOAILYIO 4eTBepKy (aHajoTHYIIO0 TOMY
KaK 3TO MOXHO OBLIO cienaTh 0pii pa3GlleHHH NJA0OCKOH
NpoeKUNH TpexmMepHoro Kyba, T. €. NPaBHJAbHOTO HIECTH-
VIOJIbHHKA, Ha Tpu pomba). DTH KOCOYIOJbHEIE MapaJ.ae-
Jenunensl NpencTaBIsioT cobBOf NPOeKUUH TPeXMepHHX Ky-
60B, OrpaHHUMBAIOIIUX UYETbIPEXMEPHBIH KYO, 1 3amosHdI0T
pomGononexasap ABaxAbl. X uicio paBHO BOCHMH.

He aumine ynmoMsinyTs, 4TO NpHpoia npou3BOIHT TaKie
pomGononexasapel B BHAE KPHCTAMIOB MlHepaJa rpanata.
CaenoBaTeibHO, KPHCTaldaAbl rpaHaTa MOXKHO paccMartpH-
BaTh KaK TeHb 4YeThIpeXMepHoro Ky6a Ha Halll TpexMepHbifl
MHP.

Mpl yXe mofuepKHy./l, 4TO 113YueHie YeTBEPTOrO H3Me-
peHHs HeJb3s paccMaTPUBaTh TOJIbKO KaK MaTeMaTHuecKHH
Kypbes. UeThipexmMepHOe INPOCTPAHCTBO I[OJYUHJIO HEOXKII-
JaHHOe W npuTOoM (yHHaMeHTaJbHOEe AJS COBPEMEHHOrO
(U3HYECKOTrO HCC/Ie10BaHAA 3HAUeHHE B TEOPHH OTHOCH-
TeJbHOCTH,

Hpyrie MHOroMepHble reoMeTpPUH, NpiyeM ¢ ere 6oJib-
WM 4UC/IOM HM3MEDeHHH, TaKXKe HalUlIl B HallleM cToje-
THH WHPOKOE NpHMeHeHHe. DTO OTHOCHTCH AaXe K BRejeH-
HeiM  I'mabBeproM  mpocTpaHcTBaM ¢ 6E€CKOHEUHB M
YHCJOM H3MeDeHHH. DTH NPOCTPAHCTBA, HMEOLe UPEe3Bhi-
uailHo OosbplIOe 3HaueHHe aas% MHOTHX MaTeMaTHUECKHX
npobaem, HIPalOT BaXKHYIO POJb TaKiKe B COBpPEMEHHOI
TeopeTHyeckoit usiike. B uactHocTH, THaBGepTOBO NpO-
CTPAHCTBO ¢ GECKOHEYHBIM 4IICJAOM H3MEepeHHH Hamao Gie-
CTAIee NpUMEHeHHe B KBAHTOROM aMexaHiKe.

§ 13. Koneunsie npocrpascrsa

Coraaciio eBKJIHJI0BON TEOPHH NPOCTPAHCTBA Tpexmep-
HOE MHpPOBOE NPOCTPAHCTBO 6e3rpaHiyHO U ero npora-
menve GeckoneuHo. [lepeoe M3 VKasaHHBIX CBONCTB
HMEeT TOHOJOTHUECKHH XapaxTep. OHo BbIpaxkaer co6oli,
YTO NPOCTPAHCTBO HHM B KaKOM HaNpapJeHlit He HMeeT rpa-
Hull. Bropoe csofictBo mmeer merpuueckuil xapaktep. Ono
NOKa3biBAeT, UToO B J1I060M Hampap.ieHHH NMPOCTPAHCTBA MO-
HKHO MepeMemiaThCs CK0Ab Y200iid 0aaexo.
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§ 13. KOHEUHBIE MMPOCTPAHCTBA

O6a 31n cBoiictBa OTHIOAbL He TpelyioT, 4TOGBl Mpo-
CTPAHCTBO COOTBETCTBOBAJO HalllMM MNpPHUBLIUHBIM, eCTe-
CTBeHHBIM npenctabienusiv. B § 7 ra. [ ¢ nomompio puc. 5
H 6 Mol u3o6pa3uan IByMepHBI MHp, H3OMOp(HHIH C eB-
KAHIO0BOH IVIOCKOCTLIO M AIBAAIOIHMNCA MO3TOMY HeorpaHil-
yeHHBIM ¥ OeckoHeuHbiM, IlpaBna, 3TOT MuHp, COrJiacHO
eBKJIMIOBOMY INpeICTaBACHUIO, sBJAETCH OTpaHHUeHHON H
KOHEeuHOHl 4acTblo «eCTeCTBeHHOH» eBKJIHIOBOH MJIOCKOCTH,
TaK Kax OH 3akJ/ioueH BHYTpH Kpyra K KoHeuHoro panuyca.
Tak o6crout nmeno ¢ Hame#l Touku spenus. OnHako, pac-
CtMaTpuBas 3T0T K-MHp, Mbl JOJHB HCXOHHTb M3 TIpeacTa-
BJeHHH XKUBYmMYUX B HeM BooOpaxaeMmblX cymecTB. g Hux
3TOT MU He KOHeueH, TaK KaK BCJELCTBHE INpennoJoxe-
HHSl O CXaTHH MX MacmTaboB paccTosiHue oT (GhUKCHPOBaH-
Holt Toukn O 1o noaBHKHON TOuku P Gymer HeorpaHHyeH-
HO paCTH 110 Mepe npuOauMennss Toukn P K nepubepnu
kpyra K. CnejoBaTenbHO, Ta OKPYXKHOCTb NpejcTaBlsieT
coboit B mupe K «DecKOHeUHO yaajeHHYIO» JHHHIO, KOTO-
Py MHHHMATIOpHBIE CYyI[eCTBAa HUKOTZA HE MOTLYT J[OCTHI-
HyTb. Takum o6pa3oMm, ¢ HX TOUKH 3peHHst HeorpaHHueH-
HbIH Mip K 6eCKOHEUHO BeJIHK.

OTHM CBOHCTBOM of/JanaeT TaKkMXe HEeBKJHAOBO Mpo-
cTtpadcTBo bofisu n JloGauesckoro., Bee T0, utOo 6BHLIO
ckasado o6 eBkAupoBoM MHpe K, nefiCTBHTeNbHO TaKXKe
ISl HeeBKJIMIOBOH IIOCKOCTH, NPEACTaBJAseMON MOJeJabIo
Ilyankape. AHanoruuHbiM 06pa3oM OGCTOMT J1eJIO H C KOJib-
LUEeBbIM TPOCTPAHCTBOM, paccMOTpeHHBIM B § 5 ra. 1, onsATs,
KOHEUHO, C TOUKH 3DEHHA XKHUTesnefl 3TOr0 MHPa H € YUeToM
saMeuaHuli, crenaHHbiXx Ha ctp. 38.

OtcyTcTBHE KaknX Obl TO HH GbLIO epatuy y HNPOCTpaH-
CTBa ABJsETC GyHAaMeHTabHBLIM MpPENNONONKEeHHeM IS
NoHATHs s000ro mpocTpaHcTBa. Bospaxkenuwe, uto TnpH
NPOJABHXKEHHH B NPOCTPAHCTBE MBI MOMEM HATOJKHYTHCA
Ha «CTeHy», uepes KOTOPYyIo JAaJibllie Hesb3st NPOHHKHYTS,
N0MKHO OBITh OTKAOHEeHO. CilenoBaTefbHO, Mb Tpebyem,
yTo6bl KaX(Has TOYKa NPOCTPAHCTBA HMeJa NOAHYK MpO-
CTPOHCTBEHHYIO OKPeCTHOCTb ). Y TOUKM CTEHH HJAH Ipa-
HHIBL NPOCTPAHCTBA TAKOH OKPECTHOCTH HE MOMeT OblTh.

') B maTemaTHKe 3T0 CBOHCTBO BLPaXaeTca C/OBAMH: NpOCTPaH-
CTBO OTKpbITO,
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rJ1. 1. TTPOCTPAHCTBO

C apyrofl CTOPOHBI, «HEOTpaHHUEHHOCTbY MPOCTPAHCTBA
He HCK/II0YaeT BO3MOMXHOCTH TOTO, YTO OHO MOXeT OhiTb
koneuntim. Takne KOHeuHble, HO HeOrpaHHUEHHBIE ONHO- U
JIBYyMEpHble NMpOCTPaHCTBA HaM 3HaKOMBl W3 Haluero G-
Mallulero sMNMpHYECKOro oOkpyxeHusi. I[lpumepom npo-
CTpaHCTBA MEpPBOr0 BHAA MOXKeT CJAYXKUTh NOJHAs OKpYXK-
HOCTb, NMPHMEpOM MHPOCTPAHCTBA BTOPOr0 BHIA4 —— MOBEpPX-
HOCTb 3eMHOro mapa. B caMoM nefle, 572 NOBepXHOCTb He
HMeeT HMKaKHX TIpaHun HAH «DOeperoB», HO IpOTsSKeHye
ee KoHeuHoe. Paccrosrine MexXJy ABYMS TOYKaMi (BJOJb

Puc. 24.

3eMHO{ NOBEPXHOCTH) caroe OoJsblllee paBHO I0JOBHHE
IJIHHBL 3KBaTtopa, T. e. okono 20000 xm. Auajioruunoe no-
JIOXKeHNe HMeeT MeCTO H I/ NMOBepXHOCTH KoJibila, H3oGpa«
JKeHHOTO Ha pHC. 24. DTO AByMepHOe MHpOCTpaHCcTBO (Imo-
BEDXHOCTb) TaKXe He HMeeT HHKaKHX IpaHull, ONHAKO OHO
KOHEUHO, B ueM Jerko yOeIHTbCsl, eC/AH H3MepHTh IJIHHY
nyTedl Ha 3TOH MOBEPXHOCTH NMpPH MOMOIUM Maciitaba oKpy-
JKaWLero TpeXMepHOTro eBKANA0BA MPOCTPAHCTBRA, T. €. TaK,
KakK 3TO [e/aeTcss B TayccOBOH TeOpHM MOBepXHOCTEH.
Tpyzanee npeicraButh cefe TpexMepHoe HeorpaHHueH-
Hoe, HO KoHeuHoe npocTpaHcTBO. OnHako, NpHUMeHsia aHa-
NUTHYeCKHH cnoco6, pasbsicHeHHblt B § 12 ra. I, MoxHO
CTPOMTHL TakHe TpexMmepable npocTpaHcTtsa. [lomobuo tomy
KaK ITOBePXHOCTb TpexMepHoro Xyfa WJM llapa B HBYX H3-
MEpeHHAX HEeOTPaHHUeHa, HO KOHeuHa, TaK H TpexMepHhie
rela, OrpaHHuYMBalOIIMe YeTbipeXMepHHIH Ky6 wuau 1wap,
Taxk»e HeorpaHHYCHBI, HO KOHeuHbl. Tak Kak Mbi He obna-
1aeM CrnocoGHOCTbIO HENOCPEACTBeHHOTO BOCHDHATHA yer-
BEpTOT0 H3MepeHHs, TO TaKHe INOCTPOeHHs ocTarTcs JIo-
BOJIbHO abcrpakTHbIMU., Bce e cymiecTByer BO3MOXHOCTb
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§ 3. KOHEUHBIE NPOCTPAHCTBA

naTb GoJiee uar/siiHOe I[OSICHEHHe, OCTaBasiCb NPH 3TOM
B paMKax OOBIUHBIX TPEXMEpDHBIX TeoMeTpHUecKdx Mo-
CTpOeHH,

HOnsi toro 4ro6bl HOATOTOBHTBCS K ITOMY MOSICHEHHIO,
BepHeMCA ellle pa3 K YNOMHHaBlefics BBIE KOJbileBOH
MOBEPXHOCTH, KOTODYIO MOXKHO paccMaTpHBaTh Kak IBY-
MepHoe npocTpancTBo. Boobpazum, uto Ha 3TOH noBepx-
HOCTH XKHUBYT CyHiecTBa, He o6Jajnawlide CcnocoGHOCTHIO
NnpejCcTaBAeHHsT O TpeTbeM H3MepeHHH., DTH CyUiecTBa, CO-
BEDIINB <«KPYTOCBeTHOE MNyTellecTBHe» [0  3aMKHYTHIM
TPaekToOpHAM (MepuauaHasM) & # B, NpHAYyT K BHBOLY, YTO

0 8 0
[+4 oL
% 0 ] 0
Puc. 25 Puc. 26.

UX IBYMepHOe NpPOCTPAHCTBO «ra06a/lbHO» 3aMKHYTO, T. €,
X MHD HeOTrpaHHYeH, HO KOHeueH.

TonoJsornueckyto CTpyKTYypy Takoil KoJblleBOH noBepx-
HOCTH MBI MOXeM OOBSCHUTb cefe caepywoiiuM 06pasoM.
Pacceuem mnoBepXHOCTb BIOJbL MepHAHaHAa o ¥ pasorHem
KOJIbLO Tak, utoln 06a Kpas ceueHus pasoluaucs. Torpa
H3 Haled KoJbleBOH IOBEPXHOCTH MBI IMOJYUYHM LHJIHH-
IpHUECKYIO TOBEDXHOCTDb, [IOKa3aHHYI0 Ha pHc. 25.

Tenepr MepupHan § ecTb He uTO HHOe Kak OGpasywo-
nlass 6OKOBOW NOBEPXHOCTH HWAHHApa. Ecau mMpl cpenaeM
ellie ONMH paspe3, Ha 3TOT pa3 — GOKOBOH NOBePXHOCTH
LHJIKHADA BHObL P, TO CcyseeMm pa3BepHyTb e€e B ILIO-
cKocTb. Passeprka OyneT HMeTb BHI TpPAMOYFOJbHMKA,
OrpaHHYEHHOr0 ABYMs CTOPOHAMH o0 ¥ ABYMSI CTODOHAMH B
(puc. 26). Ecau mb BHOBbL coepuHuM o6a xpas a u o00a
Kpast P, TO nNpPAMOYroJbHHK HpHMeET IepBOHAUYaAbHYIO
KosibLeo6pasHyio $opmy.

Takoe ciinBanWe pasBepTKH KOJBLUEBOH NOBEpPXHOCTH
MOXHO HPENCTaBUTL cefe TaKiKe MHaye, a HMEHHO B BHIE
CJIeYIOIIero MbC/CHHOr0 9KCHePHMeHTa,
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T 1. [IPOCTPAHCTBO

Iyctb Ha pue. 27 npasoyroabHuk AgBoBiA; osHauaer
nos KoMHaTbl. 1 uAy 00 KOMHaTe, HauMHas OT TOUKH Py
crennl AgA,, no Tex mop, NOKa He AOCTHrald MPOTHBOIO-
JIOXHOH cTeHbl B Touxe P,. Ilpeanonoxum, 4ro H3 TOU-
Kn P, BuiHa psajpom pacnosnoxeHuas xomHata BoCyCiB;,
KOTOpas BO BCeX OTHOILIeHUAX — il0 BejHuliHe, no dopwme,
no MmeGAHPOBKe — COBEpUIEHHO OJHHAKOBa ¢ MNepBOfl Kom-
natofi. Takoe mnoJHoe coBNaneHWe MeHs cHadasa nopa-
3MT, HO 3aTeM Y MeHS BO3HHKHET MbIC/Ab: MOXeT OhiTh,

I, Dy
/4} ‘Qy Br C',
e,
RS ;
_ Y
) @ B, Ca
Puc 27

A OpuInes He B HOBYI0 KOMHAaTy, a BEePHYACH K IepBodl
KOMHaTe «C JPYyrod CTOpPOHBI», «c3anu». CreloBarednHo,
A clesa] NOJAHBIH 060POT 1O 3aMKHYTOH MOBEPXHOCTH, Ha
KOTODPO#H cTteHa BeB; B HefCTBUTENbHEOCTH COBNajaeT co cTe-
nofl ApAs. Taxoe wmoe mnpejcTaBJeHHE VKPenuTcs, ecau
€ aHaJIOTHYHBIM OOGCTOATE/NbCTBOM 51 BCTPeuyCb MHPH MNepe-
X0Je uepe3 KOMHATy B MonepeuHoM HanpabaeHun. §I Boi-
XOXY H3 TOuKH Qo H, HOCTHIHYB [IPOTHBONOJOMXHON CTeHH
ABy B Touke Q, onfAThb BUKY Hepen cololi TOXKIeCTBEH-
Hyo komHaty A,;B1D.D;. {1 onaTb NpHUX0OXKY K BHIBOLY, UTO
ofolles «BOKPYr» IMpPAMOYrOJbHUKA, H INO3TOMY OTOXKIe-
cTBAsAI0 cTopony AgBy co ctoponoit 4B,.

Crenap takoe HaGJoneHHe, 51 NPUXOXKY K BHIBOLY, 4TO
«B NEHCTBHTENbHOCTH» XMBY Ha KOJbLEBOH, He OrpaHHYeH-
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§ 13. KOIIEUHBIE [TPOCTPAIICTBA

HOM, HO KOHeUHOH NOBEPXHOCTH noJa, HMelollefl B KauecTBe
«MepuanaHos» auHuH a=A,A,=B,B, u p=A.By=A,B.

Takoit MblCTeHHBIH 9KCepHMEHT MOXKHO NPOBECTH aHa-
JOrM4YHBIM 00pa3oM M Tak e HarlsiHo B Tpex usaMepe-
niax, CnejoBaTesbHO, Ha 3TOT pa3 Mbl He GyneMm orpaH-
YUHBATLCA IBYMEDHBIM IMOJOM KOMHATbl, a pPaccMOTPHM BCe
TPH l13MepeHist KOMHaTH Ry ¢ Bocembio Bepiuuaamu Ay, Ay,
By, By, Cy, Co, Dy, Dy (puc. 28).

[ D,
6 s
Ay 8,
Ap 58,
Puc. 28,

I nepexmuratoch 1o KoMHate Ry ot crennl ApA,C,Cy no
npoTUBONONOXHON cTensl BoB(DDy, x KoTOPOH nycTb npu-
MBIKaeT BTOpasg KOMHaTa R;, [0JHOCTBIO COBHNajawllas
c nepsofl. d oTOXKIECTBAAI KOMHaTH R; H Ry. Ecan a no-
BTOPIO 3TOT ONBIT, HO Ha 3T0T pa3 Iepeceky KOoMHaTy Ry
ot ctennl AgBiDyCy ¥ crene A;ByDiCi, T0 OTOXKIECTBJII
KOMHaTy R,, Jexamyio 3a credoii A,8,D,C,, ¢ KoMmHa-
Tolt Ro. Hakouen, ecin a noguuMych U3 KOMHAThl Ry uepes
ee MOTOJIOK B PACHOJI0XMEHHYIO Bblllle KOMHATY R3 BO BCeX
OTHOLIEHUSIX COBNANAMMyI0 ¢ Ry, TO A OTOXKIECTBIIO KOM-
Hatel Rs u Ry.

DTO OTOXKIeCTB/EHHE, <«COENMHSIONIEE» POTHBOJEKA-
li¥e CTeHb KOMHaTHl R, HOmapHO oXHa ¢ APYrofi ¥ cooT-
BETCTBEHHO TMOJ C TOTOJKOM, IpeBpallaeT KomHaty R,
B «rjo0ajbHO» 3aMKHYTOe, T. €. HeorpaHHueHHOe, HO KO-
HeuHOe TpeXMepHOe MpPOCTPaHCTRO.



FTABA 11

Bpemsa

§ 1. dusnyeckue coluitha. Ux Mecto n Bpemsd

PaccymoTpiym  kKaxoe-aufyap npoctoe  (pi3liueckoe
sBJ1eHHe, HanpHmep IBHKeHHe OpomieHnHoro kamus. Ilpe-
’Kjie BCero IrepeJl HaMH BO3HHKaeT reoMeTpuyeckas 3a-
laua: Kakofl BHI MMeeT TpaeKTOPHA KaMH#, T. e. FeoMeT-
puueckoe MeCTO TOUYEeK, uyepe3 KOTOpble KaMeHb NPOXOIUT
NpH CBOeM JBRHKEHHH?

TpaexTtopue#t 6ymetr mapabosa. OHa MOXeT ObiTb ornpe-
nefeHa JH60 3IMNHPHUECKH — NOCPELCTBOM MPSMOr0 Ha-
6moneHus, 1ubo TeopeTHueckH. B mocaenHem cJyuae cHa-
yasna onpenelseTcsi Hamnpap/eHWe M BeJHYHHA HauyaJbHOMH
CKOPOCTH, a 3aTeM, Ha OCHOBaHHH 3aKOHOB MeXaHHKH H
reoMeTpHH, BEIBOIHTCS ypaBHEHHE TPAeKTOPHH.

OnHako nABHKeHHe OpOLIEHHOTO KaMHf HIHM ero upo-
CTOE MaJieHhe HHTePeCHO TaKXKe B APYTOM OTHOLIEHHH. ¥Y¥Ke
Faanneo N'annaneit (1564—1642), xorpa on HccsaenoBan
cBOHCTBAa [BMKEHMI, He OrpaHHuuMBajCca olpeneseHHeM
TONBKO [IPOCTPaHCTBEHHOH KapTHHBI 3Toro sBJeHus. OH
nocTaBuJ nepejx coboit rakxe 3ajauy HalTH 3aKOHBI, yCTa-
HaBJHBAIOIIHe 3aBHCHMOCTb HBHXKEHHUS OT BpeMeHH, T. e,
3aKOHBI, MO3BOJISIOMIHE ONpele/HTb Te TOYKH NpOCTpaH-
CTBa, KOTOPBIE NOCTHraloTCsA KaMHEM B IOCJeNOBaTedbHLIe
MOMEHTBI BpeMeHH.

Takum oGpaszom, (H3HKa yXMe C CaMOro CBOEro 3apo-
®IeHUA ponogHser reomerpuio. OHa CBA3bIBaeT OTHeNbHBEE
SIBIEHHST C MECTOM M BpemMexem, T. €, C TeMH AByMs KaTe-
ropusami, xotopele Kaut B cpoeil «Kpntuxe uucroro pa-
ayMa» CuiiTaj TJaBHHIMH KaTeropHAMM MbICJAeHHOH Kap-
THHBl MHpa.
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§ 1. ®H3IUECKHE COBDLITHS. MX MECTO W BPEMg

PaccmoTrpun ¢ 2Toff TOUKHM 3peHHs moipodHee KaKoe-
Hibynb (Gu3nueckoe sBJEHHe, BOCIpDUHMMaeMoe HaMH
«3JleCb H Ternepb».

B npocTpaHCTBeHHOM OTHOLIEHHH Takoe SIBJeHHe Npo-
HCXONUT B OMNpeneseHHOM MecTe (Touke) P Haiero BHIH-
MOTO NpPOCTPAHCTBA,

B mnepro#l rnaBe MB BBIACHHAM, 4TO 3Ty OnAHKalIYIO
NPOCTPAHCTBEHHYI0 OKPEeCTHOCTh CJefyeT MOHHMaTb CHa-
yajga Kak uacTh 6oJiee LIHPOKOro NpocTpaHCTBa, a 3aTeM
KaK 4aCTb «rio6ajibHOro» MHPOBOTO MPOCTpaHCTRA.

Hasee, tam e Mbl NOKasa/u, 4TO Takoe «NpOCTpaH-
CTBO» MOJKHO TOJKOBaThb pa3/MuHBIME cnoco6amu, Mol nc-
caenoBany npobsemy npocTpaHcTBa Kak C 3MNHpPHUECKOId,
TaK W C JIOTHUECKOH TOUKH 3peHHs. JIornueckuil reomerpli-
YyeCcKHH aHaJi3 NOCTENeHHO OCBOOOAH/A MOHATHE NpPOCTpaH-
cTBa OT ero nepBOHauyaAbHOrO BHAA H OT COOTBETCTBYIO-
X <«CCTECTBEHHBIX» INpeicTaBJeHuH. Mbl BHEEH, 410
B MareMaTHYecKOH TeOpHHM NpOCTpaHCTBa Noc/aenHee pac-
cmatphBaetcs no [uabbepty (cTp. 61) Kaxk cHcTeMa HeEKO-
TOPHIX OOBEKTOB M OTHOLNEHHH («TOUEK» W T. A.), NpHUEM
Joruyeckas CTIpyKTypa 35TOH cHCTeMBl OmpejessieTcst HEKO-
TOPBIM UHMCJOM OCHOBHBIX NoOJIoXKeHuit (axcuom). Taxas
a6cTpakTHas cucteMa (HanmpuMep, yueHue EBxauna) nomy-
CKaeT pasJHyHble TOJNKOBaHHs, [Ipy 3THX TOJKOBaHHAX
reoMeTpHuecKas CTPYKTypa NpeiCTaBJseTCss PasJuduHbiMI
HarAsapHEIMH MOJG/ISMH B BHAE «H300pakeHHH», KOTOpLIe
BCce H30MOpdpHE MexAy cobofl. B koHeuHom cuere HauaJb-
Has CTajHs HCCAeNOBAaHHS AIMAUPUUECKO20, WIH Qu3uye-
€K020, pOCTpaHcTBa NpencTasiaser co60fl He Y4TO HHOe, KaK
BO3MOXHOCTb 0COG0Or0 reoMeTpHUecKoro TONKOBaHUs Cpeau
MHOXecTBa OOJbIIOrO uHcJa APYTHX H30MOP(HBIX «H30-
6paxeHnin.

VIMEHHO ¢ 3THM IMuUpUHECKUM RPOCTPAHCTEOM HMEeT
nes0 (H3NYECKOe HCC/AefOBaHHe NpH OPOCTPAHCTBEHHOM
onucanuu apaenuit. OHHAKO NpPH Nepexone OT FeOMeTPHH
K (H3HKe TOABAAKTCA KaK COBEPUIEHHO HOBHlE OOGCTOS-
TeNLCTBa 8peMs H H3MeHseMOCTb fBJAeHHH BO BpemeHH.
B reomerpun st oO6cTOsiTeNbCTBa GBI KaTEropHUYECKU
abcTpardpoBanel. B camom pese, Mbl OnpeiesHsiH 3MIH-
pHYEeCKYI0 TeOMeTPHIO KaK YueHHe O MNpOCTPaHCTBEHHBIX
ABJICHHAX, He 3aBHCALNUX OT BPEMEHH, T. €, HHBAPHAHTHBIX
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TJI. 1. BPEMSA

OTHOCHTENBHO BpeMeHU. BBejeHue Bpemens, a Takxe HOHS-
THSI ABHUXKEHHMS M TMOKOS BHOCHT B TEOPHIO NPOCTPaHCTBA
HOBBIE€ aCIeKThl, KOTOpble B nepBOil IaBe KHHIH He Obiiil
3aTPOHYTHL.

[Ipo6aemy npocTpaHCTBA-BpeMEHH H MPHMDLIKAIOLIHE
K Hell BONMpPOCH KuHemaTuxku (yueHue O ABHKEHHH Tea) MBI
paccMOTpUM B TpeTbell rylaBe KHHTH, HaCTOSLIYIO XKe [JaBy
MOCBATHM NOATOTOBHTENBHOMY aHa/iu3y MOHATHA SPeMeHU.

§ 2. AGcoaoTHOe Bpems

[IpencraBum cebe caenywomyio curyaunto. A eay
B noesne. [locne nmpubEITHA noesjga Ha ctaHuuiwo A; B Ba-
rod BXoaHT naccaxup. Ha caenywomeit cradumn A, oH
BCTaeT W TNOKHAaeT noe3n. DTH ABa coOBITHA: BXOJL IHac-
caxlipa B BaroH (cofwiTHe E;) W ero BbIXoj H3 BaroHa
(coteitne E,), paccmatpuBaeMble B cHcreMe otcuera K,
CBSI3aHHOH C Moes/oM, NPOHCXOAAT 8 OOHOM U TOM Jie
mecre, OpHaKo OTHOCHTENbHO MPOCTPAHCTBEHHOH CHCTEMBE
otcyeta K, CBSI3aHHOW C XKeJe3HOLOPOXKHBIM TOJOTHOM, 3TH
co6bITHA YKa3aHHBIM CBOHCTBOM He 06/1aaloT: OHH NPOHC-
XONAT B JBYX pasinyHBIX TOYKax cHcTeMbl K: mepBoe —
B A, BTopoe — B As.

CnenoBaTte/ibHO, NPOCTPAHCTSEHHOE COBNaleHHe [BYX
COOBITHH eCcTb OTHOCUTEAbHOe TIOHsSITHE, 3aBHCslllee OT Mpo-
CTPAHCTBEHHOH OKpecTHOCTH (NMpPOCTpPaHCTBEHHOH CHCTEMBI
oTcueta), 113 KOTOPOH NpPOH3BOIMTCA HaOJioNeHHe sBJje-
HUi.

Cobeitia Ey n E, NpOHCXOZAT Takxe B OnpejeseHHble
MOMENTOL gpement, a uMeHHo cobuiTHe E, HacTynaer no3xke
cobeitust E;. Tax npoucxonuT B cHcreMe oTcuera K, cBs-
3aHHON ¢ noe3goM. OnHaxko, COracHoO HallleMy «ecTecTBeH-
HOMY» BOCHPHUSITHIO BpeMeHH, coGbitHe E; HacTymaeTr mosxe
cobuitua E; (u Haobopor, Ei panbme E£j) Takxe B cH-
creme orcyeta K, CBSI3aHHOW C OKPYXKaWMell MeCTHOCTBIO
H, B YaCTHOCTH, C NMOKOSAIUMCS B 3TOH MECTHOCTH KeJe3HO-
JODOXKHBIM NOJOTHOM. B 3TOM cMbic/le TIOHATHS <«II03XKe»
¥ «paHbllle» SABJAIOTCA AOCOAOTHbLIMU TIOHATHSAMH, He 3a-
BHCAINNMH OT cucrem orcuera (K, K, ...}, B KOTOphiX
NpOH3BOAHUTCS HabaroneHle BpeMeHH,
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§ 2. ABCOJTIOTHOE BPEM4

AnasoruunbiM o0pa3oM OGCTOHT €0 H C NOHATHEM
«OAHOBpeMeHIlocTH», [Ba coObiTHs, NPOUCXOIAIINE OIHO-
BpeMEHHO B noe3je, OJHOBPEMEHHBl TaK:XKe B CHCTEMe OT-
cyeTa, CBA3AHHOH C XeNe3HONOPOXKHBIM IOJAOTHOM, M NpH-
TOM He3aBHUCHMO OT TOrO, NMPOHUCXOJAAT JAH OHH B OJHOM H
TOM e MecTe WM B Pa3JUyHbIX MecTaX NpOCTPaHCTBEH-
Heix cuctem K n K.

Takoe «ecrecTBeHHOe» MNOHHMMaHHe IIOHSTHA BpeMeHH
6bl10 TIPUHATO B KJjaccuueckoil tusuxe. CorgacHo 3toMy
TIOHHMaHHIO, [0C/eJOBaTeNbilocTs COOBITHA BO BpeMeHH
(«oqHOBpeMEHHO», «paHblle», «I03XKe») paccMaTpHBaeTcs
KakK HeuTO HelOCpeJCTBeHHO, anpuHopH naHHoe. B stom co-
CTOHT CMBICJ BHIpaKeHHs: «Bpems abcoglorno». OHaHue-
CKast KOHLeMNIHA YHHMBEpPCaabHOTO abCOMIOTHOrO BpeMeHH
BO3HHK/MAa B pe3yabTaTe CTPeMJIEHHS [OCTYyJupOBaTh IMPHU-
MEHHMOCTb Halllelr0 «EeCcTeCTBEHHOTO BOCNPHATHS BpeMeHH»
K TOMYy (H3HYECKOMY €IHHCTBY, KOTOPOe NpeicTaBjseT co-
60l ¢uanueckyo rnofanbHy KapTHHY Mupa». «CobblTHe»
MBI BOCNpHHMMaeM Kak IOCJAej0BaTe.IbHOCTb HPOCTpaH-
CTBEHHBIX «TOYeK» H CONOCTaBJEHHYIO ell NocsegoBaTe/ib-
HOCThL BpeMeHHBIX «MOMEeHTOB». TeueHue BpemeHu onpeue-
JseT TOHATHE «Telepb», T. e. TO MOHATHe, KoTopoe pasje-
Jger Hallll Npollabie TepeXHBauusas oT O6yAYIUHX, noao6HO
TOMY KaK HexoTopas Touka O npsaMoil AesuT NoCJeIHIONn
Ha JiBa Pa3JIHUNBEIX MHOXKECTBA — HA <«IeBYIO» H Ha «Ipa-
ByiOo» noaynpsambie. CneoBaTesbHO, «Bpemsi», B COOTBET-
CTBHH C HaIIUM BOCHPHUATHEM, OOHOMEPHO, MO3TOMY Hallu
nepeXxnuBaHHa BO BpeMeHH MOTYT OHTb H306paKeHBl NO-
CPeICTBOM Aunuy (HAlpUMep, NpaMoOl) H Jexaulux Ha
9TON JIMHHH TOUek.

OnHako TeueHHe BpeMeHH lMeeT OAHO BaXKHOE OMoJ-
HHTeIbHOE CBOHCTBO. A HMEHHO Ha reoMeTpHueckoll mnpsa-
MOJ NOHATHA «CJeBa» Ui «CIpaBa» He HMelT alCoJlTHOLO
3HAYCHHA; HX MOXHO NepeMeHHTb MecTaMH, U Takas nepe-
MeHa He OyjeT BAMATb HA TONOJIOTMUecKHe CBOIiCTBa mp#-
Moli (B HaHHOM Cjayyae — Ha cBOHcTBa nopsika). YHaue
o0CTOUT HeNo co BpeMeHeM. MomeHTH Bpemenu pacrosa-
rawTcsl B €CTeCTBEHHOM MNOpsAKe, OT NpOLLIOTO X Oyny-
mwevy. CieloBaTenbHO, napa TouYek, oGpasyemas ABYMSA
MOMEHTaMH BPeMeHH («OTPe30K BpeMeHH»), HMeeT Xapak-
Tep BEKTOpa, ero HallpaBJeHHE ONpelensieTcs Haualb-
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. 1. BPEMYA

HOW # KoHeunofi Toukamu (Oosiee pannum u Goslee no3i-
HHM MOMeHTaMu BpeMenu). Taxkum of6pasom, cofbiTie
npeactasaser cobofl HanpaBheHHHH, HeoBpaTHMBIH MpO-
lecc.

Knaccuueckas ¢usixa 6e3 xaxoro 6bl To HM OBLJIO KpH-
THYECKOFO aHaausza o6obiaer CTPYKTYPY BOCIpUHHMAae-
MOro HaMi XapaKrepa TeueHHs BpeMeHM Ha Bce 1eJioe, 00-
pazyemoe ¢dusnueckumy cobutusivu. OTHenbHOe Takoe co-
6uirne Ey, Habniopaemoe, HanpuMep, B KakoM-HHOyIb Me-
cTe 3TOH KOMHATbl, AeJHT (B CMBIC/Ie TOC/Ae0BaTeNbHOCTH
BO BpeMeHH) Bce napyrue (puauueckue cobblTHA, rae Obl
OHH HH TPOMCXOJHJH, Ha TPH Kaacca: Ha coburtus E, on-
noBpeMeHHble ¢ Ey, Ha coOblts, Gonee panuue, uem FEo, 1
Ha coObiTHs, GoJiee o3nHHe, ueMm Ej.

d1o o6obuieHHe, pacliipsioniee CcYyGbeKTHBHO BOC-
npHHUMaeMoe BpeMs B YyiuBepca/jpHOe IpeJcTaBjeHHe
0 BpeMeHH, HallOMHHaeT COOTBETCTBYWOIHH npouece, Be-
oyuipfi K o6pa3oBaHHI0 NOHATHA HpOCTpaHcTBa. B 3TOM
nocae/fHeM Npoliecce HallM 3MHUpHUECKHe BOCHPHATHA
reoMeTpPHUEeCKOro XapaKrepa MNPHBOAAT OT MNOHATHA OJH-
xaliinefl npocTpaHCTBEHHOH OKPecTHOCTH K TIobaJbHOMY
eBKJANJOBY TUTOHSITHIO NpocTpaHcTBa.  «EcrecTBEHHOCTBb»
npejctaBaeHuss o6 afCcoNIOTHOM BpeMeHH TaKikKe JIerxo
OGBACHHTb, €CJAH  paccMaTpPHBaTh 3TO  IIpejcTaBJjeHHe
KaK pe3yJabTaT NPHHUHIOB, YNpaBAaslOIHX 0o6pa3oBaHueM
o6mux noHsatu# (§ 5 ra. I). Huxe ™Mbl BepHEMCA K TOMY
BOMIpOCY.

KpuTuueckoe wu3yuyenne OCHOB TeOMETPHH  [IPHUBeNO
B KOHIE KOHIOB K OTKazy OT eBKJAHIOBOIl TeOpH# mpo-
CTpaHCTBAa KaK B OTHOLUEHHH ee SMNHUPHYECKOH [oKasye-
MOCTH, TaK U B OTHOIHEHHH ee JIOTHUeCKOH eJHHCTBEHHOCTH.
[Tosinyo SICHOCTb B 3TOT BONPOC YHajJ0Ch BHECTH TOJbKO
B KoHue npounioro cronerus. Ha nowartue npocTpaHcTBa
cTajdy CMOTpeTb COBCEeM MO-HHOMY, ¢ ropazno 6osee obuieit
TOUKH 3peHHa U OoJsee abCTpakTHO, 4eM 3TO Jenanoch
paHblie. B pesynbTare eBKnumOBa TeoMeTpHs CTasta 4acT-
HbIM M npelejbHuM caydaeM G6oJaee o0O0L{NX XoHuenuHil
fpocTpaHcTBa.

HecxkosbKo mnosjaHee aHaJOTHUHBIH KPHSHC NEepPekKHI0
npexcrapiedne ob abcomoTHom Bpemenn. Kputnka 2iin-
wrefiHa 1moKa3ana, uTo IOHATHE YHHMBepCaJbHOTO BpeMeHi

H8

§ 3. NPOCTPAHCTBENIIO COBNADAIOWME COBDITIA

He ABJsIETCS eJHHCTBEHHO BO3MOMHBIM HU B 3MNHpHue-
CKOM, HHM B JIOTHuecKoM oTHouieHuH. [lousitie spemenn, no-
D0OHO MOHSITHIO «MecTa», TaKmke MOXeT OHTb peNATHBH-
3UpOBaHO. DTO 03HauaeT, YTO MNOCAENOBATENABHOCTL COOH-
it E BO BpeMeHH MOXeT OINpeNessaTbCst TOJNbKO OTHO-
CUTEAbHO 3aJaHHOM INpPOCTpPaHCTBEHHO-BpeMeHHOH  cucTe-
MBI, H3 KOTOpoil cobwiTHa Habaiopatores. CuenoBaresnb-
HO, TOC/AEHOBaTe/IbHOCTb BO BPEeMEHH 3aBHUCHT OT BHIGopa
cHCTeM KOOPAHMHAT, B YaCTHOCTH, OT <«IIOABHIKHOCTH® HJIH
«HeNONBUXHOCTH» OAHOH H3 HHX OTHOCHTENBHO IpYy-
roi.

Tonbko oTKazaBIMCb OT NOHSTHS aGCOJIOTHOrO Bpe-
MEHH H BBels «OTHOCHTe/lbHOe BpeMsi», DUHIITEHH cymes
[OCTPOHTL CBOH CHEUHAIbHYIO ¥ OGIYI0 TeopHU OTHOCH-
TeJbHOCTH, BHeCllde NepeBOPOT B NoHHMaHHe (U3HYECKOH
KapTuHbl Mupa. IlosTomy, npexkle yem HanaraTb 3TH Teo-
puH, HeoOXOAMMO AaTb fCHOe NpeicTapaeHne 00 3MIHpH-
YeCKOM M JIOTHYECKOM (yHaaMeHTaX (PH3NUECKOTro NMOHATHSA
BpEMEHH.

Jroi 3anauell cefluac Mbl M 3aifimemcsi, [Ipexne Bcero
Mbl TONBITAEMCSt DA3bsICHHTL 00uiHe OCHOBH HAIIEro ecre-
CTBEHHOTO BOCNPHATHA BpeMeHM B TOH Mepe, B Kakolt 3TO
HeoOX0ANMO /15 NMOHUMAaHHsE B03MOJCHOCTU PeJNATHBU3AIUNU
spemenn. Tonbko 3atem, B raase lII, mul nepeiizem x u3-
JIOKENHI0 TeX 0COOHX O6GCTOATENbCTB, KOTODHIMH DPYKOBOJI-
CTBOBaJICA DNHIITENH, ONpene/sis MeCTo ¥ Bpems coObITHR
OTHOCHTEJ/IbHO Pa3AHUHBIX (DH3HYECKHX NPOCTPAaHCTBEHHO-
BPEMEHHEIX CHCTEM, NBHMKYLIMXCH OJHA OTHOCHTEIBbHO ApY-
roii.

§ 3. PacnosioxkeHue BO BpeMeHn COGHLITHH, NPOHCXOASINX
B OJHOM M TOM e MecTe

Boo6pasnm, uto cobpaBuinecs B 3ToH ayauTOPHH COB-
MeCTHO HabJIOnaloT NMPOMCXOAsiHlNe 31ech CoOBITHS,

A ctyuy pykoft mo cToay. D10 ecTh (GuU3HUECKOE COBLI-
THE, KOTOpOe MBl BOCNpDHHHMAeM «3[eCb» W «Tenepb», T. 6.
B ONpejesieHHOM MecTe MPOCTPaHCTBE W B ONpejeseHHbilt
MOMEHT BpeMeHH. Jns mpocTpaHCTBEHHOH H BpemeHHOH .10-
KaJIu3allid TakKoro pona coObiTHH OTOXIECTBHM J[Ba «COB-
najaomux» cobbiTus, T. €. gBa COGLITHS, NpOHCXOAfILHE
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rJl. {1. BPEMS

OJIHOBPEMEHHO B OJHOM H TOM e MeCTe NpOCTpaHCTBa ').
[lpu 3ToM MBI 10 H3BECTHOH CTelleHH HAeaNN3npyeM KOH-
KpeTHBle CHTYaliil, COOTBETCTBYIOIiHE OTAeNbHbLIM COObI-
THSIM, jeJasi 3TO C LeJbio TOYHOro olpejle/eHns [10J0¥XKe-
Hust HabaiogaemMoro coOblTHst B NDOCTPAHCTBe M BpPEMEHH.
B03MOXHOCT, Takoro onpefeseHdst MNOJOXeHHS B ifpo-
cTpaHcTBe Gblia yKe pa3bsicHeHa B § 3 ra. 1. Heonpene-
JIEHHOe TIIOHATHe KOHKDETHOl TOUKM YTOUHSAETCA HYyTeM
nepexoja K NpeACTaBJeHHI0 HueatbHOH TOUKH. AHaJorud-
HbelM 00pa3oM, NOHATHE «Tellepb», KOTOPOEe B HalleMm nepe-
JKHBaHily BCerja CBA3aHO ¢ HeOOMbIINM HHTepBajlOM Bpe-
MEeHH («ITOPOTOBBIM HHTEpPBasnOM»), OCBOGOXKHaeTcs OT 3TOH
HeonpeneeHHOCTH INyTeM Iepexofa K MpencTaBJ/exiiio
O BNOJIHE ONpeneseHHOM MOMEHTe BpeMeHH — HAeasibHOH
BpeMeHHOH TouKe («B TOYHOCTH Temepb»). MmeHHO B Ta-
KOM CMBIC/TIE CJ/enyeT NOHHMaTh CJA0Ba O COBNAjaloliuX,
TOXJEeCTBEHHBIX COOBITHAX,

[Tocne toro Kak moHATHE «COOLITHA» YTOUHEHO yKa3aH-
HBEIM Coco60M, MOKHO pPacloJiOXHTh COOBITHS, TPOHCXOMs-
Hige B OJHOM M TOM Xe MecTe, B eCTeCTBeHHOH BpemMeHHGH
N0C/AeA0BaTeNbHOCTH, COOTBETCTBYIOLIEH HaliuM MNepexuBa-
HHSM.

A cryuy no crony, dyepez HekOTOpOe BpeMsi CTydy erie
pas no TOMY e MeECTy cTo/fa. DTH IBa coObITHS OJIHHa-
KOBbl M0 MECTY, HO pa3/HuHLl MO BpeMeHH: nepBOe IPOHU30-
IUJI0 «paHblle», yeM BTOpOe, a BTOpOe, Ha00O0pOT, «N03Ke»
1iepBoro. B Takom nopsiike cOGHITHS NPOU3OIIAH HE TOJbKO
0 MOeMY MHEHHIO, HO H II0 MHEHHIO BCeX IPHCYTCTBYIO-
wnx. TaxuMm o6pa3oM, nocJenoBaTeNbHOCTb COBHITHE BO
BPEMEHH TakKe KOHTPOJHPYeTCS «IPHHUHIOM BO3MOXHO-
CTH ONBITHOH NPOBEPKH».

OrHomweHnne BpeMeHHOH NOCNeNOBATENbHOCTH [POCTpaH-
CTBEHHO COBnajamoiliuXx cOObLITHH YIOBNETBOpSET CcJheayio-
LeMy OUeBHAHOMY NpaBHAY:

'} B cBoeft kpuTHKe BpeMeHH OJiHWITeAH oOpaTHN BHEMaune Ha
TO, 4TO HabAIO[eHHs, NPOM3BOAMMbLIE B dKCHepHMeHTa/]bhol (usuxe, s
KOHEYHOM cyeTe BCerja CBOAATCH K MOJTBEDKACHHIO TaKoro cosmaje-
uust. OGHIYHO 3TO COBNAJEHHE 3aKJIY4eTCs B CJAEAYIOLEM: yKas3aTedb
H3MepHTe/IbHOro npuGopa NPOCTPAHCTBEHHO COBMEIAeTCA ¢ onpeje-
JIeHHOH OTMeTKOH WKa/au npubopa.
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§ 3. MPOCTPAHCTBEHHO COBITAJAIOINHME COBBITHS

Ecan n3 tpex takux cobuitiii A, B, C cobbitie A npou-
soulio paHbuie cobbitist B, a cobGeitne B — panbwie C, 10
coOniTne A npousolio Takxe paHblie cobeitus C.

B Joruke u maTemaTtiKe OTHOIIEHHS TaKOro poxa Ha-
3EBalOTCA TpawauTusrumy. Ecaum ortHowenne «A wHacty-
nuno panbile B» o6osnaunts cumsosom A<B, To Tpausu-
THBHOCTb 3aNTHCBIBAETCH CJeAYIOUHM 00pason:

Ecau A<B u B<C, o takae A<LC.

OtHowenne A<B (A wactynuio paHbme B) 3KBHBa-
JIeHTHO OTHOUIEHHID «B HacTynuao nosxe A», Wau, B cHM-
BOJIMUeCKOM 3amuch, B>A1).

Ho cux nop Mbl paccMaTpHBaJH TOJbKO eCTecTBEHHOE
BpeMeHHOE paciiofoXeHne COOBITHIH, NPOUCXOAANIHX B 07-
HOM M ToM ke wmecte. OpHako 71Ba TakHX COOBITHS MOTYT
OBITb CBA3aHLI OIHO C APYTHM TakikKe IPYriM OTHOLIeHHeM,
a HUMEHHO OTHOUleHUeM NPUHUHHOCTU, T. €. OLHO H3 3TUX
COOBITHH ABJAETCH «NPHUMHON», a ApYroe — «CJeJCTBHEM».

PaccmoTpuM asst nipumMepa ciaenyioliee siBaedHe: s 6po-
cal0 KakoH-HuOYAb npeiMeT BepTHKaJbHO BBepX (colbl-
Te A); uepe3 HEKOTOpOe BpeMsi OH najaeT Hasaj Ha CBoe
nepBoHaya’ibHoe MecTo (cobmitHe B). CiegoBatesbHo, A
npousouio panbiie B (A<<B). C gpyroft CTOPOHH, cOOHI-
tHe B npuuunro oBycnosnedo cobuitiem A. Bosppaumienne
npeaMeTa Ha CBOe NepBOHauasbHoe MecTo (cofeitne B) wHe
npoHsol1o Gbl, eciu Obl eMy He npexnlliecTBoBano Gpoca-
Hie npenmera BBepX (coObitie A). Taxum o6pasoM, colbl-
Tne A saBAserTca <«OpHUHHON», a cobwitHe B — «caen-
CTBHEM>.

AnanoriuyHeiM 06pa3soM, BXOJ Kakoro-aufo Juua B 3TV
ayautopuio (cobuitne A) H ero moc/enyrouiuit BuIXox (co-
OriTHe B) npenctaBAsiioT cobof cobGbITHs, PaCo/OKeHHbIe
He TOMLKO BO BpEMeHH, HO H HaXOoisiluecs Mexuay co6ol
B TNPHUYMHHOH CBA3H. B camoMm nene, HeOOXOHHMBIM YyCs0-
BHEM HACTynJeHusi coObITHSt B siBJsieTcs npenlllecTByOiiee

Yy TIlpocrpancrBeHHOe coBnajeHde IBYX coObituit A ¥ B Takxke
TpausuTHBHo. CoBNajeHHE [eJecoo6pa3Ho 0603HaYaTh 3HAKOM TOXKJe-
CTBa HAH 3KBHBaJjeHTHOCTH: A=B. Jloruyeckoe OTHOUIEHHE TOXKIECTBA
TPAH3UTHBHO M, KpOMe TOro, «peduiekcuBuo» {A=A) U «CHMMETPHUHO»
(eciw A=B, 10 B=A). [Ia nocjelHHXx CBOHCTBA He BHLINOJNHSIOTCA
nas orwowenns A<B. Orsowenne «4d u B HeoxHoBpeMenubl» (nu60
A<B, 1160 A>B) TaKXe U HETPAH3HTHBHO,
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HactynaeHue cobbitist A, T. e. coGuitue A aBasercs npuun-
HOM1, a coOriTHe B — caencTBHEM.

Vraye o6CTONT neso €O CHAeAYIOUHMMH JABYMs COGwi-
tuamu. Kakoe-116o JHMIO BXOAMT B ayauTOpHIO (COOBI-
te A); mosxe pazgaercss 6ofi cTeHHbIX 4acoB  (cOOHI-
te B). Cobuitne A HacTynusio paubine coSeiTHs B, onHa-
Ko coObitHe A He ofycnoBanBaer cobbitHs B: Hoil uacos
pa3nanca 6bl M B TOM cJayuae, ecan 6w cobuitia A He
oblno coBceM. OtHolueHne «cofGHTHe A ecTh TMpHUYMHA CO-
6biTHA B» cUMBOJHUECKH 3amHchiBaercd B Buue: A->B (co-
6oitie A obycnosauBaer cobertue B). [puunnHnoe ortHolue-
Hye TaKKe TPaH3UTHBHO, T. e.

Ecau A-B u B>C, 10 A=C.

B camoMm pene, ecan C ofycaoBausaercs cobGbitHeM B
(B>C), a B B cBOl0 ouepelnb 0O6ycioB/aMBaeTcss cOGbi-
tHeM A (A->B), To cobbitie C TaKXe $BJAAETCS cJel-
cteieM cobbitHa A (A — C): ecnin He mpousounio Gu co-
6bitisi A, To He Hactynm/ao Obl cobuTHe B, a NMOTOMY He
6b110 6Bl M cobblTHs C.

Ecan Mbl cpaBHMM BpeMeHHOE pacnosoMeHne IOBYX CO-
Gertuit A u B, CBfi3aHHBIX OTHOLIEHHWEM MPHYHHHOCTH, TO
YBHIUM CJelyioulee:

1. Ecau A seasercs npuuusol, a B — caedcteuem, 1o
A npousowao pauewe B, wiu, B CHMBOJIHYECKON 3arucH,
ecau A — B, o A<B.

ST0 mpaBH/aIO0, COTJIACHO KOTOPOMY BpeMeHHOe H «lpH-
YHHHOE» pAaCnoJioXeHHe COOBITHH «HAmpaBJeHb B OJHY
CTOPOHY», Bbipa)aeT ¢yHmaMeHTaJlbHOe CBOHCTBO Halllero
eCcTeCTBeHHOTO MNpenCTaBJeHHS O TMNOHATHAX <«BpeMa» H
«TIPHYMHHOCTbY. Dynem Ha3piBaTb ero B jpanbHelilieM 1 o0-
CTYJNaTOM NPHUYUHHOCTH I BPEeMEHHOH mocaeno-
BaTeJbHOCTH COOBITHIL.

Y3 ckaszaHHOro BHIe cjaenyer, urc mocrynaat [ HeoG-
patum: ecan A<B, To He Bcerna A —B. B camoMm nene,
naxe nupu ycnosun A<B cobeitis A u B B npHUMHHOM
OTHOWIEHHH MOTYT ObLITb COBEPIUEHHO HE3aBHCHMBIMH OIHO
OT IpPYroro.

HonpiToKnM pe3ysbTaThl, K KOTOPHIM MBI NpPHLIIH.

1. Co6blTHst, NPOUCXOASIIHE B ONHOM H TOM XK€ MecTe,
pacnosioXelbi BO BIOJIHE ONpejeseHHONl 8pemenHOld nocae-
Z0BaTENbHOCTH,
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2. Hekoropble M3 3THX COOBITHH CBfI3alibl NpUUUHHOL
3aBHCHMOCTBIO. '

3. Ecay nMeer mecto npuunnnoe otHoulentse A — B, 10
3aBe/lOMO HMeeT MecTO HallpaBJeHHast B Ty Xe CTOpOHY
BpeMeHHAn nocaepoBatesbiocTh A <B cobbituil (nocryasar
NPULUHHOCTI).

Bullie Mbl pe3Ko pa3rpaHuuuAH NepelkiuBaHHe BO Bpe-
MeHH W MPHUMHHYIO CBf3b MeXIY coObTHAMH. Mexay Tem
CBSI3b MEXIY 3THMH [OBYMs 06CTOATEJIbCTBAMH CYIIECTBEH-
Ha IJi BO3HHMKHOBeHMst Hallero ecTeCTBEHHOIO0 MOHATHA
BpeMeHu. Tem He meHee yka3aHHOe pe3koe pasnnuue 000-
cuoBaHo. Kax noxasanu paccMOTpeHHBIe B 3TOM naparpade
IpoCTble TPHMEPH, H3 OMHOH TOJbBKO BPEMEHHOH nocseno-
BaTeAbHOCTH ABYX COOBITHH ellie Hesb3s 3aK/JIUUTh O «NpU-
UHHHOM OTHOUIeHHH» Mmexny HuMmu, HaoGopor, npuunHHas
CBsi3b MeXny cob6blTHAMH 0e3yc/JOBHO ompeneJsieT Hamnpa-
BJEHHYIO B Ty e CTODOHY BPeMEHHYIO N0C/A€/10BATENbHOCT b,
Takoe nosoxeHne BeHiefl BhipaxaeTcss noctynatamu 1—3,
MoJIHOe 3HayeHHe KOTOPHIX PAacKpoeTcss B CJAenyIOleM ma-
parpade.

YIpepxaeuus, conepxaiyecs B noctynatax 1-—3,
SIBASIOTCA pellaloiluMi [J1s NPaBU/AbHOTO NOHUMAaHHs Teo-
PHH OTHOCHTE/IbHOCTH.

§ 4. CpaBHeHue BO BpeMeHn NPOCTPAHCTBEHHO
He COBMajaroumMx coObLITHi

ITepefineM K paccMOTpeHHio COOGBITHI, NPOHCXOIALUHX
B IBYX Toukax P; u P, npocTpaHCTBa, CTOJb YAaJeHHbIX
ojHa OT ApYToH, 4TO mpoHcXonsiiee B Touke P, cofbithe
He MOXeT HeNOCpPeiNCTBEHHO HabamonaTthes M3 TOUKM Py
BosbMeMm mnsi npumepa cobeitis A, npoucxoxsiue B 3TOH
aynuropuu, Haxoxsmeficas B Lliopuxe, u cobmitus B, Ha-
OJitofaeMble B ayAUTODHH, Haxonsuielics B Bazene.

Cobuitust A, npoucxoasimine B Liopiixe, T e. B ofHOM U
TOM K€ MecTe, eCTeCTBEHHBIM 00pasoM pac diaramTca BO
BpeMeHH. AHasornudo cobeiTHst B MoryTt GblTb pacroso-
KeHH B «[paBHAbHOH» BpeMeHHOH nNoc/el0BaTeNbHOCTH
B basese.

Bosuukalomas npu 3TOM clTyauns nosicHeHa ua puc. 29.
Jlepasn BepTukasbHas auHua P, nsobpaxkaer «TeueHue Bpe-
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MeHH» Aas coObiTiit A. Touxu 370il npsiMoil COOTBETCTBYIOT
B3aHMHO OfHO3HauHO colwbituam B Lliopuxe, npuuem rax,
4TO BO3pacTaHHIO BpeMeHH OTBeYaeT HalpaBJeHHe CHHU3Y
BBepXx. CieoBaTesbHO, TOYKa, H300paKaiomas cobwitie A,
neauT cobuitus, npoucxoasmue B Llropuxe, Ha aBa KJaacca:
HiKe TOUKH A pacnosomeHsl COGHITHS, CAYYHBIINECH PaHb-
we cobuitia A, T. e. yXe npoilellline, a Bbllle TOYKH A —
coOBITHA, KOTOpPBIE HACTynsT noz:xke cobbitus A, T. e. 6y-
Ayugue coOBITHA. '

d

P, Y
S, &
p 8
Sy r&
Puc. 29

AnranornynsiM o6pa3zoM npaBas BepTHKadAbHAA [psMas
P, u3obpaxkaer pacrnoJsioxeHHe BO BpeMenu cobuiTHil B,
npoucxonsmux B basese.

HanpoTus, He cyllecTByeT HHIKAaKOll BO3MOXKHOCTH He-
nocpedcTeenHn20 CpaBHEHHst MeX Ay co0olt BO BpeMeHH co-
6ottt A (B Lopuxe) u cob6uituit B (B Basene). Kocsenno
3TO MOXKHO Chenath NpH NOMOWH CQOPMYJHPOBAHHOTO
B IpenblnyilieM naparpade focTysnaTa NPHUYHHHOCTH JJ1s
BpeMeHHON NOCJAeI0BAaTeNLHOCTH cobniTHil. B camom nese,
CYylLIeCTBOBaHHE INPHYMHHON CBSA3H MeXAY COOGBITHAMH HH
B KakoOM CJydyae He OrpaHiueHo cOOBITHAMI, NpPOCTpaH-
CTBEHHO COBNaaloLiiMIl: HE3aBHCHMO OT TOrD, NPOUCXOAAT
au cobultust £y n E; B 0HOM 1 TOM Ke MecTe WJH B pas-
HBIX MecCTaX, «.1HO 113 HHX MOMKeT GblTh NPHYIIHOI APYIoro.

Hdasi 6ones noxpoGHOr0 pasbsiCHEHils 3TOr0 BOMpoca
npeictasuM cebe caepywowmee: B Py (Lliopux) npuuio
mncbMo Sy n3 Py (Basean). Ilepsoe u3 Ha3BaHHBIX cOGBI-
Tull (nocrynnenue nucova B Llopix) HazoBem cobuiTHEM A,
a nocJjenHee (oTipapJeHde nucbMa 13 baseqast) — coOH-
tieM By CobbitiHe By ecThb «npHuiHa», cobptie A — «caen-
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cTBHe», B camom gene, ecan 6w He Obl1o OTApaBJeHHS
myucbMa, TO He OBLO Obt H €r0 NOCTYNJEHHS, CJA€10BaTEb-
Ho, HMeeT MecTo OTHoluenue By—~>A.

Jns coOnITHi, TPOUCXOAAIIMX B OJIHOM ¥ TOM e MecTe,
cnpaBeqMB noctynaat npuuxmaoctH (crp. 122). Opnaxo
U Halllero ecTeCTBEHHOTO BOCHPHATHA BpEMEHH cylie-
CTBEHHO, YTO 3TOT NOCTyJaT CHpaBeLJIHB g A0 OB X CO-
GurTHi. [103TOMY pacwuupum HOCTYAQT NPUHUHHOCTU OAS
epemennsll nocaedosaressHOCTU coOuTull 1 6ydem npuse-
HATE €20 Kk JI0OGLB M coDoiTLAM, THe 6Bl OHM HH MpPOHCXO-
LN,

Tak xak cobuiTue By o6ycioBAHBaeT NOsBJeHHe COOHI-
tua A (By—A), 10 M3 pacllnpeHHOro nocrysnata NpHunH-
HOCTH CJIeJyeT, 4TO HMEET MeCTO TakzKe OTHOIleHue Bi<A4;
3TO 03HauaeT, uTo Mbl paccMatpuBaeM By kak bosee pan-
Hee cobuiThe, a cobbitne A — Kak 6o.aee nosoHee.

Taxum oGpa3oM, nocpeicTBOM cHTHanaa Sy, T. €. NOCTYy-
nneHus nucbMa B LlilopuX, Mbl pacniofioXuiyd BO BpeMEHH
cobuiTHe Bj, cayuuBlueecs B Dasesne, OTHOCHTENbHO COOHI-
s A B LHiopuxe.

Paciuupum Tenepb TaKkKe MOHATHE TPAH3UTUBHOCTU
pacnoJoxenus coGuiTHil Bo BpeMenu (ctp. 121), pacmpo-
CTpaHHB ero Ha JOble CcOOHTHA, HE3ABHCHMO OT TOTO,
B KAaKOM MecTe OHH NpoHcXonsaT. Torma Mbl NpuaeM K cJe-
AYIOIEMY 2aKAUEHHIO.

Ecau cobeitie By B Basene npousouwnto paHbine coGwH-
THs By, TO OHO NPOM3OLIIO Tak¥e paHblle BceX COGBITHI,
nactynuBlinx B Lllopuxe noszxe cobwitus A. B uyactaocTH,
camo cobbiTHe A TaKiKe HACTYNHJAO 1103Xe BCeX TeX COOBI-
tufi B, kortopoie B Dbasesne npousowsn paHblie coOml-
s By, B cavowm gene, us orHomeHufi By<<B, u B;<A
BCJIEAACTBHE TPAH3HTHBHOCTH OTHOLIEHHs BPEMEHHOro Mo-
paaKa BbiTekaer, uto Bi<A.

TakuMm 06pa3oM, cHTHan Sy MO3BOJseT YyNOPALOUHTL BO
BpeMeHH OGosbloe uyuc/a0 cobblTHil, npoucxonusuwkx B ba-
3ene, OTHOCHTeNbHO cobuitus A, umemuero secto B Llro-
puxe, a HMeHHO: Bce coOniTHs B basene, Jexauine B
«MpOLJIOM» 110 CpaBHeHuio ¢ coGuiTHeM Bj, npousouuti
panbine cobuiTnit B Lllopuxe, nexaiiux B «Byaymem» MO
cpaBHeHuto ¢ cobeitiem A. IlepBole M3 Ha3BaHHBIX COOHI-
THii, KoTOphie Mbl OynemM o603HauaTh NO-OpexHemy uepes
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B, nsobpaxatrcsa Ha JauHan BpemeHu P, (puc. 29) Tou-
KaMH, pacrno/ioXeHHBIMH HHXKe TOukH By, a mnocnenHue
COOBITHA — TOUKAMH, DACMOJOKCHHBIMHY Ha JUHHH BpeMeHH
P, Bui 1 e ToukH A.

Onunako curan S; He JaeT BO3MOXKHOCTH PacClOJOXKHThL
BO BpeMEHH coOBbITHS, HacTynuBllHe B Basene nosxe colul-
THs By, OTHOCHTeNbHO COOBITHI, HMeBINMX MecTo B LlopHxe
paHbuie cobbitua A. Jdas Toro uto6ul BHECTH SACHOCTD
B 3T0T Bompoc, nomwnem u3 Lwopuxa B Bazenv ¢ ofpartHoi
noyto#l orseT S, Ha curHan Si. Ecau npennosioxuth, uTo
«curHan» Sy noceliaercst B Basenb cpasy nocsae moctymae-
Hus B Lliopux curnana Sy, 10 0o6a coGHTHS — OTIpaB/eHHe
CHrHajlla S; H mocTymjeHue curHana Sy (cobuitie A) —
MOTYT paccMaTpHBaTbCss KXakK coBnajaroiue. [Ilpuboithe
curuana S; B DBasenbp HasoeeM «cofbitHem Bi».

Takum xe o6pa3oM, Kak ¥ Bbillle, MBI HPHIEM K 3aK/iO-
yeHHIo, 4TO coGbITHe A HacTynuao paHbile cobuiTus B,
a tem Oojee paHbiie Bcex cobutuit B Dasene, nactymus-
IIHX TaM no3xe cobutus B,

CnenoBatenbHo, co6uiTe A Npou3olLIo noaice Bcex co-
Ouituit B, B Dasese, HMeBIIMX MeCTO B 3TOM Topoje 10
cobuiTisi By, W paHblle BcexX cOGbITHH Bs, HMEBLIHX MeCTo
B Basene nocse cobuitis By (B1<B;<A<By<B,).

Taxkum obpasom, nBa currana S; u S, 103BOAAIOT pac-
MOJIOXHUTb BO BpeMeNH OTHOCHTeNbHO cobuitust A B Lljopuxe
Bce cobbitua B Dasene, 3a uckawuenuem coboituti, npo-
ucxodawux 6 untTepsanre mexcoy cobwruamu By u Bs. Ecan
st HepechlIKh TouThl u3 basens B Lliopux (uau o6-
paTHO) 1o XKene3Ho#l popore Tpefyercss OJHH uac, TO HJH-
TeJbHOCTb TOJIbKO YTO yKa3aHHOrO HHTepBaJ/a Heompene-
JerHocTH B DBasesie coctaBuT gBa yaca.

DTOT HHTepBaJ, OIHAKO, COKPATHTCS, eCad HouTa 6y-
HeT 10CTaBAATbCst Gosee ObICTPBIM TPAaHCHOPTOM, Hanpu-
Mep camosetoM. CaMoJer, I4a1d TOro 4ToGn MpubbiTh B
LjopuX olHOBpeMEHHO C NOE€310M, MOXKeT BHJIeTeTb u3 Da-
3esis 103XKe, COOTBETCTBEHHO OH cKopee BepHeTcs B Dasesp.
CienoBartenbio, OTNpaB/eHHe H BO3BpailieHHE NHCbMa BO3-
AYWHOM TMouTOfl COKpaTHT NpexXHHH wuHTepBan BB, 1o
HeKoTopoit ero uactu. Ecan ckopocth camonera B 12 pas
GoJblue CKOPOCTH Moe3xa, TO HHTEPBaJ HEeOoNpeseseHHOCTH
YMEHBUIHTCA A0 OMHOH ABEHAJLATOH uacTH cBoefl mepBOHa-
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YabHOH AJHTENBHOCTH, T. €. CTaHeT PaBHBIM TOJbKO je-
CATH MHUHYTaM.

H71ak, uem ObicTpee HMeWIl{Hecss B DaclOPAKEHHH CHI-
HaJbl, TeM MeHbllle CTaHOBHTCH HHTEPBaJ] HeOonpeneNeH-
noctu ByB, (B basene), coorsercTByOMMil cobuitHiO A
(8 Uopuxe). CaMblmM OBICTPHIM 13 H3BECTHHIX (H3HUECKHX
CHTHAJIOB ABJSIETCHA 3JeKTPHUeCKHil CHIHaJ HJH, 4TO TO XKe
camoe, papxocurda/d, CkopocTb ero pacnpocrpaHeHdus Ta-
Kas Ke, KaK CKOpPOCTb CBeTa, KoTopas paBHa NpuOJIH3H-
teabro 300 000 xuiomeTpoB B cekyHay. Takomy cHursaay
aas roro, urobu pofitu uz baseas B Lliopux, tpebyercs
tosbko 1/3000 cexynam. CrepoBatenbHOo, B 3TOM cJaydae
1HTepBaJs HeomnpepnesneHHoctH B baserne, cooTBeTcTBYROLUUI
cobuitHio A B Lopuxe, upeaBbiyaitio Madl.

DTH paccyXaeHHst OTHIONb He SIBASIOTCA TEOpeTHuecKoH
KasyucTtuxofi. ManoxeHHbI BhIlIe METOX CAYMHT AN NTpak-
THYECKOTO CpaBHeHUst BpeMEeHH B [BYX pa3J/M4HBIX [YHK-
taXx. Boobpasum, uto B lllopuxe B HallleM pacnopsiKeHHH
HMeITCS 4Yachl, KOTOPhle NPHHHMAIOTCS 332 NMPaBH/IBHO HAY-
IHe «HOpMaJsbHEle uachl». Eciay yackl B JIPYrHX NYHKTax
JOJIKHEl ObITb yCTaHOBJEHH no Bpemenu B Lliopuxe, 10 H3
Iliopuxa B omnpeneneHHbII MOMEHT BpPEMEHH, HaNpPHMeEp
TouyHo B 12 yacoB, mochl1aeTcs 1O paflio CHrHajA BpeMeHH
(cobeitue A). Ilpuxox 3toro curHajia BpeMmeHn B DBasenb
HasoBeM coOuiTHeM Bp. CaenoBaTenbHO, cobuTiie By HacTy-
naer nosxe cobuitia A. TeM He MeHee Ha NpaKTHKE NPH-
HHMaercs, 4TO cobbiTHe By HDPOUCXOHHT 0OHOBPEMEHHO
¢ cobuiTieM A; 1m03TOMY NPH NOCTYIJAEGHHM CHTHajla Bpe-
metn B basenp (cofblte By) uyachi TaM yCTaHaBAHBAIOT
TouHo Ha 12 uacos. Bosnukatomas npu 37oM omnbKa MeHb-
ule pHTepBaja HeonpernesedHocTH. (ueBHAHO, UTO CTOJb
MaJlyw PasHHUY BO BpeMeHH, COCTaBJSIOMYIO [OJI0 OAHOH
THICAYHOH CeKYRIB, B NPaKTHUECKUX YCJAOBHAX MOMXKHO He
YUHTHIBATb.

[Tpomosxyuy Halk npUHUHNHAAbHBIE paccyxKaeHus. Bos
o6pasuM Ha MMHYTY, 4TO MMEIOTC:A CHTHaJBI, eile 6oee Gbl-
CTpBle, YeM paJHOCHTHaJ/JBl HJ/M CBeTOBble curdanel. Torpa
MHTEPBaN HeOomnpe/je/leHHOCTH, COOTBETCTBYIOUHH cobblTHIO A,
COKpaTHTCs ewie GoMbllle H MPHTOM TeM GoJiblie, YeM GhicTpee
NpHMeHsieMBblil CHTHa/l. B 3TOM OTHOILUEHHH MOXHO pasJ-
yaTb /Ba NPHHUHNHANLHO Pa3JHUHBIX AOUYHIEHHS:.
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l. TfepBoe HonyuieHie: Cyuecr8ylor cKoas Y200~
HO OblcTpble cucHaabl.

[lpn TakoM ponmymieHu#d HHTEpBasl HeONpe/eJeHHOCTH
BB, no mepe yBenHueHHs CKOPOCTH CHrHajla HeorpaHH-
UeHHO COKpaliaeTcsi, MPHYeM Tak, uyTO OJHa BIOJHE Olpe-
JeJJeHHast BPeMEHHAR TOYKa ocTaercst obiueil nns Bcex HH-
TepBaJOB HeonpeneneHHoctd. Ilycte B ectb TO colbTHE
B Dasene, koTtopoe TOYHO coBnajaeT C 3TUM MNpeiebHbIM
MOMEHTOM BpeMeHu. V3 ckasaHHOro Bblllle BBITCKaeT, 4TO
Bce cobuiTua B Basene, Hacrymawmiue paubuie cobuitus B,
JOJKHBL paccMaTpHBaThest Kak «abcoqiotHo 0Oojee pal-
Hue», uem cobuitie A (B Lliopuxe). Haaee, Bce cobblTua
B Dazene, Gonee no3xiude, dem npejgeabHoe cobbiTHe B,
JOMKHBL paccMaTpHBaTbCA Kak «alcoqloTHO 0ojee MO3j-
Hue», uem cobuitie A. CienoBatesibHO, OCTaeTCs ML pac-
N0J0KUTb BO BpeMelHd OTHOCHTeNbHO coGbiTHst A camo co-
6eitne B. JIaa Takoro pacrnosoKeHns HMeeTcss ORHA-eiMH-
CTBEHHAs BO3MOXHOCTb: NIPHHATH, uTO cobwitHe B npouc-
XORHT 00HO8peMenHO ¢ cobbitieM A.

WMrak, MB BHAMM, YTO IPH INPHHATHH [1€PBOTO J0O-
nyileHHst HHTepBan HeonpejedaenHocTH Hcuesaer. Jlpy-
HMM CJI0BaMy, NPH CHEeJaHHOM JONYUIEHHH OTHOUIeHHSA:
«[103¥e», «paHblle» U «ONHOBpPEMeHHO» [Jsd . TI0OHX
JBYX COGBITHII ABJAIOTCS YCTaHOBJEHHBIMH 6€3YCJOBHO,
HesaBlUCHMO OT MecTa, rae 3Ty colbltus npowucxozar. Ta-
kM 06pa3oM, U3 MepBOro JOMyLIeHHs BHITEKAeT, 4To BpeMd
abcoatoTHO.

2. BTopoe izonymeHile: He Cyuecrsyer CKoab
Y2OOHO BbICTPOIX CUSHAAOS.

B sToM cayuae uHTepBaJ HeONpeleJeHHOCTH He MOKET
HeorpaHHYeHHO yMeHbllaTbes. Tenepb N0 Mepe yBeJaHUeHHs
CKOpPOCTH CHMTHasa f01y4aloTcs HHTepBaJbl, Melllle B Ka-
yecTBe O6mWEH uacTil BNOJHe oOfpeleJeHEbIl npedeabHblil
unrepsas BB, Drtor uHTepBan coBliajaeT ¢ TeMm HHTEpBa-
JoM BpeMeHu B Dasese, HayanbHas Touka KOTODPOTO COBna-
naet ¢ ornpasiaeHuem 13 Dasens nanbogee OBICTPOrO CHT-
Hana (coObitHe B;), a KoHeuHasd TOUKa — C BO3BpaLIEHHEM
curHaia B Basear (coOwiTHe Bp) mpit yCJIOBHIL, YTO CHTHAM
nocne npubeitns B Lliopux (cobbithe A) cpasy ornpa-
BasieTcst Hasal B Dasenb.
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Hauaabnoe coGeitue By npeaeabHoro nutepBana BiBs,
a Taxkxe cobbiTus, HMeBlIHe MecTo B Dasene paubiue coObl-
THsi By, A00KHL paccMaTpuBathed Kak «abcoJqioTHO GoJgee
paHHHe», uen cobwuiTiie A. KoneuHoe colbitHe Bz u Gosee
nosaune cobnitua 8 Dasene noaxXHel paccMaTpuBaThCs Kak
«abcomoTHO Oojee mo3aHue», yem cobuitie A. Cam npe-
deJibHBiH HHTepBan BB, comepxutr GeckoHeuHO OoJbluoe
uuca0 codbituii B (B Basese), Koropble HacTynaloT 1I03XKe
cobeiTiist By 11 panbiue cobuiTus B.. Bce atu coboitus B
B basene ocraiotcss neonpeneneHHbMH BO BpPEMEHH OTHO-
ciutesibHo cobuitusi A B Llwopuxe. Pacnosoxenue Bo Bpe-
MEeHH OIHOro M3 Takux coOblTHH B oTHocuTeJ bHO cOOhi-
Tiis A npu noMoumy nopayd Kakux-an6o CHrHAJOB BPeMEHH
HEeBO3MOXKHO.

Mrax, Mbl NPHINJH K CJAEAYIONIMM BHBOLAM:

l. Ecan cyulecTByOT CKOb YrOJHO GBICTpbi€ CHrHAJH,
TO 3anaHHoe cobuitHe O («3HeCb W Tenepb») HeJHT Bce
octaJibHElEe MUPOBEIE cobbiTua E Ha Tpu Kaacca:

1) Ha co6eitua E,, npoucxoidmue paHbine O.

2) Ha cobnitust E,, npoucxonsiiune nosxe O.

3) Ha cobuitus E;, onHoBpeMeHHble ¢ cobni-
tHeMm O.

Pacnonoxenne coduitiit £ 1 O Bo BpeMeHu OnHO3HAu-
HO ycTaHOoBJAeHO. Bpems abcort0THO.

2. Ecau ne cymiecTByeT CKOJb YroAHO OBICTPBIX CHIHa-
JIOB, TO Kaxjoe 3afaHnoe codbiTHe O peJHT BCe MHUDOBbIE
coOBITHS TaKKe Ha TpPH Kaacca £y, E,, E,.

Co6uitua Ey u E, no-npe:kuemy o6aanaroT cBOHCTBaMy
1) u 2), a umendo cobutus E, npoucxomar a6coaioT-
HO paublue cobuitua O, a cobbitia £:—aBCcoa0THO
no3xke cobutus O. OIHAKO PaCNOJOKEHHE BO BpEMeHH
otnocuTteabHo cobultust O Tperbero kJaacca coBBITHH — cO-
OoiTufl Ey, npoucXopsiiinx B fIHTepBaje MeX1y COBHLITHAMH
Ey u E, —ocraetca meonpedeiennoir W He MOXKeT ObITb
NPOU3BEJE€HO NPH NOMOL{HM YNOMMHABIIEIOCH Bhillle NOCTY-
Jata npuduHnoctH. IToatomy, ecnu weoGxoamyo onpene-
JAHTb TakHe MOHATHA, KaK «cobniTue £y NPOUCKOANT ORHO-
BpeMeHHO ¢ cobbitneM O», «cobsiTue Eg HacTynaeTr pabiue
cobuitia O», «cobeitue Ey nactynaer nosxe cobuitia O»,
TO J1/st 3TOr0 HEOOXONHMMO NpHBJeUYb APYFHEe IPHHUUNBL HAK
Apyrae corJatuesis.
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Pe3yanbrathi, BHTEKaionye U3 nepporo u BTOPOro A0NY-
leHHH O CKOpPOCTH pacupoCTpaHeHHsi CHTHaJfa, NOSCHEeHb
rpaduuecks na puc. 30a # 306,

Kaxpast BepTHKa/ibHas npamas u3obpaikaer J0KalbHOE
«TeueHHe BpeMeHH» B 3alaHHOM MecTe («MEeCTHOE BpeMs»).
B cayuae meproro pomyuiennss Kaxpoe cobmrtie O (u Ka-
xjoe cobuitHe E,, opHoBpemeHHoe ¢ O) oAHO3HAyHO yCTa-
HaBJuBaeT «Oynyliee» ¥ <«Ipollleiliee» OTHOCHTEJbHO CO-
Ouitis O,

bydywee

bydywee
4 I 06
p Siaeme

HEONPEOEEHHICTIL
| | lal q ||
h of; l/ o4 \\
fpoweduee Mpoiwzedues
Puc. 30 a. Puc. 30 6.

Hanporne, B cayuyae BTOporo ponyileHus Kaxias Jo-
KaJbHasg JHHHUA TeyeHHs BpeMEeHH COMepXHT HHTepBaa He-
onpenenedHoctd I, Beipe3daeMbulfi u3 3Tofl AMHHM 06/1acTbIO
neonpenenennocty £y Touku E;, nexalpie HuKe HHTEp-
Bana [, usobpaxamoT soKajbHble cobObiTHA, «abCOJMIOTHO
fojlee paHHHe» N0 OTHouleHHIo K cobutHo O, a Tou-
ku E,, nexamue sblue uHTepBana I, COOTBETCTBYIOT cOOLi-
THAM, HaCTYMHBIUIAM «abcooTHO nosxey cobbtus O.

Cka3zaHHOe BHIIe MOXHO CHOPMYJIHPOBATb TaK¥Ke cie-
aywouuM obpasom: cobuitua £y u E; MOTYT HaxonuTbes
¢ cobuitieM O B upuunHHOH cBA3M, a HMeHHO E; Moxer
ObiTh «mpHunHOk» cobuitia O, a E, — «caenctBuem» cobnl-
st O. Haupotus, obaacts Ey comepxur te cobulTHsa, KO-
TOphle He MOTIYT HaXoauTbcs ¢ cobbitvem O B NpHUHMHHOU
ceasu. Cnepopatenbuo, coObitug Ep B NpuuMHHOM OTHOLIe-
HHH, a [IOTOMY H BO BpeMeHHOM OTHOUIeHHH «HeHTpaJbHbL»
OTHOCHTeNIbHO cobbiTus O,
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Ho cux mop Mbl HCClefOBand pacnoJiokeHHe BO Bpe-
MEHH COOBITHH OTHOCHTE/NLHO BMOJIHE ONpPefesieHHOTO COlbi-
tua O. OpHako HeoOGXOAMMO IMETb B BHAY, YTO BHIGOP
cobuitiss O nponssoseH. B Hawem npumepe O 610 3a-
AaHHBIM coObiTHem B lllopuXxe, HO Bce Tpenbayline pac-
CYXIeHHs He H3MEHATCs, ecau B KauectBe O Gyner Bhl-
Opano cobuiTne B Dasene (unu B moBoM apyrom mecte).
Kaxnomy Ttakomy cobbitiio O 1npu BTOpPOM JONyHIeHIH
O CKODOCTH p4CNpOCTpaHeHHs CHrHaja COOTBETCTBYIOT
BIOJIHE onpepeneHdble obnacte Oyayuiero Es o6aactb

QI

Puc. 3L

npowenuiero Ey n nexamas mexny £y u E; o6nacth He-
onpenenensoctn Eo.

Ecan mbt 6yneM BapbupoBath coOeitHe O, T0 6ynyT n3-
MEHATbCA TaKmke COOTBETCTByWMMe obnactu E,, E;, E..
Ilpy nepsoM 10onmymeHuH O CKODOCTH pacnpocTpaHeHHs
CHTHaJla 3TH TPH MHOXECTBa HJA JBYX OOHOBpeMeHHbLX
cobuiTiit O u O ocTaloTcs HenamenneiMu. Muaue 6yner npu
BTOPOM [OfyHUEHHH, KaK 3TO BHAHO H3 pHc. 31, Ha KoTopoM
oTMeueHbl 1Ba cobbits O O U COOTBETCTBYIOUHE HM
obnactu Ey, Ey, E; u Eo, Ey, E.. O6nacte, o6mas n1s 6y-
AYILero oTHOCHTeNbHO cobbitist O u 6yAYIIEro OTHOCHTENb-
Ho cobuitia O, sawrpuxosana. OHa oxBaTHIBaeT Te MH]O-
Bble COOBITHSI, KOTOpble fBAAIOTC abCOMIOTHO GynyLHMu
Kaxk OTHOCHTe/bHO coObitHa O, Tak ¥ OTHOCHTENBLHO COGbi-
tua 0. Ha puc. 31 coburtne O nexutr B obnactu Heonpe-
JeJIEHHOCTH OTHOCHTENBHO cobelTist O, a cobutie O —-
B 006/iacTu HeONpPENeNeHHOCTH OTHOCHTEIbHO cobnitha O.
Ecnu cobbitue O u3MeHHTCS Tak, UTO OKaxercs B «Bymy-
meM» OTHOCHTeNbHO cobumTusi O, T0 «6ydymiee» oTHOCH-

TeJbHO COOBITHA O TaKxe CTaHeT YacTbhlo GYAYIero OTHO-
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cutenbHo cobwitua O. Takne OrHOLIEHHS COOTBETCTBYIOT
CBOHCTBY TPaH3UTHBHOCTH pacloJOXKEHUS! BO BpeMEHH
(B camonm nede, ecin O<0 n O<E, 1o Takke O<ZE, 1. e.
Oynylee OTHOCHTENILHO cOGLITHR O COIEpKHTcs B OYAY-
eM OTHOCHTesbHO cobuiTus O).

B pearvHoM, dMnupuvecKom Mupe uUMeEeT MecTo 8TOpne
donytenue o ckopoctu pacnpoctpauenus cuzxasa. bHogee
OblcTpble CHrHAJBl, YeM CBETOBbie WJH paJHOCHTHAMAM, He
usBectHsl. IloaToMy npu cpaBHeHHH BO BpPeMeHH COOBITHI,
OPOHCXOAANINX B pas3HbiX Mecrax, ocraeTca ofJacTb He-
ONpefeNeHHOCTH, 3aHATasd COOBITHAMH, OTHOCHTENBHO KOTO-
pbIX HEH3BeCTHO, NPOUCXONAT JIH OHH paHblIe HAH NMO03XKe
cobuitua O. 370 06CTOATEALCTBO CO30AET A02UHECKYIO t IM-
nUPUYECKYIO B03MONCHOCTL PEAATUBU3AYUL BPEMEHU.

V3 npuBeneHHBIX BHILIE pacCy:XueHHil cJhenyer, uto
B TOM C/Jyuae, KOT4a MBI paccMarpHBaeM COGHITHA B CpaB-
HHTe/IbHO OrpaHHYeHHOH 4acTH MNPOCTPaHCTBA, NJHTENb-
HOCTb BPEeMeHHBIX HHTEPBaJIOB HeOoUpeleJeHHOCTH upe3Bhl-
yafiHO KopoTKa (B Hamem npumepe meHoure /3000 cexkym-
ael). Ha npaxtuxe Taxkoil Manol JAHTENbHOCTHIO MOXKHO
npeHeOpeyb H, CAEAOBATE]bHO, OCTATbCS Ha TOUKE 3peHHS
KJaccHUecKoTo npeictas/eHdss 06 abCONIOTHOM BpeMeHH.

WMuave obcTout neno, ecan paccMmaTpuBaeMble COOBITHSH
npoucxolsiT B GoJsiee NPOTSKEHHON uYacTH NPOCTpaHCIBa.
Paccrosune mexpay 3emaell u CoJsiHueM YiKe HaCTOJAbKO
BeJiuko (okono 150 MuAMHOHOB KHJIOMETPOB), UTO IJIH-
TeJIbHOCTh HHTEpBaJia BpeMeHHON HeonpenesieHHOCTH cra-
HoBu1Ccsl Gosbine 8 MuHyT. Eme Gonblue Bospacrtaer uurep-
BaJ HeolpeneseHHOCTH B TOM cJjyyae, KOr4a CpaBHHBAKOTCH
cobuiTsi Ha 3emne ¢ cobblTHsiMi Ha 3Be3xax. Ceerosol
CcHrHaJj, HAYIIHH OT 3Be3nbl U norajawmliuil B HAIUK rnasa,
HaxOAMTCH B NYyTH, BO3IMOXKHO, MH/JIHOHBI JIeT, CJeloBa-
TeNILII0, HHTEePBak HeOoNpe[eJIeHHOCTH CTAHOBUTCA UpPE3Bbi-
yafivo GonbLIIMM M MOTOMY MO Te€X TOP, TOKa HCNOJb-
3yercst TObKO MPHHUHN NMPUYNHHOCTH, COOBITHA HaA 3Be3NaX,
npoucxonsile B 3TOM HHTepBaje, He MOryt OnlTh yHopsa-
IOUeHH BO BpeMeHH OTHOCHTeNbHO NPuUbhITHA Ha 3emMaw
1epBOTO CBETOBOrO CHrHaJa.

XoTa unTeppBaAbl HeONpeAeJeHHOCTH Aaf co6uTHil, npo-
HCXOISIINHX B OTPaHHUEHHBIX 4acTAX MPOCTPAHCTBA, HCue-
3aionie MaJbl, TeM He MeHee HX YyeT B Hauly 3MOXY BecbMa
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BaXXeH. B coBpemenHONl $u3HKe NpUXOLUTCH UMETH HAes0
C 4pe3BhIUAfiHO Ma/bIMH NPOMEXYTKaMH BpeMeHH, COCTa-
BJAAIMHMHE HHUTONKHYIO JOJIIO CEeKYHABI; HO0ITOMY 3/eCh
nejb3A  npedeGperate  MHTePBasaMi  HeONpeneNeHHOCTH
Jlayke NMPH H3YYeHHH YacTell NpPOCTPAaHCTBE «aTOMHBIX» Pas-
MepoB,

§ 5. TlpocTpaHCcTBeHHO-BpeMEeHHBIE CHCTEMBI

B npenmayiiux naparpadax Mbl pacCMOTPesNH BONpoC
0 pacnoJoxeHHH coObITHH Bo BpeMend. Kaxrnoe mnpous-
BOIbHBIM 0Opasom BeiGpannoe cobbiTne O onpenenser
(otHOCHTenbHo O) npomealure u  Gyayiiue CoBHTHA.
Ocralorcs HeonpeaeJeHHBIMH TOJMbKO coOniTHS M3 ofjaacTd
neonpenesesnoctn  Eg,, cooTBeTcTBylomed cobutiio O
Oanaxko n 37a obnacTb HeonpenenedHOCTH CTArHBaercs
B NpsAMYIO, Ha KOTOPOH pacmo/oxKeHs OAHOBpeMennbie ¢ O
COOBITHA, ecan HONYCTUThb, YTO B HallieM pacrnopsiKeHHH
HMeIOTCA CKOAb yroaHo OblcTpble (H3HYECKHe CHTHAJbE
(puc. 30a).

Takum o06pasoy, HaIIM paccykAeHHs O noc/aeaoBa-
TeNbHOCTH COGBITHA BO BpPEMEHH HUMEJH UUCTO ToHOoA02UYe-
ckutl xapaxtep. Hu o kaxom usmepenuu npocTpaHCTBeHHBIX
WK BpEMEHHKIX HHTepBaJoB He Obl10 HHKakoi peuu. Pac-
CMOTPHM Tellepb BOMPOC O PACHOJIOXEeHHH COGHITHH BO Bpe-
MeHH ¢ Merpuueckoll ToukdH 3peHusa. OO0 wusMepeHuu cxo-
pOCTH NBUXKEHMH MOXKHO HayaThb TOBOPHTb TOJBKO MnoCje
TOro, Kax OyaeT NPHHATO COrJIAUIEHHE O TMOHATHH KOH-
TPYSHTHOCTH (paBeHCTBA) INPOCTPAHCTBEHHBIX H BpeMeH-
HBIX MHTepBa/ios. B caMOM Ieje, CKOpPOCTh JIBHKYUIErocs
Teda ecTh He UTO HHOe, KaK MNyTh, NPOHJEHHBIA TeJIOM B
€AUHHILY BpEeMeHH, CJej0BaTelbHO, YHCAEHHOEe 3HaueHHE
CKOPOCTH 3aBHCHT OT BbiOOpa eIHHHIL [/ NPOCTPAHCTBEH-
HBIX ¥ BPEMEHHEIX HHTEPBaJOB !}).

Ho paspe Boillle, npu HcCaefOBaHMH DPaclOJOXKEHHS CO-

6uiTHH BO BpEeMEeHHW, MBI He TOBOPHJH O «MeMJeHHHX® H

") Ecau MBl ckaxeM, 4TO CKOPOCTb asToMmoGmias pasHa 60, To 3To
yTBepKACHUE HHyero He OyleT o3Hayarh A0 TeX Nop, Noka He Gynxer
106aB/IeHO, KaKue eNHNHUBl ML W BpPEMEIln Mbl HCio/ib3veM. Ha-
IPOTHB, YTBEpPIKAEHHE, 4TO CKOPOCTh asToMoOuas pasna 60 KusoMers
poB B wac, uMeeT BNOJHe ONpele/ieHHBIH CMBIC,
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«BHlCTpHIX> cHTHaslax? Paspe ynosmuHaHnue O TaKIX CHIHa-
JiaX He Tpennosaraer, uTo MeTpHuecKHe MOHSATHS YKe BBe-
neHu? bonee mojppo6Hoe paccMOTpeHHe BLIMOMHEHHOro uc-
crenoBaHHs NOKasuiBaeT, uTo He OBIO HuKakol peud ob
uamepenuy JNUH H UHTEpBaJOB BpemeHH. PaccmaTpuBascs
curnan BiAB,, otnpaBaeHHHiT 13 baseas (colwitie By),
nocrynuslift B Lliopux (cobmitiie A) u cpasy e ornpa-
BJEHHBIH Hasan (BozBpamenne B Lllopux; cobwuitHe Bs).
310T curdaa cpasHusa.gacs ¢ apyruv (baseas — Lopnx —
basenb), KoTopwelil Gblil GHICTpee fePBOro, MOCKOIbKY €ero
Beix01 B{ us Baseas u ero sosspamenine 55 B Basean
OB pacnosioXelibll BHYTPH BpeMeHHOro HHTepBana By B,.
Takasi KoHCTaTalMs, KOTOPYIO MOKHO BBIpa3HTb (GOpMyaoi
Bi < Bi < B: < By, CAVIKNT TOALKO /151 VIOpPSiHOUHBAHUS BO
BPEMEHH TEpeunCcNeHHbX ueTHpex cobuTiiii B Bagese. Hu-
KaKkoro H3MepeHHs NJHH KaKuxX-1H00 NpOCTpalicTBeHHBIX
I BpeMeHHHIX HHTePBAaJOB OHa He Ipejanosaraer.

AnanornuneiM  0o6pa3oMm  [JOJIKHBL FIOHUMATbCst  CJIOBa:
«CYLIECTBYIOT CKOJIb YTOAHO OBICTpPBIE CHrHaABI®. DTH CJIO-
Ba 03HAuawT TOABLKO caenytouree. Ecan coboltre By npouc-
XoauT paHblie B, (By;<{B,), To Bceria CyiiecTByeT Takoil
curnan BiAB; (Basens — Lliopux — Basean), mns KoTo-
pOro BpeMeHHGH nHTepBan BiBY copepuTes Kak 4acTh
B MHTEpBaJe BBy (B < By < By < Bo).

JononHum Tenepn HallH pPaccMOTPEHHs, BbiMOJHEHHble
B IpeJIIeCTBYIOIHX Haparpadax, merpudecKkumu coobpa-
Kenuamu. O6G M3MepEeHHH NPOCTPAHCTBEHHHIX DaccTOAHHUL
MBI yXKe TOBOPH/IHN B nepBofl rnase. IIpH 3TOM MBI HCXO-
IHJIH H3 IMNUPHYECKOTro NOHATHH BHAIMOTO IpPOCTPaHCTBa.
Haina ayputopus B Lllopuxe MOMXKET CIVKHTh NPHMEPOM
Takoll «J0KaJbHON fpocTpaHcTBeHHOI okpectHocTH». [lpu-
MeHsist 9TaJOH JJNHHB, HanpiMep MeTpPOBYIO JHHEeHKY, Mbi
MOXKEeM H3MepsATb B 3TOM NPOCTPAHCTBE PACCTOAHHA MeXIy
OTeJBbHBIMH TOYKaMH. B yacTHOCTH, st 3TOH 1eNH MOX-
HO HCMOJB30BATH CUCTEMY KoopaxuatT K H oupenensTbh OT-
HOCHTE/ILHO Hee KOOpAMHATHl ToueK (TPH KOOpAMHATH: «BHI-
COTY», «IIUPHHY» ¥ «HJIHHY»)}. Torga reoMerpuueckue sipjie-
His MOXHO OGyner onucaTh NPY DOMOUIH €BKJAHAOBOH reo-
MEeTPHH ¥ OCHOBaHHOH Ha Hel eBKJAHJOBOH aHaJHTHUECKOH
reoxetrpun (cM. § 10 ra. I).

134

§ 5. NPOCTPAHCTBEHHO BPEMEHHEIE CHCTEMBI

JdononuuM 31y Hauwy O6AMXKafmIyi0 NpOCTPaHCTBEHHYIO
OKpecTHOCTb 10 60Jiee MPOTAXKEHHOH MpoCTpaHCTBEHHOM
OKPeCTHOCTH, B KOTOPOii nepBas «noxoutcs». Hama aynu-
TOpHA HaXOAWTCA B IOKOE OTHOCHTEJbHO ropoja Llopuxa.
Ota Gonee uLIMpOKas OKPECTHOCTb B CBOK OYepelb HaXO-
JHTCA B NoKoe OTHocUTenbHo 3emnaun. Ilpu momomn reope-
3HYECKHX H3MepeHHHl MBI MOXKeM ONpefessiTh «CHCTEMLI
KOOpJHMHAT» taKkke B Ha/lbHeflnux Bce Gosee U GoJee Hpo-
TAMEHHBIX YacTAX NIPOCTPAHCTBa U 3aTeM U3MEPATb B 3THX
CHCTeMaXx PacCTOAHHA H YIJH,

Tax, HanpuMmep, Mbi MOXeM CBA3aTb C HEH3MEHHOH 1po-
CTPAHCTBEHHOH cHCTeMOH, onpenenasemoil 3emJneli, npsmo-
YTONbHYIO JeKapToBY cucteMy KoopauHat K c Hauagom O,
COBMNAJAIOIUM C LUEHTPOM 3eMJiH, OCbl0O X, HanpaBJeHHOH
no KaxkoMy-HUOYAb [HaMeTpy S5KBaTopa, OCbIo y, Hampa-
B/JEHHON NO APYroMy AHaMeTpy 3KBaropa, NepleHmnHKyasp-
HOMY K NepBOMY, H OCbI0 2, COBMajaioledl ¢ ocbio 3eMJHu.
B Takofi cucTeMe KOOpIHHAT Kamjas Touka P moBepxHOCTH
3eMsH onpesensieTCss TPeMsi NPOCTPAHCTBEHHBIMH KOOpIi-
HataMH (X, y, 2). DTH KOODAUHATEl OCTAlOTCH HEU3IMeH-
HBIMH, TaK KaK TOUKH P He IBHKYTCA OTHOCHTEJbHO CH-
cremel K. CilenoBarenbHO, BOCHO/JBb3OBAaBIUHCH —TeopeMOi
[Tucaropa, MEl MOXeM H3MepHTb HeHM3MeHHEE (He 3aBHCHA-
mue 0T BPeMeHH) pacCTOsiHHA MeXjay OTHeNbHBIMH TOU-
Kamu P.

Takue noxosuiHecss OTHOCHTENbHO 3eMJH CHCTEMB KO-
OpAMHAT [IPHMEHAIOTCA B acCTPOHOMHH IJA  ONpeAeseHHd
OBHXEHHs1 HeGECcHEIX TeJ OTHOCHTeabHo 3eman. KoHeuwo,
NpH 9TOM HEBO3MOXKHO HM3MepPsTb pPaccTOsHHA Henocpei-
CTBEHHO, IIDH NOMOINH JuHeeK. s onpeneieHns 1o.10-
KEHHS Tesa HCMOMb3YHTCA, KpoMe TeOMeTpPUUYeCKHX MeTo-
JOB, BC& H3BECTHHE B (PH3HKe SMIHPHUECKHE H TEOpeTHue-
cKkHe MeToArl. K uneny rakux Qusnpueckux METOHOB OTHO-
CATCA ONTu4YeCKHe METOHBl, HCIO/b3YiiHe MNpsaMoaHHed-
HOCTh paciipocTpaHeHHa CBeTa, CHeKTpaJibHEle METOMH, CBA-
3aHHBIE C TeopHel 3JMeKTPOMarHHTHBIX KoJeOaHul, MeTOb!,
HCTOJIB3YIOIIHE MeXaHHueCKOe B3auMoneficTBhHe Te (Ha-
npuMep, TeopHw TArorenus HplotoHa), 1 T. 1. Huxe Mbi
elle BepPHeMCA K 3TUM MeTOHaM.

C TOuXM 3peHHs BONIPOCOB, KOTOPLIMH MBI cefiuac 3aHH-
MaeMCs, J0CTaTOYHO YCTAHOBHTB Clelylollee,
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I. Beerga MoxHO BbIOpaTh NMPOCTPAHCTBEHHYIO CHCTEMY
koopanHat K, mo xpaflHel Mepe ¢ HEKOTOPOII TOUHOCTHIO,
[Tpumepoy Takofl cHCTEMBI MOXKET CJAYXUTb PacCMOTPEH-
Hasi Bblllle NPSMOYroJbHast JekaproBa cucreMma (X, ¢, 2),
1I0KOALasACA OTHOCHTENBHO 3eM.IH.

2. B 3aBHCHMOCTH OT CUTYaUHMH MOKHO HPHMEHSATb pas-
JHYHBEIE TIPOCTPAHCTBeHHHE cHCTeMbl otcyera. Huaa omnu-
CaHust JNBUXKEHHS IIJiaHeT 1eaecoofpas3Ho MoJab30BaThCA
cucteMofl KoopauHar Ki, mokosimiefics OTHOCHTE/ILHO [eH-
TPanbHOrO Tesa [JIaHETHOH CHCTEMBl, T. €. OTHOCHTENbHO
Coannua. Ilpy nccnenosanui Kocmuueckux npobaem yno6Ha
TaK HasbiBaeMas VHHBepcaJbHas HHepuyliajibHad CHCTEMa
K, 1. e. cucteMa, OTHOCHTEJLHO KOTOPOH MOKOATCA (B cpel-
HeM) HelopjBHIKHbie 3Be3nnl !).

IMepefinen K Bompocy 06 uamepeHuu spemenu.

Hans stoit uenu BeibepeM CHauala JOKa/dbHYIO MpO-
CTPAHCTBEHHYIO CHCTEMY KOOpAMHAT K, HanpuMep cHCTEMY,
oripefenseMyio 3Toil ayautopuelt uau 3emuelt. Ecan onu-
catb Qusnueckne coOLITHA C TOUKH 3PEHH:A 3TOH CHCTEMBI,
TO KaxjpoMy cobbitHio E Gyner COOTBETCTBOBATh BHOJIHE
onpejeseHHoe MecTo P u oTBeualolliiie 3TOMY MECTY Mpo-
CTpPaHCTBeHHbIE KOODIAMHATHEL (Hanpumep, MHPAMOYTroJbHble
JeKapTOBbl KOODJAHHATHI),

Cobute E B TOuke P npOHCXOZMT TaKkKe B onpeje-
JIEHHbl/i MOMEHT BpeMeHH. [ ofnpenejeHUss BpeMeHH HC-
NOJIL3YIOTCS TaK Ha3blBaeMble <«HOpMaJbHbie uacel». Has
HCC/IE10BaHUs YCJIOBHH, KOTOPBIM NOJIXKHBI YIOBJETBOPATH
«HpaBUJIbHO» HAYIIHE uachl, NpencTaBuM cebe (onaTe He-

1} D10 o3Havaer caenyioumee. Henoasuskuble 3pe3hnl ABHKYTCA
otHocHTe O 3emsd. Bwmecre ¢ Tem oHM ABHKYTCS TaKke odna oT-
Hocuteabno Opyeofl, TlosTOMYy Ha NEPBHI B3MASA KaKeTCsi GeCCMblce
JICHHLIM TOBODHTB O CHCTeMe Koopimuart K, onpejessemofl HenoaBsHx-
HpiMu  3sesfaMu. CjoBa «B cpefHeM» IPHAAIOT CMBICT CHeJaHHOMY
onpefesenuo. Ecam, wanpumep, rtpebyercs onpeiennts ABHMeHue
CosiHia OTHOCHTENLHO CHCTeMbl HeMOIBHKHbLIX 3BE34, TO CHadana pac-
CMATPHBAIOT 3TO ABHKEHHE OTHOCHTEAbHO OGOJBLIIOTO KOJAH4ecTBa He-
NOABHXKHbIX 3Be3l. CpaBHUB 3TH OTHOCHTE/AbLHblE [ABHKEHHS OJHO C
apyruM, Haxonasr, yro CoJaHLUE HMEeT OTHOCHTE/NbHO HenoIBHKHBIX
3Be31 ¢pedHiol0 noCTOsHEYI0 cKopocTh. ClleloBaTeNbHO, CHCTeMa KOOp-
nunat K, moxer ObiTh yCTAHOBAEHA TOJLKO NPHONHMKEHHO, OJHAKO
TeM TOUHee, 4eM GOJblle YHCAO HCIOAb30BAHHLIX HENOABHUMKHLIS 3Be3f.
B stoM cMbiCne moHsitwe cucrembl Kp ABASETCHS CTATHCTHYECKHM,
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§ 5. MPOCTPAHCTBEHHO-BPEMEHHLIE CHUCTEMBI

CKOJIbKO HJeaH3upyss CHTYauHio), YTO B KaxkK/I0W MOKOS-
wiedicss touke P cHCTeMbl KOOPAMHAT HMEIOTCA «MeCTHBIE
HOpMaJbHBIE yacbl», OTMeuaiouiHe Bpemsi [ cobbitus E,
npoucxonsiero B 3tofl Touxe. Kak Oul 3TH uachl nu OBLIH
HOCTaBJEHH, HX X0J B Jio6oMm cayuae poJxeH ofjianatb
CBOICTBAMH, OTBe4alOIMMU BBeAeHHbLIM B mpedblayLinx
naparpagax mocTyJaTaM BpeMeHHON nocJefoBaTeNbHOCTH,
a HMeHHO:

1. Yacel pomxkuel HATH B «Oyaylliee» BpeMms. DTo camo
coboil noHATHOe TpeOOBaHMe O3HauaeT TONLKO CHAELYIOHLee.
Ecau E, u E; npeacrasasior coboil gBa cobutHa (B TOU-
ke P), u3 xoropwx E; Gonee pannee, a E, Gonee nos3n-
Hee, TO YyKa3nlBaeMoe uacaMu BpeMms f#; (cobbitHe Ej)
JOJKHO OHITH MeHbllle BpeMeHH [ (cobuTie £Ej), T. e.
1<t

2. Ecna coboitusn Ey w1 E; UpOMCXOHSAT B pPasju4HBIX
toukax P; u Pp cucteMnl koopauHat K u ecnu cobwuithe E»
aBJseTcss caencterueM cobuitis Ey (E;—Ej), To MecTHoe
BpeMma t=1f; cobbiTuss E; oigTb HOMKHO OHITH MEHbIlIe MecT-
HOro BpeMeHH f=f, cobbitus Es, T. €. BHOBb 1 <f>.

M3 Hamux npenblAyIiHX paccyXIeHHH BbITeKaer, uTo
yacH, MoMmemledHble B HexoTopoH Touke Py npocTpaHcTBa,
onpenensiOT XOJ uacoB, HaXOAAIKXCA B JAPYIHX TOYxkax
cucteMBl K, crenyioliuM o6pasom.

1. Ecniu B pacnopsKeHWH HMeTCHd CKOJb YrOHHQ
OB CTpHBl € CHrHaAbl, TO HOCAeA0OBATENBHOCTL BO BpeMeHH
cobuithit Eo u Ey, npoucxonsiniux B Toukax Py, H Py, Buact-
HOCTH O0O0HOBPEMEHHOCT 3THX COGBITHI, NMOAHOCTHIO Onpe-
pedena. Mz sToro BLITeKaet, uTo yacH, HaXoJdAlL{iecs B TOU-
Ke P, no/mxkHbl ObITb NOCTaBJieHnl Tak, 4TOOB COOTEET-
CTBYIOLIHE MeCTHBie NOKa3aHusl BpeMeHHu f; U f; Gblau OnH-
HakoBol (lo=t), ecan cobutia E, u E; onHOBpeMeHHBI.
CrnenoBarte/ibHO, HOpMaJbHBle Yachi, NOMEIEHHLiE B TOUKE
Py, B COOTBETCTBHH C TeM, UYTO B pacCMaTPHBAEMOM Cjyuae
BpeMa abCOJIOTHO, O0O0HO3HAYHO  yCTaHaBAHBAOT  XOL
oCTa/bHBIX YacoB (B Toukax P).

2. Hampotus, eciu cyuiectByer Haunbosee OB CT-
DB, HO OrpaHHUYeHHBIH NO CKOPOCTH CHFHAJ
(B mamell peanbHOH BceJeHHO — cpeToBOH ClrHan), TO
yachl B TouKax P [oJiKHbl GbITh YCTAHOBJEHH Tak, 4ToOH
cobonatoch ceayioliee paBHIO:
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Ecan cofbitue E,, npoucxonmsilee B Touke Py, nabuaro-
JllaeTcst B MOME@HT MECTHOTO BpeMeHH [=/fy, TO uacCHl B TOY-
Ke P npu Hactynseruu cobeitusa E (B Touxe P) RoJxHH
yKa3blBaTh BpeMs f, GoJsibliee BpeMeHH fy, NPH YCJOBHH, UTO
cobuiTHe E Hactynaer «aGCOMIOTHO mo3xe» cobuitus £,
T. €. IIPH YCJOBHH, UTO cobblTHe E J1€XKHUT B «IIpHUHHHOM
bynymem» cobuitus £y Hanpotus, ecnu cobeitHe £ jexur
B «IpHunHHOM (abCO/IIOTHOM) npouuioM» cobuitust Eo, TO
BpeMs f NONXHO ObiTb MeHble BpeMeHH fo (1<<fy).

Orciona /s MecTHBIX 4acoB cucTeMbl K BHITeKaeT cie-
Lywlliee npasuAo:

Uacsl B Touke P no/xHbl OblTb YCTAaHOBJEHH Takx, UTO-
61 cobuitve Eg, nsst KOTOpOro uachl B TOuxe Py nMokasH-
BAIOT Bpemsa f,, U cobweltHe E, n/1s KOTOpPOro udachl B TOU-
Ke P noka3biBaioT TO e caMoe BpeMs I, OBLIH OAHO OT-
HOCHTE/bHO APYIOro «NPHUHHHO HEHTpaNbHEBI»,

CnenoBatenbHo, cobuitue E Jjexur B obaacru uneonpe-
Oeaenrnoctu cobbitust Eq 1 Hao6opoT.

210 UpaBuWaIO peryaupyeT XOx 4acoB, HOMEUleHHBIX
B Touke P, mpuueM BeCcbMa XeCTKO, ecau Toukd P u P,
Jiexkar croab GJMH3KO OJHAa OT ApPYroH, 4To HHTepBaJs He-
onpefenedHoctH MaJ. OpHaxko ycTaHaBAHBAaTh yachl B TOY=
Kax P a6CcoONI0THO TOYHO OTHOCHTEJbHO 4acOB B TOu-
Ke Py, Kak 3T0 Oblio BO3MOXKHO TIDH CKOJb YTOAHO 6bl-
CTPOM CHTHase, OHO He MO3BOJSET.

[MpencraBuM cefe, 4To B OXHOM H TOM Xe Mecte P
cucreMbl K momeiienbl aBoe uwacoB U; u U, KoTophie
YIOBNETBOPAT cHOpMyAHpOBaHHOMY BHIIE 0pPaBHAY, HO
He udyr abcoaroTHo 00unaxogo. B Takom cayuae npoucxo-
asiee B P cobeitHe Ey, pns koroporo uackl U; nokasmi-
BalOT BpeMsi f=1{;, U NPOHUCXOJsliiee B TOM XXe MecTe cOObI-
tHe Es, mis xotoporo uacel U, 1moxasbiBaloT TO XKe camoe
BpeMmsi =1, He COBNAjalOT, OHM NpPOHCXOAAT B P B pas-
JIMuHble MOMEHTBl BpeMeHH, XOTa MOKas3aHus 4acoB (f=1;)
oaunakoBul. Kaxue ke n3 uacoB U; u U uayT «npaBub-
Ho»? [llocTyJaT DpHUHMHHOCTH [/ BpeMeHHOH mnocJenoBa-
TeJbHOCTH COOBITHH, Jexaliilli B OCHOBe c(pOpMYyJHpoBaH-
HOTO BHIle fpaBusia, HejocTaToueH /s OTBeTa Ha mocra-
BJEHHBIH BONpocC.

CnenoBaTe/bHO, ¥ Te, H [pYrHe dachl ¢ OJHHAKOBHIM
OpaBOM MOTYT CUMTaTbCs «HOPMaJbHbIMH YacaMH» B TOd-
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§ 5. MPOCTPAHCTBEHHO-BPEMEHHDIE CHCTEMB!

ke P. Ecilu Mbl BoifepeM B KauecTBe «HOPMaJbHbIN» UacH
Uy, 10 cob6uitne £, 6yner onHoBpeMennsiM ¢ cobuiTHeM Eg
B Touke Py («uachl, nomeuieHusvle B Py, noKasblBalOT Bpemd
t=1»). Ho torga uvacw U, 6ynyT 1okasbiBaTb, 4TO COOHI-
tHe E, nacrynaer panbine uam nosxe cobuiTua Ep; B ca-
MOM JieJle, 9TH Yachl OTMeualoT Bpem:s f={f, nas coOniTHS
E,, a ue nmas cobwitus E; (B cuTyauuy, noxasaHHodl Ha
puc. 32, cobuiTne E; HacTynaer «nosxxe» coObiTHa Es).

B atom cmbicie «BpeMeHHEe KOOPAHHATH» | cobbiTnil E
oTHOCuTeAbHbl. QOHH 3aBHCST OT TOTO, KaKHe U3 Pa3/HuHBIX

£, &

Ao P
Puc. 32

4acoB NMPHUHHUMAIOTCA 3a «HOpMaJbHBIE», KOHEYHO B PaMKax
rpaHfl, NONYCTHMHX C TOYKH 3peHud chopMynupOBaHHOIO
Bhillle npaBusa, CiaenoBaTesbHO, B 3THX [paHHNaX B TOY-
Ke P B npHHUMIIE BO3MOXMHO Ha/jnude GECKOHEYHO 60/ib-
IIOr0 uHCJa PaBHONPABHBEIX, HO TeM He MeHee HAYIHX He-
OJMHAKOBO 4acoB (OTHOCHTENbHO YaCOB, MOMEIEHHBIX
B Po)

Wrax, B npuHuune Obl10 6bl BO3MOXKHO YCTaHOBHTH
B 3a/laHHOH cHcTeMe KoopAHHaT K HecKOJIbKO TaKHX HeoaH-
HaroBo Huymux yaco (U, U, u 1. a.). OnHako ¢ Touku
3peHuss ONHUCAHHA NPOCTPAHCTBEHHO-BPEMEHHEIX sBJeHHM
66110 OBl BeChbMa HeNpakTHYHO OCTABJSATb CTOJb UIHPOKYIO
cB06GOAYy AJA HEONHO3HAYHOTO OfpeAeJeHHst MecTHOro Bpe-
MeHH. B neflCTBUTe/ILHOCTH XO4 «HOpPMa/bHLIX 4acoB» 8 Ka-
a0t TOuKe NPOCTPAHCTBEHHOU cucTemut oTcweta K ycra-
HABJWBaeICs OJHO3HAYHO, Mo Kpaline#l mepe B Teopuu. Ho
H Ha IpPaKTHKe Yacel CHCTeMBl K JKecTKO peryJ/iipylTcs.
Jns Toro uto6bi nocTHYb TAKOH OMHO3HAYHOCTH XOa ua«
coB B Kaxnol Ttouke P cucremst K, neo6xonnao, Kak sTo
caelyeT H3 NPHBEJCHHBIX Bbile paccyXiaeHuil, BBecTi RAs
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H3MepeHHs BpPEMeHH, KPOMe MoCTysaTa NPHUMHHOCTH, TaK-
’Ke Apyrie npaBuia,

IT0 HeOOXOAMMO Ipexie BCEro H3 CJIeIVIOMHX €006-
paxenn#i. Buille Mbl pa3bsiCHUAH HEKOTOPbIE NpaBusia, co-
IJIaCHO KOTOPHIM JAO/MKHB OblTh yCTAaHOBJEHBl Yachi, HaXO-
Asmygecss B pas/iHYHBIX TOuKax P npocTpaHCTBEHHOH cll-
CTeMBbl OTCYeTa JAJ8 TOro, 4ToOBl OHH <«NPaBHABHO®» IILJAH
OTHOCUTEAbHO HOpmaabtbrx 4acos U, NoMel{eHHBIX B IpO-
H3BOJIbHO BbiOpaHHOfl Touke P, Ho Kax [0a%KHb GBHTb
YCTaHOBJEHEl CaMHu HOpMaJsbHble yachl Uy? Koneuno, Tax,
yToOBl H OHM B «6ere BpemeHI», [POHCXOIAlUleM B TOu-
ke Py, wan B «Oynyuee» (cM. nmpaBuao | Ha crp. 137).
910 npaBuao peryaupyer xon uacos Uy, Tpebys auib, uto-
Obl 1mMOKasaHHs BPeMeHH, HaBaembie 3THMH 4acaMH, GLLIH
paBUABHO pacnosoxetsr. CreaoBaTe]bHO, 3TO fPaBusio
HMeeT TOJIbKO TOMOJOTrHUeCKHii XapaKkTep H N03TOMY He MO-
KeT CAYXKHTb /I U3MepeHHs BpeMesn B Touke P, Kak xe
BCe-TakH AOJIXKHBI GbITb yCTaHOBJAEHBl yachl U, uTo6H OHH
ITH TaxkXKe ¢ «IpaBHJLHOH® CKOPOCTBIO, T. €, AaBaju 0w
BO3MOKHOCTb IIPABH/JAbHOTO H3MEPeHHs MJIHbl BpPEeMEHHHIX
HHTEPBaJIOB B TOuke P3P

IMocTynaT npHUMHIOCTH AJ BpeMeHHOH noc/jen0BaTe  b-
HOCTH COOBITUH, HMEIOMHA TOMOJIOTHYECKHII XapaKkTep, He
MO3BOJISiT OTBETHTL Ha 3TOT Bonpoc. JOJMXKHL 6LITh BBe-
AeHBl HOBbiE KPDHTEDHH H3MePEHHA BpeMelH, He 3aBHCAUHE
OT NocTyJlaTa NPHYUHHOCTH. BBISCHHM, Kakie BO3MOXK-
HOCTH UMEIOTCA IAst BHOOpa TaKHX KPUTEPHEB.

Mel 3sHaem, uTO eNMHHULI BpeMeHI (rox, [eHb, uac
W T. 1.), HeOOXOHMMble A4 HU3MEpeHHust BpPeMeHH, BHIBe-
AeHbl H3 HEKOTODBIX [epHOAHYECKMX HBJEHIll NPHpOabL.
Ymapni nyJabca, coBnajaimoliide ¢ ynapaMu Cepaua, AaioT
BO3MOXHOCTb CyOBeKTMBHO OLEHHBATh AJMTEIbHOCTL Ha-
IIMX [epexRHUBaHui, B 3TOM NpHMepe HHTEPBa.l BpeMeHU
MEXIy JAByMs NOCAENOBaTeJbHEIMH ylapaMu NyJabca ciay-
MHT ennnuueit BpeMenu. bBosiee HamexHublii pUTM BpemeHH
HaloT nepHojuyecKne KOoCMHuecKue saBJeHua. Ha ocHoge
3THX ABNEHHH aCTPOHOMHUS yKe HaBHO co031asla TOYHBlE Me-
TOZLB H3MepeHusl BpeMeHH. CoppeMenHas aToMHas (u3MKa
OTKpBl1a B 3TOM HalpaB/JeHHH HOBble BO3MOMKHOCTH.
A ¥MEHHO sBJEHHS H3/AYUYeHHA W NepHOAH KoJeGaTesabHbIX
MPOLECCOB, CONPOBOXKIAMOILIE Nepexo] aTomMa H3 OJHOMO
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§ 6. TTIOKOA ¥ ABIDKEHHE

YDPOBHA 3HepTHM Ha JApyroH, onpepensioT HHTepBajibl Bpe-
MeHH, KOTOpble MOTYT CAYXHTb eCTeCTBEHHbIMH eJHHHLAMH
H3MepeHHs.

Ho xakum 6l cnocofom Hu Obia yCTaHOBJAEH XOJ MecT-
HBIX YacoB, IVIaBHBIM NPHHUHTOM pPeryJUpOBaHHs BpeMeHH
ocraercs NoCTYnaT NPHUHMHHOCTH, MpHUEM JgaxKe B TOM CJy-
yae, KOrja BHHMaHHe eMy YHeJsieTcs TOJNbKO GeccosHa-
TeJIbHO.

§ 6. Nokxoil u nBHKEHHE OTHOCHTEJNDBHO
NpOCTPAHCTBEHHO-BPEMEHHOH CNCTEMDBI

PaccmoTpuM safgaHHYi0 MeCTHYIO TpPeXMepHyH cucteMmy
KoopJauHaT (Hanpumep, NPSAMOYTOAbHYIO) U AONOJNHHM ee,
Kak 3T0 OHJIO cesiaHo B npeubliyllleM naparpade, 10 npo-
CTpaHCTBeHHO-BpeMeHHONH cucrembt K(x, y, 2, ). Caeno-
BaTesJbHO, OyJeM cuuTaTh, UTO B Kaxjo#l Touke P(x, y, 2)
cHCcTeMbl HaxonuTcd Habaionartesb, CHabGXKeHHBIT HOpManb-
wbiMu yacamu U. Kak 3Ty yacwt mocrabJjleHbl, noka 0Oespa3s-
JIHYHO, JHIIb OBl TOABLKO HX XOJ YAOBJETBOPHAN MOCTYJATy
NPUYHHHOCTH [ BpeMennOil MOCAENOBATEALHOCTH COOHI-
thil. [Tocnenyomue paccyxnenus OyLyT OIHHAaKOBO TNpH-
roAdb H A8 <«KJaCCHYeCKOros» cJyuyad CKOJb YrofHO Obl-
CTPBHIX CHTHA/M0B, H AJA «PEeAATHBHCTCKOrO» CcJydas CHI-
HaJIOB C OrpaHHueHHOH CKOPOCTbIO pacmpocTpaHeHus (cp.
ctp. 128).

[Ipocnenum 3a xakUM-HHOYIL (H3UUECKHM sIBJIEHHEM,
HanpHMep 3a [BHXKeHHeM MarepHaJ/bHOR wvacTHusl M u3
cuctembi K (puc. 33). IlycTb 312 yacTHua NPOXOLHT uepe3
3ajanHyw Touky P(x, Y, 2) B MOMEHT BpeMeHH {, OTCYUTHI-
BaeMuld HabnroaTteneM, HaxoxsmuMmcs B P, 1o cBoum
«MecTHeiM» yacaMm, ClenoBatesbHO, 3T0 (PuU3HUECKOe cOOHI-
tue E ompenessieTcsa Tpems NPOCTPAHCTBEHHBIMH KOOpJIH-
HatamMu (X, ¥, 2) ¥ ORHOH BpeMeHHOH KoOpmUHATOR ¢,

Jns nonuoro onucaHust ABHKeHHst yacTuusl M OTHOCH-
TeJIbHO cHcTeMbl oTcueta K [0CTaTouHO yKasaTh, B KaKoi
Touke P uactnua M GyneT HaxOHUTbCA B MOMEHTH MeCT-
Horo Bpemenn f Torpa xaxpomy 3nauenuio ¢ 6yner coot-
BeTCTBOBaTb BIIOJIHe onpejeneHHas Touka P. Maremarnye-
CKH 3TO Bhipaxkaercs chaenyooliuM o6paszoM: moJgoxkenue P
yactuubl M JonxHO ObiTh 3agaHO B BHIe GYHKUHH
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P=P({), 1. e. bpyHKIHH, 3aBHCALIeH OT BpemeHH f. Tak Kak
Kaxpas Touka P HMeeT onpejesieHHEle NPOCTPaHCTBEHHbIE
KOOpAMHATH, TO 3TH KOOPJHHATHI TaKXKe [OJKHH ABJIATHCH
(PYHKUHUAMH BpeMeHH, T. e.

x=x(), y=y@t) z=z(). (1)

DTy ypaBHeHHs nBHMKeHHs uyacTHusl M (OTHOCHTENBHO
cucTeMbl orcyera K) nmo3BosiSiOT ONpeesHTh, B KAKOM Me-
cre P(x, y, 2) wactuuna M HaxomuTCcst B MOMEHT BpeMeHH {.

z

z(t)

Puc. 33.

8

CnenoparenbHO, 3TH ypaBHEHHA TOJHOCTBIO OUPERENAIOT
ABHXKeHue yactuunl M.

KutemaTnky (yueHHe O HBMIXEHHH MaTepHaJbHHX Tend
HJIH CHTHaJoOB) co BpeMmeH HbloTOHAa NPHHATO OMHCHIBATH
HeCKOJIbKO HHaue, a HUMeHHO eeomeTpuuecku, Tloscuum »10
CHagana Ans [pOCTOTHl Ha CAyyae NPAMOJMHEHHOro ABH-
xenus. Ecnu TpaekTopuio 3TOro IBHXKEHHA HUPHHATL 2a
ochb X cHcTeMbl koopaunat K, To npuxenue Gymer onpe-
IeasTbCsl OJHHM-eHHCTBeHHBIM YpaBHeHHeEM

= x(?). (1)

CnenoBate/JbHO, B MOMEHT BpeMeHH ! yactHua M Haxo-

AHTCA B TOYKe x=x(f) OCH X; KOODIHHATH Y H 2 paBibl
HY 10,

Iaa onucanus siBNeHuli B TAKOM OOHOMEPHOM X-TIPO-
CTPaHCTBE BBOAHTCS  OBymepras cucTeMa KOODAHHAT
K(x, 1), onnoit ocbio KOTOPOIl sBAsieTCA YNOMAHYTas Npo-
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§ 6 [MOKOF M IOBMXEHUE

CTPaHCTBEHHAA OChb X, a BTOPOH OChI0 CJOYXKHT OCb 8pe-
menu 1. Hauvanpnas Ttouka O (x=0, f=0) ycraHaBju-
Baerca npoussoabHo. Ha puc. 34 usobpaxena Taxas cH-
cTeMa C B3aUMHO HepHeH/UKYJISpHBIMH ocsanMu x u £ C Ta-
KHM J€ YCIHeXOM MOXHO Obl10 Obl B3fiTh KOCOYTOJAbHYIO
c#CTeMy KOOPAHHAT.

Eenn E ecTb cobulThHe B npocTpaHCTBEHHO-BpeMeHHOMH
cucreMe K (IpoCTpaHCTBEHHO OXHOMeEpHOH), TO emy Ha

¢
3]
e
/- f(zt)
£
el t
| =
7 z
Puc. 34

pHc. 34 cOOTBeTCTBYeT TOYKQ MJOCKOCTH (X, I) C KOOpHH-
naramu x u £ [lostomy Oynem o60sHauath 3T0 COOBITHE
Tak: E=E(x,1).

HOpa cobeitusi Ey(xy, ¢) n Ex(xs, ) coBmanaior, ecjau
OHH HMEWT OIHH H Te Xe KOOPAHHATH (X1=Xy, §i=10).
OAByM pasnuuHeiM cobeitusiM Ey 0 E; cOOTBETCTBYIOT pas-
AMYHble TOuxi MjockocTH. CrenoBaTesibHO, MBl HMeEeM OTO-
fpaxeHne MHOMecTBa Bcex coObiTiii E B X-ipocTpaHcTBe
lla MHOXKeCTBO BCeX TOUEK KOODAHHATHOH IJIOCKOCTH (X, 1),

PaccMoTpHM Ba NPOH3BOAbHBIX cobbiTna E; u Es u co-
OTBETCTBYIOLIHE UM TOUKH (X1, 1) U (X, f). Ecau cobeitna
[IPOUCXOIAT 8 OOHOM U TOM JKe MecTe, TO X;=X; W OTBe-
yawilie UM TOUKH JexaT Ha BepTHKa/IbHON NpsaMofl, na-
paasenbHofl ocd f («IpsiMast COBNAafaloIHX IO MECTY CO-
6uiTHit»). Hanpotus, ecan coGbITHSE MPOUCXOAST B PasHBIX
mectax (x;7#X3), HO OJHOBDEMEHHO, TO OTBedalolihe HM
TOUKH JexaT Ha TOPH30HTAJ bHON npsiMofl, napanjenbHol
oCH X («mpsiMasi OLHOBPEMEHHBIX COOBITHI®).

IIpocTpaHCTBEHHOE pacCTOAHMe MeXAy cobbiTusaMu Ey u
E. paBHO pa3HOCTH

Ax = xy— x;
143



£J. II. BPEMYJ

HX NPOCTPAHCTBCHHBIX KOOpAHHAT, a Bpemexmée paccTod-
HHe — pPa3HOCTH
Af == llg - tl

HX BpeMeHHBIX KOOpliHaT.

PaccmMoTpuM Teneph TOUKH, onpenessieMble ypaBHEeHHEM
(1") nmBuxeHus uactuubi M. B MomeHT BpemeHu ¢ npo-
CTpaHCTBeHHas KoopauHata udactuiuel M paBHa x=x({).
IToMy cobuiTiio («uacTvya M NpPOXONMT B MOMEHT Bpe-
MeHH ! uepes TOUKy x=x(f)») COOTBeTCTBYeT Ha puc. 34
tTouka E ¢ KoopnuHaTamMu x=x(f) u f, KOTOpyIO Oyinem
Ha3bBaTb «TOUYKOH HacTynjeHuss cobOpITHA», Mau, CJerys
DHHIITEAHY, «MHPOBOH TOUKOMH>».

C BospactanneM BpeMeHH ! «MIUIPOBasi TOYKa» MeHsSET
CBOE TIOJIOXeHHe B IJIOCKOCTH X, ¢ (pHc. 35), onuckiBas npu
3TOM TaK Ha3blBaeMVyI0 AURNIO cODLTUl, UAH MUPOBYIO AU-
HUfO, ONpenessaloulylo CBOMMH KOOpAHHATaMH MeCTO W Bpe-
ma curiana M. Ecau npu nomoiin puc. 35 MBI 3aXOTHM
ONpeAeJHTb NOJOMEHHe X ToukH P, B KOTOPYIO HBHXKY-
masca gactuua M NpUXOANT B 3ajaHHbll MOMEHT Bpe-
MenH f, TO NOJXHB OyneM IHOCTYNHTb caenywouMm ofpa-
som. OT™MeTHM Ha OCH f{ TOUKY C KoOpmHHaToil ¢ u npose-
JleM uepe3 3Ty TOUKY TOPH3OHTaJbHYIO NpsiMyio, DTa upa-
Maa n3o0paKaeT Bce Te COOBITHS, KOTOpblE HaCTYNamT
B OJIMH M TOT Xe MOMeHT MecTtHOro BpemeHu £ [lpoapos-
KUM 3Ty TOPH3OHTaJbHYIO NPAMYI HO IepeceueHHsi ¢ MH-
poBoit squHMed aBMXKYyuedca uyacTuust M B Touke E(x, f).
Koopaunata x TOWKH nepeceveHlst onpejesuT IPOCTpaH-
CTBEHHOE MNOJOXeHHe x=x(f) yacTHusl M B MOMeHT Bpe-
MeHu 1.

Tak xak uwacruua M B KaXablfi MOMEHT BpeMedu f Ha-
XOJUTCA BO BIIOJIHE ONpejeJeHHOM MecTe, TO YNOMAHyTas
npsiMast repeceKkaerT MHPOBYIO JHHHIO uacTiubsl M TOJBKO
B 00#O# TOuke. DTO c/lenyeT TakkKe H3 TOrO, YTO BpeMs
Npy [BHXKEHHH CHIHANa Bo3pacraerT (MOCTyJaT HpPUHYHH-
Hoctu!). CnenoBatenbHO, MUpoBas JuHHUS X=x(I) CUrHanaa
BCE BPEMsi MOHOTOHHO NMOAHUMAETCH K8epXy.

Hanporus, BepTika/bHble npsamble, napajnenbHele OcCH
BpeMeHH, MOryT nepecekaTh MHDPOBYIO JHHHIO X=x({) cHuT-
Hada M B HeckKoabkux ToukaX. Koopa1iHaTel BpeMeHH TO-
YeK [epeceveHust ONPeAeNdiOT Te MOMEHTHl BpeMeHH, B KO-
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§ 6. [TOKOW 1 NBIXEHUE

Topele curHan M HaxomguTCs B paccMaTPHBAaeMOM MecTe.
MupoBas JHAHA cHTHajsa M MoXeT jae coBnajath C /-
Huell, 1/ KOTOpOH LOOpAMHATa X NOCTOAHHA. DTO TNPOHC-
XOIHT B TOM CJayuae, Korjia uacruua M noxkouTcAa OTHOCH-
TeJBHO cucTeMsl K.

IosicHNM cKazaHHOe HBYMS NpHMEpaMi.

Myerb yactuna M B moment Bpemenu =0 Haxoantcd
B touke x=(. CjenopatesqbHo, 3T0 Haua/apHoe colbiTae

¢

¢ M /
£
¢
U f
7 z(0 z / 7
Puc. 35 Puc. 36.

nzobpaxaerca Hauatom KoopauHat O cucremul K (puc. 36).
Ecau  uwactuua M OBHXKETCH C NOCTOAHHOL CKOPOCTbIO
u Mfcex, TO B TedeHue f CeKyHI OHa INPOXOJAHT NyThb X,
paBHBEI NPOU3BeeHHIO CKOPOCTH Ha BpeMs, T. e.

X =ut. (2)

ATo ypaBHEHHe MNOKAa3kHBaeT, YTO MUPOBHE TOUKH L 1BH-
JKEHHs JlexKaT Ha NpPpAMON JAMHHMH, UHpOXoAALied yepes
Haya/jg0 KoopauHat x=17{=0; «nodses» 370l JUHHH onpele-
JASeTCS MOCTOAHHBIM OTHOINEeHHEM KOOpIHHAThl ! K KOOpAl-
Hate x!). ClenoBaTennHo, 5TOT NOILeM paBeH f/x=1/u,T. e
o6paTHOMY 3HaueHut0 ckopocTu. [1pn aBuxeHuu cureana M
COOTBETCTBYIOIAas MHUPOBas ToukKa E nepemeliaercs BLOJb
yKa3aHHOIl npsMoit MUpOBO# JHHHA.

') 3To oOTHoWeHHe Ha3blBaeTcsd TaKke YIVIOBHIM KO3(D(HUHEHTOM
npaMoit (2). — Ilpum. ped.
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[J1. I1. BPEMY

Bce nBMKeHHA, HMeOUNe 3aJaHHYI NOCTOAHHYIO CKO-
pocTb, H306pa)kaloTCsa ceMeficTBOM MNapaa/enabHbiX MHPO-
BHIX JHHUE C OXHHM H TeM e noubemoM l/u. Ecam u=0,
To uyactnuna M HaXoaUTCs B MNOKoe; ee MHPOBOH JHHHEH
fyner mpsiMasi, Dapanjennias ocH [ H mpoxomsias yepes
COOTBETCTBYIOUIYIO TOYKY och X. Uem OBHICTpee HuBMIKemie
yactubl M, TeM «ropH3oHTa/AbHee» ee «MHPOBaf NMpsiMam».

B xauectBe BTOpOro nprMepa pacCMOTPHM KaMeHs, Opo-
IIeHHBIT B MOMEHT Bpeme#H f=0 BepTHKaJBLHO BRepx CO

t

Y
g
Y
g
T x
g
Puc. 37

cKopocTbio . CorJlacHO 3akoHaM KjaccHuyeCKOH GpH3MKH, Ta-
Koli KaMeHb uepes ! CeKYHJ [HOCTHraeT TOYKM, BbiCOTa KO-
TOpo¥l Haj TNOBEPXHOCTbIO 3eM/IH ompenenasercs HopMyiioir

2
—ut— &, (3)
rie g, paBHoe npubausutenabno 9,81 m/cex?, ecthb yckope-
HHe CBOGOAHOTrO najeHHs. Mbl BuuM, uTO BHICOTa X cHa-
yaja BO3pacTaeT, AOCTHraeT MaKcHMyMa u?)2g uepesz {==
=u/g ceKyHa, 3aTeM YMeHblIaeTcs H B MOMEHT BpeMeHH
t=2u/g ctaHOBHTCH ONATh paBHONl Hyqwo. ChenoBaTenbHo,
B 5TOT MOMEHT BpeMeHH KaMeHb BO3BpailiaeTCs B CBOE Ha-
yaspHOE NOJOXKEeHHe.

B cucreme KoopauHat (x, £) 3TOMY IBHXEHHIO COOTBeT-
cteyer napabodaa (puc. 37), onpepeaseMas ypabHe-
nuem {3) (uonuepkHeM, UTO JBHIKeHHe NPOHUCXONHT B Ha-
npasiieHdn ocH x). [IBMxeHHe KaMHs HepaBHOMepHOe, €ro
CKOpPOCTh M3MeHsieTCsl C TeueHWeMm BpeMeHH. Bcaexncrbue
HepaBHOMEDHOCTH CKOPOCTH MHpOBasi JIHHHMS paccMaTpH-
paemoro cobuitust (mapatona) He NpaMOJUHelHa.
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§ 6 MOKOM M IABMXEWHME

PaceMOTpnM Tefiepb KPHBOJIHHERHYI0 MHPOBYIO JHHHIO
tena M, usobpaxennyio na puc. 34. [lycth B MoneHT Bpe-
Menu f=1{; teno M Haxoxutcst B Touke x=x; (cobGeitne E}),
a B MOMEHT BpeMeHH f=f (>f) — B TOUKe X=x, (cOOBI-
te Ej). CienoBarensno, 3a NPOMEXYTOK BpeMenu Af=
=1ly—{f; Teno M npouwsio nyre Ax=x,—x;!). OTroumenne
Ax/At onpenensieT cpedHiOI0 CKOPOCTb IBHKeHUS B NpoMe-
*KyTke Bpemenu Al Eciu npomexyTor Af yMenbiuiaercs, TO
H3MeHAeTCs NYyTb AX, a TakXe cpenHss CKOpocTh Ax/AL
B cnyuae npaMosnHefHONl MHMPOBOH JUHHH, APYTHMH CJO-
BAMH I/11 DaBHOMEPHOro [BHXKEHHS, Cpelddsd CKOpocThb
COBNAJaeT ¢ «MIHOBEHHOH CKOPOCTBIO».

Cpeanas cKopocTb onpejessieTcss 06paTHHM 3HadeHHeM
noxveMa orpeska EE,. Ecau f, npubanmxaercs K 3Haue-
HUIO f;, cjeloBaTenbHO, Touka L. upuauxkaercs K TOu-
ke Ej, 10 oTpesox E E, (xopna Wan cekyulast MHpOBOf JH-
HHHM) TOBOpauMBaeTcs BOKPYr Touku E; W B MOMeHT Bpe-
MeHH lp={; NeDeXONHT B KACATeAbHy0 K MHPOBOH JIHHUH
B Touke Ei(x1, t1). Takum o6pazoM, obparHoe 3HaueHue
nodsema KacareAbHot K MUPOGOU AUHUL PABHO MeHOBEH-
HOU cKOpOCTU O8udcenus 2y,

1y Ipeanonaraercs, yTo MeXAy MoMeHTaMH f) & fy Teno M nBuraer-
€51 N0 NPAMON B OJHOM (M NPHTOM NOJOXKHTE/bHOM) HallpaB/eHuH, T. e.
uto x3>x1. — [pum. ped.

2} Ias uutatens, sHakoMoro ¢ AnddepedunaJbHbIM HCUHCJCHHEM,
STOT De3Y/IbTAT MOKHO BBIPAa3HTb KOPOUE: MZHOBEHHAA CKOPOCT6 TOHKL
M e moment spemenu t pasuwa npoussoonod dxfdt or nyru x=x({)
no epemery . Tlpn 6pocaHuH KaMHS BEDTUKANLHO BBEPX €ro JIBHIKE-
HHe onpenensercsi ypasHenuem (3). Cocrasus npoussomuyie dx/d¢, mul
NONyYHM LJiA CKOPOCTH 3HaueHHe o — gf. B stoM MoxHO yGenntses
TaKKe djeMeHTapHBIM nyTeMm. B camom Jene, npu paccmatpmsaeMowm
ABUKEHHH, NPOMCXOJsiLleM fojA RefCTBHEM HAnpas/eHHON BAOJL OCH
X CHNb TPHTAXKeuns 3emJan, yckopenue (MpupamleHie CKOPOCTH B OAHY
cexyily) PaBHO —g; C/e10BaTe/bHO, Haua/ibHAsi CKOPOCTb, paspas u,
B TevenHe ! CEKYHI YMEHbIAeTCs Ha gf, T. €. uepes # cexkyHn ona
CTAHOBHTCA paBHOH u — gt.

[lpefnaraem 4HTATEMI0 BHIYWCJAHTL TAKXKE CPEAHIOID CKOPOCTH
Ax/At. OHa noayvaercs M3 ypasHeHHs (3) s/eMeHTapHEIM NyTeM, 6e3
npuMeHeHHs AHGQeDPeHIHaIbHOro HCUHCIeH . BHINONHMB Bhtunc/eHs,
yHTaTeNb TNOJYUHT 3Hadeuke u — g(f+14)/2.

ITpu npubimkenun ¢ K #; MoJyYaercs npejaesbHoe 3Hadenue u-— gt
{MruoncHHast CKOPOCTb B MOMEHT BpeMeHw f=1),
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DToT BHIBOA TaKKe HarisaHo ouepuneH. [lis oueHp Ko-
pPOTKOro MnpoMexyTka BpeMeHH (I, [) MHUpOBast JuHud
NOYTH COBIlajaeT CO CBOeH KacaTeJbHOH B TOuKe (X1, fi).
CrnenoBaTtenbHO, ecii jJiss Takoro HeGOJbIIOTO NPOMEXYT-
Ka BpeMeHU Mbl 3aMEHHM MHDOBYIO JIHHHIO TOAbKO 4TO yKa-
3aHHO! KacatesnbHOH MHPOBOH NpaAMOH, TO CKOpPOCTb B Te€-
yeHHe STOr0 NPOMENYTKa BpeMeHH OyneT HOCTOAHHOL,
a JBHXeHHe paBHOMepHHM. Torgma ckopoctb Ax/Af 6y-
neT paBHa o6paTHOMY 3HaueHHIO HOAbeMa KacCaTelbHOH H
Byner coBnanaTb ¢ MCHOBEHHOH CKOPOCTBIO B MOMEHT Bpe-
MeHH f=1,.

Ho cux nop Mel paccMaTpHBaJ¥ A NPOCTOTB TOJIBKO
IBHXKEHHs B ofHOMepHOM npocrpancTse. IlepeitneM Ttenepn
K eBKJHIOBY O08ymepHomy npocTparcrey. TOUKH 3TOrO mpo-
cTpaHCcTBa OynyT OnNpenensaTsCad HBYMA KOOpDAHHATAMU
X, Y OTHOCHTENbHO IBYMepHOH cucTeMbl koopaunat K(x, y).
Ecau B kaxnol ¢ukcupoBanHo#t Touke P(x, y) cucrems K
6yayT rnoMelieHsl «HOpMaJbHLIE Yachl» NI  H3MEPeHHH
MeCTHOTO BpeMeHH ¢ B P, To cucrema K npeBparuTcs B npo-
CTpaHCTBeHHO-BpeMeHHYIO cuctemy K(x, y, ).

Oast Toro uTto6u u300pa3urb cobbiTHe (MHPOBYIO TOU-=
Ky) E(x, y, f) reomMeTprHyecKH, MOCTYNHM TaK e, Kak
6b10 clenaHo Bolime. B HauanbhOl Touke x=y=0 eBKJH-
JIOBOY TJIOCKOCTH (X, Y) TpoBedeM ocb gpemeru i, Hampa-
BHB ee MOJA npsaMbM (HIH KakKuM-HUOYyAb ADYTHUM) YIJIOM
K maockoetu (x, y). Tpu ocu x, y, £ onpenensiior Tpex-
MepHYyIo cucteMy KoopauHat K (x, y, f). Kaxnomy cobu-
tuto E, npoucxonsiieMy B TouKe (X, y), COOTBETCTBYeT B
aTOH TpexMepHoil cucTeMe Touka E(x, y, t) (puc. 38). Koop-
AMHATH X, Y ONpelessiioT TO MecTo P, B KOTOpOM B MOMEHT
mMecTHOro BpemeHH { (B P) npoucxogur cobuitue E.

MHUDOBBIMU JHHHAMH COOBITHH, NPOHUCXOLALUIHX B OQHOM
H TOM e Mmecre, Mo-mpexHeMy aBAAIOTCA MNpsaMble, Ha-
paasenbHbie ocH BpemeHH. Odwospemerrbie [0OTHOCHTENBHO
cucteMbl otcyeta K(x, y, )] cobeitua E jexar B miao-
CKOCTAX, MapajfesbHbiX MJ0CKOCTH (X, ).

MupoBble JHHHH PABHOMEDHO ABHXKYIIeHcA MarepHasbs=
Hoil uwactuust M mo-mpexuemy npamble. CxopocTb Mare-
pHaibHOil yacTHub M onpepensieTcs, Kak 3TO JE€rko BHAETh
u3 puc. 38, caenyomum obpasom. Ilycts Ei(xy, ¢y, &) H
E;(x3, Y2, t2) CyTb jBe TOUKH paccMartpupaeMoii MHPOBOH
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§ 6. [TOKOV M OBMIKEHIIE

miani. Tlpoexuuamu «muposoro orpeska» E,E, na ocn
KoopinHat GyayT
Ax=uy—x;, Dy=y,—in, At=14—1 (£ < to).

llpocTpaHCcTBeHHOe paccrosiHie As Mexay coGbi-
tusimu E; u E,, coraacHo Teopeme [ludaropa, 6yaer paBHO

As =V (AxP + (Bg)™

AfconoTHOe 3HaueHue CKOPOCTH DPABHO 4aCTHOMY OT JeJje-
Hus NyTH AS Ha BpeMsa Af, T. e.

_L\__.M:]/m

At T Al Ay AL

C/le/0BaTeNbHO, CKOPOCTb MaTepHaabHOH usacTuusl M mo-
nAyuaercs no «npapuny Ilugaropa» u3 BeHUHAH Ax/At u

¢
&
4;‘ .,
£ L2
Togeay
z

Y

Puc 3% Pue 39

Ay/At, paBHBIX CKODOCTAIM NpoeKuiii dactuubl M Ha ocu x
H y chuCTeMbl KoopauHat P(x, y).

Ecau asuxenne yactHus! M HepaBHOMepDHOe, TO ee MH-
poBas JHMHHA yxe He Oyrer upsamosneiinoil. Tenepr ona
«IOJHHMaeTca» KBepxXy, B HamnpaBaeHHH BO3PacTaloOmUX
3gadeHHl f, TakK, Kak 3T0 NMOKa3aHo, Hanpumep, Ha puc. 39,
306 paxkalomeM caydail ABHKeHHS dacTHiel M 1o oxpyx-
HocTH Y, Jewxauielt B njockoctu (¥, y). Muposoil auuuei
37O YacTHubl SABASIETCH BUHTOBAA JHHHA, HPOEKIIUS KOTO-
poii Ha nJocKocTb (X, y) coBoajaeT C OKpyxHocteio Y.
DTa BUUTOBAA JHHHA JEeXKHT Ha LHJAHHIPHYECKOll nosepx-
HOCTH C OCHOBaHHMeM Y W ocblo, mapasaeabHoll ocu ¢
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rji 1. BPEMY

MrHoBenHas ckopoCTtb uacTaub! M mo-npexmevy onpe-
jenaeTcst KacateabHoll K MHpOBOI JIHHI,

C ToukHu 3peHHs (PHU3NYECKOl AEHCTBHTEJILHOCTH HAC
foablle BCEro HHTepecyer KHHeMaTHKa B TPEXMEDHOM
eBKJAMJIOBOM npocTpaHcTBe K(x, y, z). Ecau Mb 3aX0THM
NPHMEHHTE H3J0¥eHHbH Bbllle cnocol NPOCTPaHCTBEHHO-
BPEMEHHGrO onHcaHua [ABIIKeHu#, TO HOMKHBL Oylem BBe-
CTH 4YeTHpexXMepHYW nNpOCTPaHCTBEHHO-BPEMEHHYIO
cucremy K(x, y, 2, £). Cobuitia £ GyAyT «TOuKamMu» B 3T0il
yeTHIpeXMEePHOH cHCTeMe, ciaegoBaTeabHo, OynyT onpese-
JIATHCA YETBIPLMA KOoopIuHaramit, H3 KOTOPHIX TPH INepBble
{(x, y, z) OyayTt ykaseiBath MecTo cobweitus E, a uersep-
Tas (/) — MecTHoe BpeMd cODOBITHA.

ITOT ueTHpexMepHblil MHP COOBITHHA He JomycKaer ecTe-
CTBEHHOIO Ha2AA0HO-2e0METPUYECK020 NpeacTaBaenns. Tem
He MeHee coBpeMeHHas (Pu3UKa H B OCOOEHHOCTH TeOpHs
OTHOCHTEJBHOCTH TpebyioT paccMarpuBaTbh MHD cOOBITHIl
Kax ueThlpexMepHOe <«IPOCTPaHCIBO», TPH H3MepeHHs Ko-
TOPOro ONpenessdioT MeCcTOnoJoMXKeH#de cOoObLITHA, a wergep-
T0€ u3mepexue — BpeMs cobblTHsi. B 3TOM TpencraBJaeHHl
HeT HHuero Muctuueckoro. Yerpeproe usmepenue cheayer
NOHMMATh Tak, Kak 3T0 Oblio NonpoSHO  H3J0KEeHO
B § 12 ra. I. Mup dusnuecknx codwiTuil sBnsercs HanGonee
MpHMeyaTebHbIM TONKOBAHHEM UEThHIDeXMeDHOH reoMerpii.

§ 7. Napanokenl BpemMeHu

Axuanec 1 uepenaxa

CoofpakeHus, H3JOXKeHHble B NpeAbAyLUIX Naparpa-
(hax, NMO3BOJSIOT Pa3bACHATL HEKOTOPbi€ BOMPOCH], BO3HHK-
UiHe B CBA3H C fpobsaeMoOll MOHATHA BpeMeHH. XOpOLUO H3-
BecTeH mapanoxc rpegecxoro coducra 3enona ob6 Axua-
nece u udepenaxe. bbio OB HEOCTOPOXXHO paccMaTpHBAaTh
3TOT NapaloOKC TOJbKO Kak Kasyuctuxy. B HeMm coaep-
JKHTCA nIpHMeuaTeJbHast HOes, H C TOUYKH 3peHUs paccMa-
TPlUBaeMOll HaMH TeMbl YMECTHO KODOTKO Ha HeM OCTaHO-
BUTBCA.

[Tapanokc 3eHoHa OCHOBaH Ha CJEAYIOILEM MBICJEHHOM
sKcrepuMenTe, DBoicrpoHoru#t Axuisec mpecjenyer Men-
JeHHO NOJ3YUIyIo uepenaxy. 3eHOH yTBepxjaaer, 410 AXHi-
JleC HUKOTHa He NOTOHHT 4Yepenaxy.
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§ 7. MAPAZLOKCDI BPEMEHIT

Ilns nokasatebCTBa CBOGFO YTBEPXKIeHHst 3eHOH pace
cyxaaer caeayiomum obpasom. Ilyete Axuanec Hauusaer
cBoil Ger B Touke A, a uepemaxa B 3TOT MOMEHT BpeMelN
Haxoputcs B touke A; (puc. 40). Korma Axuanec goctu-
THeT TOYKH Ay, uepenaxa OyHeT HaxoauTbcd B TOuKe Ao,
Korna xe Axuanec npubexuT B TouKy A, uepenaxa oxa-
KeTcst yiKe B Touke Ay, M T. 4. DTO pacCykaellHe MOKHG
IIOBTOPHThL HeorpaHiuedHoe uucao pas. Ilpasna, nocaeno-
BaTeaphuie paccrosinns AA,, AA,, AsAs, ..., yKasuBaw-
uyfe, HaCKOJbKO uepernaxa HaxoAHTCs Bhepean Axuiieca,

4 A, A, A; B

Pic. 40.

CTAaHOBSITCSl BCE MeHbIle H MeHbllie, HO TeM He MeHee uepes
naxa Bcernxa xHaxonutcs mrepean Axuageca. Cregosa-«
TeJbHO, 3akiiodaeT 3eHoH, AXuiiec HHKOrLa He JOFOHHT
yepenaxy.

Jlerko BBISICHHTB, B UeM 3aKJA04aeTcst OLIHGOYHOCTHL 3a-
kaioueHns 3enoHa. Ilyctb paccrosune AA,; paBHo, Hanpi-
mep, 100 meTpaM, a ckopocTn AXH/eca W uepenaxu Nycth
paBHBl cooTBercTBenHo 10 u 1 m/cex!). Torma Axunaec
uepes 10 cekyHx nocturHeT Toukn A, B teuenue sTorO
npoMeXyTKa BpeMeHH depenaxa npomnonser nytb A;A,=
=10 m. Eme uepes onny cexynay Axuanec Gyuaer B TOu-
ke A, a uepenaxa— B Touxe A npuueM oTpesox A.A;
6yner pasen 1 m. Tloanoe Bpemsa, Heo6xoanmoe Axuanecy
AJsT JOCTHXEHHS TOUKH A, a uepenaxe ana JOCTHXKeHHS
Toukn As, paBHo 11 cexyHmaM. AHaJlOrHuHBIM 06pazoM Mbi
yBuiauM, uro uepes 11,1 cexkyHael Axuanec 6yaer B TOU-
Ke A; a uepemaxa — B Touke A, npuuem paccrosune AsA,
coctasut 0,1 m=10m, u T. .

Paccrosnne AA, Axuanec npoGexut B TeueHue f,=
=]1,1... 1 CexyHH; uUHMC/I0 egHHHI B 3Toll AecaATHYHO
apobu paBHO n. 3a 3TOT MPOMEXKYTOK BpEMeHH yepenaxa jao-
CTHrHeT TOUKH Anyy. JuuHa orpeska AA, pasna 111,1...1
MeTPOB, NMpHYeM B 3TON NeCATHYHOH APOOH YMCJO eaHHIL

1} Ilpu nocrpoenuu puc. 40 mis HarASAROCTH NPHHATO, YTO CKO-
pocte Axuaneca 0GO/bLIE CKOPOCTH YepPellaxH TOJbKO B ABa pasa.
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onsare”paBno n. Ilpu yeeamuenun n (n=1, 2, 3, ...) pac-
crosiie AA, BO3pacTaer, ONHAKO, HE HEOSPAHUHEHHO: OHO
npubnuxkaercs K npedeasHomy oTpesky AB, njnHa KoTo-
poro BeIpaxaeTcs InepHoaHdeckoll OecKoneduHO!l necsTHY-
Hol xpobeio 111,11 ... uau, B BUme mpocToii apodu

-M%)Q- =111/, merpa.

COOTBETCTBEHHO PacTyT M NPOMEXYTKH BpeMeHu £, f, ...
...y In, HO H OHH IPHUOJAHKAITCA K KOHEUHOMY npedeis-

HOMY 3HauYeHHIO
t:ll,ll...:lgﬂzll‘/g CEeKYHIbL.

Otcroga caenyet, 4to uepes 11/ cex mpoucxoaur ToO, yero

H Hano OBJIO OMHAaTh: AXujsdec [OroHseT uepenaxy,

a4 HMEHHO B TouKe B, paccrosiHHe KoTopo#l 0T Touku A

paBHO AB=111'/y m.

Taxum o6pa3oM owmHGOYHOCTL NMapajnoKca 3aK/Jaruaercs
B HenmpaBU/ABLHOM NDUMEHEHHH CJIOBa «HiKkoz0as: <Axuinec
Huxoeda He NOTOHHT yepenaxy». IlpaBna, uucuao paccmart-
pHBaeMLIX MOMEHTOB BpeMeHn HH<l<...<f,< ... Gec-
koneuHo. OpHako BpeMsi [, pacTeT He HeOrpaHHUEHHO:
NpH YBeJINUHBAMOLIEMCH 1 OHO NPHOIMNKAETCS K KOHEHHOMY
npejlenbHoMy 3HaueHuio, paBHomy 11'/y cex. Taxum obpa-
30M, NOJHAast IJAHTEeNbHOCTb OeckOoHeuHo OO/BLIOTG uMcia
NOCJe0BaTe/IbHBIX IPOMEXYTKOB BpeMeHH KOHEYHa U pab-
Ha 11t/ cex.

ITockO/bKY HECKOJILKO pa3 Mbl Y€ 3aHHMajgHCh MbIC-
JIGHHBLIMH 3KClepuMeHTaMHu, Oyner uenecoobpas3Ho 1upo-
RECTH elie OMMH Takolfl KcnepuMeHT, 0COGEHHO MPUTrOAHBII
AJ1si MIOSICHEHHs OeccHopHOH HOYUHTENbHOCTH Tapanokca
JeHoHa. Boo6pasnum, 4TO MBI NPHCYTCTBYEM TpH COCTs3a-
gHp Axuasieca ¢ uepemaxofl B KaueCTBe HeNONBHIKHBIX Ha-
6mionateneli ¥ NPOM3BONMM YyKa3aHHOe Bbllle H3MepeHue
BpeMeHH 10 MMEWIHMCS Y Hac yacaM. Bcranem satem ha
TOuKy 3peHust Axuasneca ¥ OyneM H3MepATh MJIHTEJIbHOCTb
pPacCMOTPEHHBIX INIPOMEMYTKOB BPeMeHU 00 €ro «CyGbek-
THBHOMY» TlepeX<iBaHHI0O BpeMeHH. Mbl Moxem cefe nmpex-
CTaBUTb, YTO HanpsixKeHHe Axusseca npu 6ere TakoBo, 4To
YKa3aHHbIE Bblllle MOC/AeJ0BaTe/bHble TIPOMEXYTKH BpeMme-
HH, KOTOpBle [0 HalleMy H3MepeHHI0 BpeMeHH COKpa-
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§ 7. TTAPAIOKCBI BPEMEHIT

Hla0TCA KaX{Aibli pas no ojHOH necaTofl mpeauecTBYIOUIEro
npoMexyTka, AXHI1JeCOM B €r0 CO3HaHUH [epeXHUBAIOTCH
KaK 00uHaKogo dauTenvHoie.

TTosToMy Bce 3TH TDPOMEXKYTKH OH OYHET OleHHBaTh
Kaxaell B 10 cexynn. Takum o6pazoM, njis NPeONOJIEHHSA
paccroanus AA, Axunnecy norpefyercs no ero «CoGCTBeH-
Homy u3MepeHnto» 107 cekyHA, T. €. NPOMEXYTOK BPeMeHH,
KOTODHI{T TpH BO3pacTalolleM 7 CTaHOBHTCA CKOJIb YTOJHO
GoabmnuM. Torga B Hautem NpPOMeXYTKe BDEMEHH, paBHOM
111/, cexynnmm, n1s Axunneca Oyaer colepxaTbCa BeA
fecKoHeuHast NPOTAKEHHOCTb BPEMEHH, BCH €ro BeuHOCTh.
Ecau, nanee, Mol npeacTaBuM cebe, 4TO Kil3HeHHble (QYHK-
uun AxH/aseca BCjaeACTBHE YTOMJEHHS YCKOpAIOTCHA, HalpH-
Mep, yacToTa €ro nyJbta B KaX/0M [0C/e10BaTeJbHOM
HHTepBaJie yBeIHUHBAaeTCA B NeCsATh pas, TO Torja 3axJio-
yeHne 3eHoHa Oblio Obi NpaBHJAbHBIM: AXuJIec HHKOrIa
He jAorHana Owoi uepenaxy. Ecam npogonKuTesibHOCTb €ro
JKH3HM KOHeYHa, TO OH JoJuKeH Obl1 Obl ymeperb nocae
TOro, Kak mnpofexan Obl ONpeliejeHHOE KOHEYHOe UHC/0
unteppaios AAy, A, ..., An_idn.

DTOT MBICJEHHBIA 3KCnepiMeHT MOXKHO paccMaTpHBaTh
Kak Hrpy BooGpaxeHusi. TeM He mMeHee OH OTKPbIBAaeT Iep-
CNeKTHBBH, KOTOpbie, BepOSTHO, MBI HE Cpasy yuuTbhiBaeM,
KOTJa pacCyXjaeM O BpeMeHH, HanpuMep, KOria HecKoJ/bKO
JETKOMBICJIEHHO TOBOPHM O <«BeYHOCTH», HMes [pH 3TOM
B BHIYy OeCKOHEUHYIO TIpPOTAXKEHHOCTb BpEMEHH B Hamnpa-
BJEHUH Mpollesllero WM B HanpaBiaeHuu Oynyuiero. B ca-
MOM jeJjie, BO3MOXKHO, YTO Mbl B Hallem JXH3HEHHOM NYyTH
nofo6HB AXisiecy, BO3MOXKHO, YTO H 3a HaM# HaG/M0Aai0T
KaKue-To 0oJee BBICOKOOpPraHM30BaHHble CyIiecTBa, KOTO-
pble B COOTBETCTBHH € HX «OOBEKTHBHEIM» IOHATHEM Bpe-
MEHH HaXOlfiT, YT0 Halla BeYHOCTb $BJAETCSt HHUTOXKHO
MajbiM MPOMEXKYTKOM BpeMeHH B UX Gosee WNpOKOH Bpe-
MeHHOH NPOTAXKEHHOCTH.

Torna ans 8peMeHHOl npOTANCeHHOCTU HMeno Gbl MecTo
TO e camoe, 4to OBLIO IS APOCTPAHCTEEHHOU NPOTANCEH-
HOCTU B TNpHMepe, pacCcMOTpeHHOM Ha cTp. 36. B camom
Jeje, B TOM INpuMepe «BGecKoHeuHOe» NPOCTPAaHCTBO BOOD-
pakaeMblX KUBHIX CYLIECTB, 3akJOUeHHBIX BHYTPH Wiapa,
OBIO TONLKO KOHEUHOH YacThio Hawezo 00Jee 1LIMPOKOro
npocTpaHcTBa.
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Samxuyrod mup coboiTull

B xkoHue npepbiayulefl riaBbl Mbl paccMaTpuUBaJd He-
OorpaHHueHHble, HO TE€M HE MeHee KOHeUHble NPOCTPaHCTBA.
[Tpumepom Taxoro oAHOMEPHOTO 3aMKHYTOTO NPOCTPaHCTBA
MOXeT cayXutb sksarop M 3emuan. Ha puc. 41 xupHas
rOpPU30OHTaNbHas JUHHAA H300parKaer 3KBATOp MpPH €ro MHO-
rokpatHoM o0xoze B TOM H Jpyrom HanpabjeHud. [ise
NOCJIeNOBATENBHO paclioNoXKeHHbe Touykn P uzobpaxaior

” -~
d AN
fo{
o o
zo{
P P p
;\/—/\ﬁ/_/
%]
Puc. 41. Puc, 42

OJHO H TO e MecTo 3xkBaTopa. OTOXKIECTBASAA B TakHe
TOYKH, Mbi KaxIblfl pas OyaeM MoaAyudaTbh HOJHYH IJIUHY
s3kpartopa M.

HononHaum Halle paccMoTpeHHe MPOCTPAHCTBEHHO 3aMK-
HyToro «Mupa» M uyrem BejeHust Bpemend. Jasa stoit
1enn mpoBeneMm, KpoMe NpOCTPaHCTBeHHOHM OcH, Tak¥e OCb
BpeMeHU H B NOJYUEHHOM TakKHM crnocoGoM JBYMEPHOM
IPOCTPaHCTBEHHO-BpeMeHHOM Mupe OyjieM onpenesstb Hpo-
CTpaHCTBeHHHle W BpeMeHHLle KOOpIHHaThl coObiTHH E. Mu-
poBoOll nuHKeH COOLITHH, NPONCXOAALHX B OLHOM H TOM Xe
Mmecre, 6yneT npsimas, napasjenbHas OCH BpeMeHH.

[Mpocnenym 3a cobuiTHaMH P, NPOHCXOAALIHMH B Ka-
KoH-HuOynb onpenesensofl Touke P skBatopa. Cpenn 3Thx
COOBITHH HMeWTCs TaKHe, KOTODble MEePHOJHUECKH MOBTO-
psawoTes. Hanbonee npumeuaTesbHbiM TaKHM BPEMeHHEIM
TIEPHOJOM SBJAAIOTCA CYTKH. Moryt 6vITh M ApyTHE NepHo-
Anyeckue aBaeHusa. Jlioboe JH1O, CTPOro MPHAEpPKHBAIO-
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ieecsl ONpPeAeNeHHOrO pAcnopsiika mHSA, BCIOMHHT MHOTO
TaKHX NepHOAHYECKH NTOBTODPSIOIUXCS COOHITHIL,

BooGpasum Tenepn, uTo MHp M TakoB, 4TO 6Ce COOHI-
T B HeM nepHOAHUecKH NOBTOpstoTcs. Toraa 3T10T MHD
OyneT 3aMKHYTLIM HE TOJNbKO B NPOCTPAHCTBEHHOM, HO H BO
BpeMenuOm OTHoweHuHn. Yepea onpeneseHHH npoMexy-
TOK BpeMeHH fp COOBLITHS B KaXXAOM 3ajaHHOM mecTe Gynyr
TOYHO mNOBTOpATheA. [lofo6Ho TOMY Kak 3KBaTop mnocje
Kax10ro ero nojHoro obxona GyleT NMPOCTPaAHCTBEHHO 3a-
MbIKaTbCsl, TaK H BeCbhb MBp coOwbITHA M mnocse Hcrevenus
KaxJIOT0 BpeMeHHOro nepuoaa fp GyAeT 3aMbIKaThCH BO
BpeMeHHOM OTHOLIeHHH,

«3aMblKaHHe» [pocTpaHCTBeHHOro aipa M ocyme-
CTBJIAETCSt OTOXECTBJEHHeM TeX MHPOBBIX JinHHI, pac-
CTOSIHHE MeXJY KOTOPbIMH DaBHO NPOCTPAHCTBEHHOMY nie-
puony xo. Ilpu stom B KauectBe usoGpaxenuss mupa M
noJyvyaercss UMJHHApHUYecKas mnoBepxiiocts (puc, 42). Ka-
A 10e TOPH3OHTa/bHOE CeUeHHe 3TOH MOBEPXHOCTH (OKPYyk-
HOCTb) NpeACTaB/iseT coboi pasauuHsle TouxH P skBaTopa
B OZMH H TOT Xe MOMEHT BpeMmeHH. Hanpotus, xaxzas
BepTHKa/MbHas 00pasywoman npeicrasiaser coboii MHPOBYIO
NUHHe COOBITHHA, NPOUCXOAAMWIMX B OAHON H Tol Ke TOou-
Ke P 3kBaTopa.

Ecnu mMup M, Kax 370 GBLIO NPeANosOXKeHo BhILe, ne-
pHOJMYEH TaKXe BO BPEMEHHOM OTHOWIEHHH (C repHo-
oM fp), TO Takoe ero CBOHCTBO GYyner NPOABJAATbCH B re-
PHOAMYHOCTH «MHDPOBOTO LHMJHHAPA» TaKkKe B BEPTHKAJ/b-
HOM HampaBJieHHH, T. €. B Hafnpabiennn BpemeHH. Cyue-
CTBa, MHUBYHIHE B TAKOM MHPE, CYHTAMN Obl €70 3aMKHYTBIM
H BO BpeMeHHOM OTHolleusu. Ilpu Bo3pacTaHuu BpeMmeHu
OHHM OTOXAECTBJsIH Obl cOOBITHA, KOTOpBIE pas/iMyaNiCh
Obi N0 BpeMeHU CBOEro HaCTynJeHuss Ha BpeMeHHOH rme-
puon f,. Tax moctymaeM u MB B Hallell HOBCEeZNEBHON
XKII3HH: MBI TOBOPUM, YTO HBA COOHITHA (NMPOHCXOmsILIUE
B pa3/nyHble NHH) «OTHOBPEMEHHBI», eC/H OllH OBTOPAIOT-
¢ B OIMH H TOT X€ 4acC CYTOK.

Has onucaHHs cOOLITHA B TakoM MHPE KOCTAaTOYlO
OrpaHHYHTBCA PaCCMOTpEHHEM OHOH 4acTH MHPOBOTO 1iii-
JUHADA, Jexalell MeXNY ABYMs BPEMEHHEIMH CeyeHHIMHU
o 0 & W HMeuel NIHTeNbHoCTh Z. EciM 0TOMecTBUTSH
rpaHHuHBE OKDYMXHOCTH o H o 3TOTO UHJWHADA, TO OH
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3aMKHETCH B KOHEUHYIO HEeorpasHuyeHHYI0 «NOBepXHOCTH CO-
OuiTuii». B pe3sysnbrate mosyuurcs 3aMKHYTHT Mup cOGH-
tuit M, obnagaoiwmil Takol Ke eeoMeTpuuecKkol CTPYKTY-
poil, KXak M 3aMKHYTOe IpoCTpaHCTBO, pPacCMOTPeHHOe
B KOHUe npeabayuiell raabe. CliieoBaTenbHO, Mbl 10JY-
UHM KOAbUESYIO noGepxHocTt (Top), H3006paKeHHY Ha
puc. 43.

Puc. 43.

M3 nByX «MepuinadHoBs 3Toil NOBEPXHOCTH ORMH (fy)
COOTBETCTBYET TeUeHHIO BPeMeHH B 381 aHHOH TOuKe P
npocrpascTsa. Bropo#l mepuaman (o) mnpencraBfasieT co-
foli 3aMKHYTOe OIHOMEPHOE NpOCTPAHCTBO, COOTBETCTBYIO-
nlee 3KBAatopy (MecTo OJHOBpeMeHHB X COOBITHH
B pasaHuHbIX TOYKAX 3KBATOpa).

«MupoBast noBepxHocTe» M OTIMUaeTCss OT ABYMEpPHOro
SaMKHYTOro INpocTpaHcTBa, H306pa)KeHHOro Ha pHC. 24,
TOJILKO B CJAEAYIOLIeM: focjefnee umMeeT dJsa NpoOCTPpan-
CTBeHHbIY UZMEpeHUs, B TO BPeMs KaK NOBEPXHOCTb COOHI-
THIE M HMeeT OOHO NPOCTPAHCTBeHHOE H O00HO BpeMeHHOe
usmeperue.

FTJTABA I

Hnaccudyeckana u penatuBucTcHan
HUHEMATHHA

§ 1. TlpeoGpasoBanua XoopAHHAT

Ho cux 1nop mpH NpPOCTPAHCTBEHHO-BPEMEHHOM ONH-
canHH (QH3HYecKHX CcoOBITHH MB OrpadUYKMBaJNChL OXHOM-
eJHHCTBEHHOH 3ajaHHOfl NPOCTPAHCTBEHHO-BpeMeHHOH CcH-~
cremoit K(x, y, 2, ) (§ 5 u 6 ra. 11). Kaxnas Touka (me-
cto) P Takoif cHCTeMBl OTCu€Ta HMeeT omnpejeseHHble, He
3aBHCsIlHe OT BpeMeHU MPOCTPAHCTBEHHBlE KOODJHHATHE
X, Y, 2. DTH Xe TPH 4MCAa HPUMUCHIBAIOTCA KaXKAOMY CO-
ouituio E, npoucxopsilieMy B ToukKe P, B KauecTBe uuced,
ONpene/ISIOIHX ero MeCTONOJIOXeHHe (OTHOCHTeNbHO CH-
cTeMul K). :

Ho co6sitne E npoucxonut B 10uke P cHcremnl K Tak-
JKe B onpeseseHHBII MOMEHT { MeCTHOrO BpeMeHH, YKa3hl-
BAEMOro HOPMa/JbHBIMH YacaMH cHcTeMbl K, nOMeLieHHBIMH
B Touxe P.

CaenoBatesibHO, KaXIoMy coObTHIO E COOTBETCTBYIOT
B cicTeMe oTcueTa K ueThipe KOODAHMHATEl, 8 HMEHHO: Tpu
KOOpJMHaTH MeCTa ¥ OJHa KoopnMHata Bpemenu, M na-
0o6opoT, 3ajaHHBIM KOOpAMHATaMm X, Y, 2, { COOTBETCTIBYET
BHOJIHE olipeleneHHoe cobuithe (mupoBas Touka) E,
a HMMEHHO TO co6blTHe, KOTOpOe TIIPOHCXOAHT B TOuKe
(x, y, 2) cucrembl K B MOMEHT BpeMeHH £ 1).

) Koneuno, Takux cobuituil MoKer 6hITb HECKObKO, HO BCE OHHU
HNPOHUCXOAAT B OJHOM M TOM K€ MecTe OJHOBPEMeHHO («31eCb H Te-
nepb»); CAEAOBATE/NbHO, C Hallefi TOUKY 3peHHs OHH CoBlajawTt. Taxue
coBnajaiollle COGLITHS paccMaTpHBAlOTCE B 3TOH KHHre e Kak pas-
JMH4HbIe, a4 KaK O0beHHEHHBE B OJHY-CAHHCTBEHHYIO «MUPOBYIO TOUYKY»,
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Takoe B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEXAY CO-
6uiTusivi £ M KoOpAliHaTaMH X, y, 2, ¢ cucteMbl K 6ynem
00o3HayaTh B BHJe 3anucu

Eéié(x, Y, z, t).

[BoliHas cTpesixa oTMeuaeT YKa3aHHOE COOTBETCTBHE Me-
KLy COOBITHAMH H HX 4eThipDbMs KOOpAHHaTaMM, a Oyx-
Ba K Han crpeaxofl mokasblBaeT, B KaKO# CHCTEMe KOOD-
AMHAT paccMaTPUBAIOTCS COOBITHA.

Ity BOnpockhl yxe ObIH N0ApobHO paccMmoTpeHsl B § 5
u 6 rn. II. Mbl Koporko HanoMHHIH O HHX eme pas
C IIeJBIO NMOJYePKHYTH Te JONyIlielus, Ha KOTOPHIX OCHO-
BaHO nafibHeNIilee H3J0KeHHe,

Ilepeiinem Tenepb K HOBOMY BOfIpoCY:

Kax usmensiorca xooplunarser cobeirus E npu nepe-
xo0e or 3adaunoil Qusuueckoil cucremor orcuera K k dpy-
20l cucrteme orcuera K?

IMycte cucremolt K saBasiercs, HanpuMmep, NOKOSIaacs
OTHOCHTE/IbHO 3eMJH CHCTeMa, KOTOPYI0 3eMast «yBOIUT
BMecTe c coboi». Ilycts B Kaxpnol touke P(x, y, 2) cu-
ctemMel K mnomelieHel, Kak Mbl YkKe YCJAOBHINCE 06 3TOM
Bhllle, HOpMaabHble yackl Up, yxkaswlBaioiine Bpems { Ha-
crynnenns cobwitnii E, mponcxomsiunx B P. B Kauectme
BTOpPOH cuctemel KoopauHat K BeifepeM, Hanpumep, cu-
creMy, OTHocHTenbno Kortopo# nokoutrcst CosHue. B stoil
cucTeMe Kaxpoe cobuithe E nosyuaeT HOBbE KOOpHHHATHI
z, y, z, t. [Tocnennss KoopaWHarta, KOOpHHHATa Bpe-
MeHH f, OnpeneaseTcst NPU NOMOLHM HOpManbHBIX uacos L'y,
NOCTOSIHHO Haxonsaluuxes B Touke P(Z, 7, Z).

ITycts E ectb Kaxoe-HuGyab (usnueckoe cobwuithe. B cu-
creMe K 3TOMY COOBITHIO COOTBETCTBYIOT KOOpAMHATHI
E->(x, y, 2 1), a B cucreMe K — KOOpAHHATHI
E-~(z, J, z, t). Otciona cnepyer:

Kaxmofl cucteme sHaueHuii (X, y, 2, {) COOTBETCTBYET
BIIOJIHE onpenesieHHas chucTeMa 3Hauenud (T, 7, Z, f). 1o
03HAUAeT, UTO KAK TOALKO 4eTbipe KOOPOUHATHL 8 CUCTeMe
K 3adansr, TO u3eecrrnol TQKxie COOTBETCT8YIOULLE KOOPOI-
naror g cucreme K. Ha si3plke MatemMaTHKH Takasi CBS3b
BLIPAXKaeTca cJ0BaMy: KOOPAMHATH B cucTeMe K ABJAGIOTCA

(onHo3HauHLIMH) (GYHKUHSMH KOOpAMHAT B cucTeMe K
1 Hao60poT.
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§ 1. TPEOBPA3OBAHMA KOOPJMHAT

DTa 2aBUCHMOCTH 3aNHCHIBAGTCH B BHAe CJaefyrouiel
popMy Bl _
K K /=~ ==
(x, 4y, 2z, H)<«—>E<«—>(x, ¥y, 2, 1).

CooTBeTCTBYIOIIE 04Ha APYrod CHCTeMBl 3HaueHUi
5 v, 2 )< (X 4, 2 ) (1)

npeaCcTaBasioT co6ofl KOOpHIHATE 00H020 U TO20 KHe cOoObi-
rua E (wan cosnanaionpmx coGmrnil) B cucremax K n K.

@opmyaa (1) nosponser nepelTH OT CHCTEMBI KOOpPAH-
Hat K K cHcTeMe KOOpAHHAT K; MO3TOMY e€e Ha3biBaioT
bopmynoi npeobpasosanus Koopourar.

Koukpernrift Bup $opmya npeobpaszoBaHHa KOOPHHHAT
onpenesserTcs, BO-NepBbIX, BbIGOpoM cHcTem KoopannaT K
# K W, BO-BTOPHIX, B3aHMHBIM JBHXKEHHEM 3THX CHCTEM.

Hau6oJee npoctoe u B To JKe BpeMsl BaXHOe npeol-
pasoBaHie KOOpIHMHAaT HoJydaercs B cJydae, Korpa cil-
crempl K ¥ K JBHXKYTCA OJHA OTHOCHTeNbHO APYro# pas-
HoMepHO 1 npamoauretino '), OnEako u NpH TakoM Ofpa-
HHYeHHH CTpyKTypa npeobpazopanusa (1) 3aBHCHT OT YHO-
MAHYTOro BbIGOpa KOOpILMHATHBIX cHcTeM. B Kaaccuueckof
(hu3nKe 3Ta CTPYKTYypa HHas, YeM B CreuHajJbHOH TeopHH
oTHocureabHocTH. I1o1po6HO 06 3TOM OYIET CKa3aHO HuXe,
B § 2 u 3 HacTOsimel T/1aBHl.

B nasabHeiilueM x1s NpPOCTOTHI H3JOXKEHHS Mbl OrpaHu-
YHMCSI PACCMOTPEHHEM TOJIBKO NPOCTPAHCTBEHHO O0OHOMEp-
HO20 cJayuad. lorna npocTpaHcTBoM cucteMbt K Gyrer
«Heuamensemany oce x?%). [lycte B 310l cHCTeMe B Kamuo#
ee Touke P ¢ HeH3MeHseMO§l KOOPAHHATOR X IOMemieHhl
«HOpMaJibHBlE Uachl», C IIOMOLIbID KOTOPHIX Habmanarenb
B, naxomsimuiics B P, onpenedsier Bpemst ¢ coBuTiil, npo-
Hexonswux B P, AnanorrunslM  o0pasoM, Kaxias npo-

1) B paccMmorpeunom Bbuue npumepe (cucrema K cBazawa ¢ 3em-

Jqeii, a cucrema K— c CoJHueM) 9T0T NpocTOH caydafl He HMeeT MecTa.
Hpeuxenne 3eman orHocHreabHo CoJsHila CONPOBOKAAETCS AOBOJLHO
CJIOJKHBIM BpAalEHHEM.

?) Ilox «HEH3MEHAEMOCTBIO® OCH X C/efyeT NOHHMAaTb TOJAbKO To,
4TO OHa COCTOUT H3 MHOXeCTBa TOwek P ¢ weusmexnormu (He 3asuca-
IWHAMH OT BDEMEHH) 83aumHoiMU pacCTOAHuUAMU., ECHH KOOPAMHATH TO-
yeR Py u {’; stoli npocTpancTBeHHOR CUCTeMbl paBHBl X H X3, TO pac-
ctoakne F Py Oyaer paBuo abco/OTHOMY 3HAYECHHIO Pa3HOCTH X — Xa.
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CTpaHCTBeHHast Touka P cucremnl K, nBukyuiefics OTHOCH-
TeJbHO CHCTeMBl K, HMeeT MOCTOsIHHYIO, T. €. He 3aBHCSA-
uyo OoT BpeMeHH ! KoopiauHaty Z. C momolibio 4acoB, 10-
MELEeHHbIX B Touke P, HaXoasiguiica Tam Habmopatenb B
MOXeT u3MepsATb MecTHoe BpeMs . CoGwbituio E B CH-
creMe K COOTBeTCTBYIOT KoopamHatel (x, f), a B CHCTe-
Me K —koopnuHath (¥, f); cjexoBaTesbHO, (QopmyJa
npeo6pa3oBaHHA KOOpAHHAT, CBHSbIBaIOHLaH Mexny coboit
KoopaunaTh cobuitus E B cueremax K u K, nMeeT BHI

(x, t)<—(x, b). 2)

B KkauectBe Har/AJHOrO NpuMepa MOXHO 3a cucremMy K
NpHHSATL Noe3N, a 3a cucremy K — xKene3Hon0pOXKHOe M0~
JIOTHO, 10 KOTOPOMY nBuKeTcst moe3l. HpyruM npHMepoM
MOXKET CAyXKHTb peka K, TeKyiias Mexny Oeperop K,
HT. A

- B.i)
K P(z.1)
Puc, 44.

Ha puc. 44 NMPOCTPaHCTBEHHbIE OCH K u K uavepueHHl
O[(Ha PANOM € JAPYro#, XOTd HX MOXKHO HpeﬂCTaBHTb cebe
Takxe HaJOXKeHHbIMH OJHa Ha ApYyrymo; torga och K Oy-
AeT «CKOJb3UTb» BA0AB ocH K.

®dopmyny npeobpasosaHua (2) Oynem NOHMMaTh Te-
nepb caenyomiM obpasom. B Touke P, nmeioilieit pHKCHPO-
BalHYl0 NPOCTPAHCTBEHIYIO KOODAHHATY X, HAXOLWTCA Ha-
oai01ates b B, KOTOpHil B MOMEHT MeCTHOrO BpeMeHH ¢
samMeyaeT, 4yTO MHMO Hero NpOXOAHT Touka P cucreMsl K,
HMe[ias NPOCTPAHCTBEHHYIO KOOPAHHATY I; B 3T0T MO-
MenT nopMaJjbHeie gackl Uz, nuMellennnle B Touke P, mo-
KasblBaioT BpeMs . CJIenOBaTe.ﬂbHO clicTeMe 3HaueHI# X, ¢
COOTBETCTBYeT CHCTEMa 3HaueHu# T, ¢ u Haobopor, YT0 H
noxasplBaer opmyna (2).
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Ilpu stom cobwutHe E, KOODIMHATLl KOTOPOIO DaBHEI
x, t oTHOCHTeNbHO cHCcTeMbl K W X, I  OTHOCHTENbHO CH-
crembl K, 3akaiouaercs B cjaenywouieM: Toukd P u P (uau
Haxojslecs B HHUX Habmiopnatenn B u B) npoxoasar
«3JieCb 4 Tefepb» OfHAa MHMO [pYro#, Jubo [OTOHAS OnHa
APYryio, an6o BCTpeuasics.

§ 2. Knaccnueckne npeoGpasosanus laanaes

[Tponomxum paccMoTpeHne ABYX (GH3HUECKHX KOOpPIH-
natnolx cucteM K(x, £) u K(X, ) M COOTBeTCTBYIOuLeH
dbopMynsl npeobpa3oBaHuil KOOPAHHAT

(x, B)<>(x, 8). (2)

ITpn sroM cHauana GyneM HCXOMHTb H3 IpeACTaBJeHHa 06
abcortoTHOM Epemeru. DTO 03HauaeT, YTO BpeMs He 3aBH-
CHT OT CHCTEeMBl KOOPAMHAT, OTHOCHTEJNbHO KOTOpOH omnpe-
nensiercst Bpems cobpiThit. CaenoBarenbHo, ecnn cobuitine E
npoucxoaut B cucreme K B Touke P(X) B MOMEHT Bpe-
MeHH f, a B cucteme K — B Touke DP(X) B MOMEHT Bpe-
MeHH Z, TO JOJHO HMeTb MECTO PaBeHCTBO

A. =t (spems abconrmno).

Takum oGpazoM, B TOT MOMEHT BpeMeHH, KOTHa TOUKH P (x)
u P(T) npoxogsT OjHa MHMO APYyroii (coBmapawTt), HOp-
ManbHele yackl Up n Up, noMeieHHble B 3THX TOYKaX, no-
Ka3H/BalOT B TOYHOCTH OJHO H TO Xe Bpems.

Hanporus, npocTpaHcTBeHHBle KOOPAHHATH ¥ H X Touek
Py P npn ux coBNajieHWH, NPOHCXOAANEM B pe3yJbTaTe
OTHOCHTeNbHOro Osudiexus cucteM K u K, He oxvHa-
KOoBbl. CBfA3b MEXIY 3THMH Da3HBIMH KOOpIHHATAMH X H
x onpenensercs dopMyaofl (2), B KoTopoll tenepb ciaenyer
NONOKHTL {=1.

Orclona BhHITEKaeT, YTO eC/lH NPOCTPaHCTBEHHAs KOOP-
AuHata x coObltusa E, nmpoMCXOHsiIero B MOMEHT BpeMeHH
{=1t, u3BeCTHa OTHOCHTENbHO cucTeMbl K, TO npH NOMOLIH
(bopMyJIbI (2) moxer OblTb BnoJHe OmpeneseHa TakKe
pOCTpaHCTBEHHAst KOOpAHHATA T 3TOr0 Xe COOLITHS OTHO-
CHTeJbHO cHCTeMbl K, H HaoGopoT. Ha s3nlke mMaTeMaTtHKH
Takasd CBA3b BbIPaXaeTcsi CJAOBaMH: KOOpAHHATa T MNpel-
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craBiseT cobol BIOJHE OHpeIeNeHHYID (QYHKYUO oT X u I,
H, HaoOOpOT, KoopiHHaTa X ABJAAETCS BIOJHE OmpeleseH-
Holt ¢yHxuMeldt oT Z u {. B Buxe $popMys 3T0 3anucHBaercs
CaAefy0IuM 00pasom:

=x(x, £), x=x(x, f). (2"

[Tpu yciaoBuH uTo BpeMa aGCOMIOTHO (mpennoJioxke-
e A), a3t Gopmysb SKBHBaJeHTHH GopMyJae (2).

BuisiciuM Tenepn, Kakoff BHJI OPHUMYT (OpMYJH mpe-
06pa3oBaHusl KOODIHHAT, €CAH BBECTH JOUOJHHTeJbHOe
npeinosoxenne o ABHKeHHu cucreM K u K, a HMeHHO
CYHTaTb, YTO OTH CHCTEMBbl [BHXYTCSH OJHA OTHOCHTEJBHO

=0 F t-0 t=t
R = —
a P p
P Ui Py p
g.—v____/_v__./
I, vt
Puc. 45.

Apyroil pasnomepro. Pellledne 3Tofl 3ajaun jJaeTcs BO Bcex
yueGuukax Gusuku. [IpnBemeM ero B HeCKONbKO YTOYHeH-
HOM BHJE.

[Tpennonoxnm, 4To B MOMEHNT BpeMenn {=%=0 HauaJb-
Hasi Touka O cucteMbl K, HeHaMeHHast NpOCTpaHCTBEHHAS
KOOpAMHaTa KOTOPOH paBHa F= 0, coBnanaer ¢ Haya/ibHOM
touko#t O (x=0) cucremn K. HyCTb P ectb POH3BOJIbHAS
TOUKa crHcTeMbl K ¢ HeM3MEeHHOH KOODRMHATOH I, clenoBa-
TeJIBHO, OTPE30K OP=X, U 0UycTb B MOMEHT BDEMEHH (=
=f=0 sta Touka P mpoXomHT MHMO TOUKH P, cucremn K.
Ecau mpocTpaHCTBeHHas KOOpaHHATa TOUKH Py paBHa X,
10 otpe3ok OPp=x, [asee, nyctb { eCTb NPOH3BOJbHbI
6osiee MO3AHHA MOMeHT BpeMeHH (f{>0). B rteuenue mnpo-
mexyTka Bpemenn (0, {) Touka P (nmokosiasica B CHCTe-
mMe K) mnepeMeiljaeTcss B HOBOe [0J/IO¥eHHe OTHOCHTE/bHO
cnc*reMbl K (puc. 45). Ilyctb B MOMEHT BpeMeHH { 3Ta TOU-

a D coBnanaet ¢ Toukoi P (cucreMmul K), mpocTpaHCTBEH-
Haﬂ KOOpJHHaTa KoTopolt paBHa OP=x.
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BeejgeMm Temeph YNOMAHYTOE Bblille NpenHo/OKeHHe:

B. Cucrema K dsunercs oTHOcuTeabHoO -cucTemol K pas-
HOMEPHO € NOCTOAHHOL CKOPOCTbIO .

CrenoBatenbHo, cKopocTh Touku P pasHa v. B teue-
HHe npoMexyTka BpemeHH (0, {) 3Ta TOuka NMPOXOAMT OT-
HocuTenbHO cucteMbl K nyTs PP, W 3TOT nyTh pased vl
(NyTh paBeH CKODOCTH, YMHOXeHHOH Ha Bpems). Tak Kak
OP=OP0+‘POP1, TO

x=x,+9¢, xy=Xx-—0t

Yurem rtenmepb (puc. 45), uTO _paccrostHue OPy=x, ra-
KOe e, KaK W paccrosinne OP=3%. [losoxuB B npeaminy-
WHX PopMynax X,=2X, Mbl OKOHYaTeJIbHO HOJYUHM
HJH

x_=x—-'vt,} @

x=x -+ vt.

A1u GopMysn HasbBalOTCA NpeoOpa3oBaHUAMU
Fanuaesa U ABAAIOTCS OCHOBHBHIMH (DOPMYJIAMH KJacCH-
ueckolf KnHeMaTHKH. OHH YCTaHAB/IHMBAIOT CBASb MEXIy
NpOCTPAHCTBEHHEIMU KOOpAMHAaTaMH X W T JBYX TOueK P
u P cucremnt K H cooTBeTCTBeHHO cucTeMmbl K, cOBmajawo-
IIHX B MOMEHT BpeMeHH ¢ (=1). Maun, uHbIMH CJ0BaMH,
dopmyabt (GQ) BBIpaXKawT 3aKOH CBA3H MEXIY IPOCTpaH-
CTBeHHBIMH KOOpJWHATaMH ¥ H I cobutua E, npoucxons-
Hmero B MOMEHT BpeMeHH f, TIpH YCJOBHH, YTO [BHXKeHUe
cuctembl K OTHOCHTeNbHO cucTeMbl K mpuHHMaeTcs pas-
Homeproim (ycnoeue B) f).

Ecau nopoiitu K BHINOJHEHHOMY BbiROay dopmya (Q)
KPUTHYECKH, TO HETpYAHO 0OHapyXHTb B HeM cJaboe Me-
cro. CoMHeHHe BbI3bIBaeT yTBepXneHue, uto OPy=0P, 1.e.
410 Xo=2%. C/loBaMy 3TO PaBEHCTBO Bblpaxaer cjenymotiee:

Otpe3ok OP=3x mpejcraBasier co6oil HeH3MeHHOE pac-
CTOSSHHE MEeXIY MNOKOsIIHMHCH B cucteme K Toukamu O
u P, uaMepennoe 6 cucreme K (1py NOMOIH €IMHHUbL OJIH-
Hbol 3To# cucteMmbl). Habaonatens B touke O cucremst K

) Boulme OblI0 NPUHATO, YTO CKOPOCTL cHCTEMbl K OTHOCHTENLHO
cicrembl K nocrosiuda w passa v. U3 gopmya (G) BHAHO, 4TO B 3TOM
cnyyae CKOpPOCTb CucTeMbl K OTHOCHTe/bHO cucTeMbl K paBHa —U, T. e.
HanpasJieHa B TNPOTHBONOJOXKHYIO CTOPOHY, HO Mo a6CoJIOTHOMY 3Ha-
YeHHI0 OJHHAKOBA CO CKOPOCTBLIO U.
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B MOMeHT BpeMeHH f=0 yCcTaHOBHT, 4TO MHMO HEr0 TOUHO
B 5TOT MOMEHT BpeMeHM [POXOANT Touka O cHcTeMbl K
(cobuite Ep). Hpyro#i naGuionaTelb, TakXKe HaXOXALMHCS
B cucreMe K, HO B TOuke Py, 6 3TOT JKe MOMEHT epemeru
t=0 3aMeTuT, 4TO MHMO TOUKH Py npoxoauTr TOoukKa P cH-
crempl K (cobmitue E). CaenoBatenbHo, oTpe3ok OPg=x,
onpenensieT NMPOCTPaHCTBEHHOE pacCTOsIHHE Mexay Ccolbl-
tusimid Ey u £ B cucreme K. Muu, uHEIMH cloBaMH, oTpe-
30k OPg=x, mnpencrasasier co60H «IPOCTPaHCTBEHHYIO
NpoeKiHio» oTpeska OP=Z cuctembl K B MOMEHT BpeMeHH
t=0 Ha cucremy K. OGpatho, oTpe3ox OP=x ecTb «npo-
cTpaHCTBeHHasi npoekuus» ortpeska OPy=x, cucrems K
B TOT 3Ke MOMeHT BpeMeny t=0 na cucremy K.

Taknum oGpasom, yTBepxaenne, uto OPy=0P (uan xy=
=Z) 03HayaeT cJaepyIOLee:

B. ITpu Osuscenuu dsyx cucrem K u K o0Ha oruocu-
TeAbHO OpYeol NPOCTPAHCTEEHHNE paccToarue mescdy 08y-
Ma coburuamu (Ey u E) odunakoso, wezagucumo or 1020,
8 KaKoll cucreme OHo U3mepAeTCA.

DTo 3aK/lOueHHEe KaXercs nourd camo cofofl pasymelo-
muMcs, o kpafineii mepe, oHo npeacrasiser cobofl Hanbo-
Jiee TIPOCTOE M3 BO3MOXKHBIX jonyuiesnit. ITostomy kiac-
cuueckast GH3NKa NpHHHMaeT ero cpasy, He 3aHUMasncb
6osnee petanvHo ero ob6ocHoaHHeM. OpHaxo Gosee Tou-
HBI{l aHa/iu3 NOKa3biBaeT, 4TO s NMPHHATHA 3TOTO HOMNYy-
HleHHs He HMeeTCss KaKHUX-Mu60 NpHHYXKAAOUHX HaTJsh-
HBIX HMJH JIOTHYeCKHX [0BojoB. CJignoBaTtenbHO, TOBOpPS
0 HONYIIeHHAX, JeXaliiX B OCHOBe BBIBOAa INpeofpa3oBa-
Huit [anunes, Heo6XOHHMO JJisi SAICHOCTH W NOJHOTH YKa-
3BIBaTb He TOJBKO pomyuieHuss A W B, Ho Takxe gomyuie-
Hue B.

BuiBeneM 1npu nomomH upeobpazoBaHnit [anunes tax
Ha3blBaeMbIll 3aKOH CAONEHUS CKOPOCTEl  KAacCHYeCcKol
bU3NKH.

Hns atoft nenn paccMOTpHM CHIHAJ, HampuMep Marte-
pHanbHylo uacTuny M, ABMKYULYyIOCS OTHOCHTE/NBHO CH-
creM K n K. Ilycth cKopocTb 3TOHM 4acTuibl OTHOCHTENLHO
cucteMel K noctosiiHa ¥ pasBHa u. OmnpepesuM CckopocTh
yacTHuel M orHOcuTenbHO cHcTeMbl K.

O6bIuHO 9TO OnpepelieHie BLHINOJNHSAETCS CledYIOHHM 06-
pasom. [Ipocieanm sa gBH:KenneM uacTuibi M B TeueHHe
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eJVHALB BpeMeHH, HallpHMep B TedeHHe CeKyHAH. Tak
KaK CKOpOCTb yacTuunl M oTHOcHTennHo cucteMbl K (u3-
MepeHHas, HanpuMep, B MeTpaX B CeKyHHy) paBHa @, TO
yactuua M B TeueHHe ONHOH CeKyHIH NPOXOIHT OTHOCH-
TEJIbHO CHCTeMbl K nyTb & (MeTpom). B TeueHue 3TOro xe
MpOMeXyTKa BpeMeHH cHcTeMa K mepemeuiaercs Ha v (Mer-
poB) oTHocHuTesbHO cucremn K, ChejoBaTeNbHO, HacTHIla
M B TeueHHe ONHOH CEeKYHHBl NPOXOAHT OTHOCHTEJBLHO CH-
cteMel K NyTb 0+ @; M0O3TOMY CKOpOCTb uyacTuubl M B CH-
creme K paBHa

u=u-+v. (G

dta dopmyna M npeicrasiser co6oi KaaccHueckuil 3a KO0 H
ClOXeHHA cKOpocTe#').

§ 3. PeasituBnctckne npeoGpasosanns Jlopedua

3alepiKuMcs emie Ha OJHY-ABe MHHYTH Ha TOUKE 3pe-
HHA KJ]acCHY4eCKOH KHHeMaTHKH W npeobGpasopanuil [asu-
Jges, Ilycts «ranuieesa cHcreMa K» ONSTh ABHKETCH CO
CKOPOCTBIO U OTHOCHTENBHO radujeesoil cucremnl K. Co-
rJlacHO 3aKOHy c/ioxeHHs ckopoctefi (G’), curdan S, cko-

pPOCTb KOTOPOro OTHOCHTEIBbHO cHCTeMbl K paBHa U, HMeeT

1) Boaee touno popmyna (G') suisoxutcs ua dopmyast (G) cae-
Ayomum ofpasom. PaccmMoTpuM ABa MOMEHTa Bpemeuu f=f, M f==
=ty (>t;). Ilyctb B MoMeHT BpeMeHH f==f; IpOCTpaHCTBeHHAT KOOpPIH-
HaTa 4acTuHlsl paBHa X1 B cucreMe K u x; — B cucremMe K. B Moment
BpeMenHd f={; 3TH KOODJAHHATH NYCTh paBHbl COOTBETCTBEHHO ¥z H Xa.
Cornacko npeobpasosanuam [amngea (GQ), Mt HMeeM

X, = x; — v, Xy = Xy — vly;
CJIe1OBATEILHO,

Xo— Xy = (X3 — x,) — v ({, — 1)),
Hay
Xog—X _ Xg— X
t,—1%, t,— 1t

— .

3necs CJISl-}a Mbl HMeEEeM 4YacTHOE OT JeJieHHs nNyTH Ha Bpems, T. €,

CKOpocTs 4. YacTHoe cnpaBa COOTBETCTBEHHO paBHO «. TakuM o0Opa-
30M, AeflCTBHTEbLHO

U=u-—-v u u=u+tuo
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oTHOCHTENbHO crcTeMbl K ckopoets u=v+47. ClenoBartesb-
HO, B KJaccHYecKoll (PH3HKe CHTHan S HMeeT pasauyHbie
CKOPOCTH OTHOCHTEJbHO ABYX cHCcTeM K H K, IBHXYLIHXCH
onHa OTHOCHTENBHO Apyrofi (1o o3Hauaet, uto v+0).

B wuyactHOCTH, Heo6XONHMOOTMETHTH Cleayiollee 06CcTos-
TesibCTBO. Ecii curian S nockliaercs B HanpasJ/eHHH, PO«
THBOMNOJIOXXHOM INepBOHauaJbHOMYy, T. €. Tenepb OTHOCH-
TeNbHO CHCTeMbl K OH HMeeT CKOpOCcTb — & (cJ/efoBaTellb-
HO, abc0a0THOE 3HA4eHue CKODOCTH OTHOCHTEJBHO CHCTe-
Mol K ocraercs HeH3MEHHBIM), TO ero CKODOCTb OTHOCHs
TeAbHo cHcreMbl K, corsacHo ¢opmyne (G'), 6yner pasila
u=v—1u. Dra cKopocTb (OTHOCHTeJNBHO cHcTeMmbl K) 1o
cBoeMy abCOJIIOTHOMY 3HaueHHIO YKe He paBHa IIpexcHeR
CKOpOCTH #=v-+17 (oTHOCHTenbHO cHcTemubl K) 1!).

CornacHo NpejiCTaBJEHHIO KJaCCHYeCKON ONTHKH, CBeT
pacnpocrpaHsieTcs B BHJE KoJeGaHHH THHOTETHUECKOH cpe-
Abl, Ha3biBaeMoH «MHPOBHIM 3hHpoM». CKOpocTh cBeTa Oniia
onpepeJena eufe B 1673 r. Pémepom (ROmer) nyrem Ha-
Oaioe s 3aTMeHn#l cyTHUKOB nsaHeThl I0unTepa. Bonee
no3qHHe H GoJiee TOHKHe H3MepeHHs YTOYHHJH De3y.bTart,
nosydennbii Pémepom. CkopocTs CBeTa [AOBOJBHO TOYHO
paBHa 300000 xm/cex. OnHaKO <«CKOPOCTb» MNpeACTaBJseT
coGoit oTHocHTenbHOEe noHsATHe. CienoBaTe/IbHO, KOTAa Deub
UIeT O CKOpOCTH, Bcerxa HeoOXOAHMO YKasbiBaTh, OTHO-
CHTEeJIbHO KaKofl cucTeMbl KOOPAMHAT 3Ta CKODOCTH Ompe-
Heasercsa. Kuoaccnueckas (u3vka HCTONKOBBIBaJa pe3ynib-
TaThl H3MepeHHi Tak, uro ¢=300 000 xx/cex ectb CKOPOCTH
cBeTa OTHOCHTEJIBHO Mupog8o2o adupa.

B 1881 r. Maiikeabcon (Michelson) nposen psin akcue-
PAMEHTOB C LEJbI0 ONpeJesieHHsT CKOPOCTH CBeTa OTHOCH-
TEJBHO 3eMJH B pasuHulx Hanpasienusx. Pesyabrar noay-
UHJCS COBEpPIIEHHO HeoxunaHHbiM., Ecny uepes K o6o3Has
YHTB MECTHYIO CHCTeMY KOOpAHHAT, Olpeae]sieMylo 3eM-

1y Ilycrs, nanphmep, cuctemoli K siBAfieTCsi M0e3d, CKOPOCTh KO-
TOPOFO U OTHOCHTENbHO NOBEPXHOCTH 3emian pasua 100 Kusomerpos
B yac. B kauecrBe cir#ana S Gyaem paccMaTpHBATL Nacca)kupa, nepe-
[BUHTAIOIIEr0oCs B TNOe3fle CO CKOPOCTBI0O § KM/4aC cHavana B Hampas-
JeHHH JBHXEHHs, a 3ateM B INDOTHBONOJOMKHOM Hanpasieuuu. Ero
CKOPOCTh  OTHOCHTe/IbHO cHcTeMbl K B nepsoM cayyae Gyler paBHa
u=v+i=10045=105 xsm/4ac, a Bo BTOPOM C/lyYae — TONbKO U — =
=100 — 5=95 xmfuac.
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aeil, a sepes K — CHCTEMY KOODAMHAT, CBA3AaHHYIO ¢ 3di-
poM, TO, KaK Mbl BHIE/IH HeCKOJIbKO BHILE, CKOPOCTH CBC-
TOBBIX CHTHAJOB, NOCHIJaeMbIX OTHOCHTENbHO TMOBEPXHOCTI
3emMad B pa3/HUHLIX HaNpaBJ/AeHUSX, HOJMMHBI OuIH Ol
HMeTb pa3Hble 3HaueHHs B 32BHCHMOCTH OT HaUpaBJeHHS.
Opnrako onwlTet MailikenbcoHa noKasaJiu HOJTHOE OTCYTCTRHE
TakO# 3aBHCHMOCTH, KOTOpDYIO C/ef0Ba/fo Obl OXKHIATh CO-
rJacHo 3aKoHy cnaoxenus cxopocrefi (G’). Bmecto sTtoro
BLIICHHJIOCH, YTO CBET pacnpocTpaHsiercd B Jio6oM Hampa-
BJIGHHH OTHOCHTEJIbHO IOBEPXHOCTH 3eMJ ¢ o0Hotl U ToL
M#e TMOCTOAHHON CKOPOCTLIO C.

CorsniacHO KsaccHuecKofi (hH3HKe, TOT mapaloKcasbHEH
pesyJabTaT MOXKHO Gblio Obl O0BSICHUTb, NPEANONOXKUB, UTO
3eMaa yBiaexaeT 3a cofoHl cnofi sdupa Takum ofpasowm,
4TO CaMa OCTaeTcss B MOKOe OTHOCHTEJBHO 3TOr0  cJos.
OznHako TaKoe mpeNNOJOXKeHHe HECOBMeCTHMO C APYraMu
cBolictBaMu 3(upa, Kotopole Heobxoaumo 6bio Ob TpH-
HSATb A/s TOro, utoOnl runotreza sgupa He mpuBeda K npo-
THBODEUHSAM.

CospnaBllleecs TOJOKeHHe 3aCTaBUJI0 (PH3HKOB HCKATh
AJ 0oObsiCHEHHS! NapafoKCaJbHOrO pe3y/bTara, MoJyyeH-
Horo MaifikeabcoHoM, apyrue, GoJsee TAyGOKHe MPHUHHDL.
B pesyabraTe a1HX mOHCKOB roJuiaHackuii ¢ousuk I'. A, Jlo-
penny (H. A. Lorentz, 1853—1928) nokasaj, uTo B KHHe-
MaTHKe Nepexo] OT OAHOH cHCTeMbl KOOpAHMHAT K APYroil
onpefenserca He NpeobpazoBaHuaMH lanuges, a ApyruMu
npeo6pasoBaHHsIMH, Ha3BaHHBIMH BHOCJAEJCTBHH Rpeobpa-
308anuamu Jopenya. PyHRIaMEHTAAbHBHIA CMBICJ 3THX Hpe-
o6pasoBaHHil OBl pasbACHEH TO/MLKO HECKOJbKO JeT Cly-
cta (B 1905 r.), xorpa 2#HWITefiH BbiBeJ HX H3 CBOEro
HOCTYy/aTa NOCTOAHCTEA CKOPOCTU CBETA W MDA STOM OKOH-
yaTeJbHO OTKasaJjcsl OT MpeicTaB/ieHHs 00 abcoIoTHOM
BpeMeHH. '

B § 1 3Toii ryiaBel Mbl COCTaBWJIM A18 Npeo6pasoBaHus
KooppuHat dopmyanl (1) M (2) B HanbGosee obilieM BHIE,
He che/faB HHKAaKOTO NPeanosioXkeHus O TOM, CYliecTByeT
UM He cyulecTByeT alco/i0THoe Bpemsi. B § 2 Ml npen-
FOJIOXHIIH, UTO BpeMsi aBCO/IIOTHO, H Ha OCHOBE 3TOro 1o-
nyieHUs BbiBean npeoGpazoBanus Ianunesi. Temeps nepen
HaMH CTOHT 3ajaua BBIACHUTh, Kako# creuHasJbHBIA BHA
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npunumaT Qopmyanst (1) u (2) npH TPENNONONKEHHAX,
NOJOXKEHHBX DHHIITEIHOM B OCHOBY TEOPHH OTHOCHTEJNb-
HOCTH.

Buisod npeobpasosanuii Jlopeuya.

Onsitb, KaK H Ha cTp. 159, paccMOTpuM NpPOCTPAHCTBEH-
HO ONHOMEDHBII MHP COOEITHH H COOTBETCTBYIOILYIO POpMY-
Ay upeo6pasosanus Koopauaat (2) (crp. 160), mossonsto-
Lyl nepexoiHTb 0T cHcteMmbl K(x, £) K Apyro#t cucreme
K (%, ) (1 obparHo).

Kak u panbile (ycnosue bB), BRenem npenpmosoxenue:

I. Cuctema K Osuxercs oTHocuTeabHo cucremor K
¢ HOCTOAHHOL CKOPOCTBIO.

B xauecTBe HOBOro mocrysnarta OHHINTeHH BEeJ mpel-
OO eHHe:

1. Cywectsyer cuznas S, cKOPOCTs ¢ KOTOPo20 0dUHQ-
Kosa oTHocuteabro obeux cuctem K u K (Hesasucumo oT
T020, 8 KAKOM HANPABACHUU ITOT CUBHAA NOCLLAQETCA).

Mbl HaMepeHHO CPOPMYNHPOBa/H MOCTy/1aT B 3TOH 06-
meit gopme, XoTs B HeHCTBHTEIbHOCTH DHHIITENH NOHHMAJ
oL TaxWM TOpuMedaTeNbHEIM CHTHAJIOM CBETOBOH CHUTHaMT,
uMeromufl, B COOTBETCTBHM C pes3yabTaToMm OneIToB Mafi-
KeJIbCOHa, OfHYy H Ty e ckopoctb ¢=300000 xm/cex ort-
HOCHTeJbHO pasnnunbix cucreM (K, K, ...) naxe B TOM
c/ayyae, KOrja 3TH CHCTeMbl ABHXKYTCH OJH& OTHOCHTE/bHO
gpyrofi. MeHHO 3TOT nocTyAdT NOCTOAHCTBA CKOPOCTU CEe-
Ta HaXONMTCA B MPOTHBODEUMH ¢ TpejacTaBieHHeM o6 ab-
COJIIOTHOM BpeMeHH ({=f) M C K/JacCHUECKHM 3aKOHOM C.10-
JKeHHsl cKopocTell W TpefyeT pensATHBH3aNUM NMOHATHS Bpe-
MeHH. B pesysbraTe Takoll penstuBu3auuu neoe uyacos Up
u U=, novelienHeix B cucteMax K u K, npu HX npocTpa-
CTBEHHOM COBnajeHud B ofluem cjayyae He IIOKasblBawOT
OJMHO M TO Xe Bpems (f==f). COOTBETCTBEHHO 3TOMY JOJ-
KeH OvTh BHIOM3MEHEH H KJacCHUeCKHH 2akKOH CJIOXKEeHHs
ckopoctell, ocHOBaHHBII Ha nocryJjate abcOIOTHOrO Bpe-
MeHH.

W3 npursatus nocrynaroB I wu Il npexne Bcero cie-
ayer, 4To npeofpasoBanue (2) auwuelduoe, T. e. 410 HOp-
MyJE, Bbpakawliie T W { B SBHOM BHJe, NpeNcTa-
BJAOT cO0OH MHOrOuJieHbl NepBOH cTerneHH OTHOCHTEJIbHO
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x 1 t (1 naobopot) ). Ecan, kxpome Toro, Mul npumen, KaK
U 1npy BuiBoje npeobpasoBaunii annies, yto HauaabHas
Toyka cHcTeMbl K, T. e, cobuitie £=0, =0, umeer Te Xe
camble goopuuHarel x=0, {=0 B cucreme K, To tpopmyibl,
Bblpaxkawouyte npeoGpasoBanus (2), 6ynyT umers BuA?)!

. F=a(x—vl), F=o(—Sx+i). 2"

'} IlokasaTeasCTBO 5TOrO yTBep:K denuss  Tpebyer npuMeHCHHSA
ZudhepeNiaabHOrO 11 HHTErpPadblioro HCYHC/AEHHE, MoIToMy Mbl HE
npusoiiuM ero. [CymecrByer u 3/emeHTapHOe, HO He O4YeHb [poOCTOe
AOKa3aTeIbCTBO 3TOrO yTBepKIAeHHa (cM. Anekcanapos A [l H
Opunnnnkosa b. B, 3aMmevanus Kk ocHOBAaM TeOPHH OTHOCHTEb-
voctH, Becrnux Jlewunepadckozo ynusepcurera, 11, sum. 4 (1933),
95—110.) — Hpun. ped |

2) BnementapHbA BbLIBOA 3THX (OPMYJN MOMKeT ObiTh BBIIOJIHCH
Crenywownym o6pasom. Kak ymKe 6bi10 CKa3ano BbiLe, oHp AOAXKUBL
GLITh MuHefHbl, T. €. JOAXKHL HMETb BIJ

X=ax}Bt, T=vyx o, (a)

rae koapduuuentst o, B, vy U & HOCTOsARHBI (Me 3aBHCAT OT KOOPAH-
Hat). Paccmotpum nBa coSerua Eo u E. CoGuitmem E, nyct sB-
JIeTCA NOCHLIKa Ccuriada u3 Toukd x=0, =0 cucrems K. CorJacHo
CIeNaHHOMYy Bblule npeamooxenuo, cobuitue Fy umeer B cucreme K
Te XKe caMsle Koopiuuarst x=0, {=0. Bropsim co6uitieM nycrs 6YyNeT
caenyiomee: curaaa S (cm. mocrysar II) mpoxoaut uepes TouKY ¥
(B cucreme K) B MoMeHT mecTHOro spemenu f. Ilytb, npoiimemibifi
curanoM S B TevyeHMe ! CeKyHA, DaBeM X, a TAK KAk CKOpOCTh_ CHI-
Hana, coraacuo nocrynaaty 1, pasHa ¢, to x=ct. Koopawuary x, { CHT-

Hana E wmoryT OmTh Bhunclens: no (opmyaam npeobpasosauus (2)e
TMopcrasus B HUX x=¢f, Mbl NOAYUHUM

X = (ac-p)t, = (yc+-98) ¢

ciefloBaTe/bHO, CKOPOCTb CHrHana S OTHOCHTEIbHO CHCTeMpf K paBHE

x_oetp

£ yc—{—é'

C Zpyrof cTOpOHEL, 3TAa CKOPOCIb, COIiaCHo mocTyaaty Il, papma ¢; MO-
9TOMY MBI HMeEeM

e = ac 4+ P
ye 4=’
HAH
ye! (3 —a)yc—p=0. (6)

Itycte tenep, cursan S nocrail B NPOTHBONONO#HOM Hanpabie-
HUH, CJeLOBaTelbHO, ero CKopocTs fOyler Telepb paBHa —v, npHYeM
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CaenoBatenbHo, nocryaatel [ u Il onpemeasior ¢op-
MyJbl npeobpa3oBaHHi ¢ TOYHOCTBIO JO NMOCTOAHHOrO MHO-
KHTENA . IDTY MOCTOSHHYI MOJMHO HaHTH pasJHYHBIMU
cnocofaMH, M3 KOTOPBIX npoctefiiiyM 6yner, BeposTHO,
Cyie I YIOUHH.

[Tpeobpazopanua [anuaes (G) o6aanamwT CBOHCTBOM
CHMMETPHH, 2 HMEHHO!

1. Popmyarst npeobpasosanuti, ocyuwecTesdroujue ne-
pexod or cuctemwsr K k cucreme K, no ceoemy sudy olu-
HaKoBbL € opmyaamu, OocyulecTaasilowumy obpartuoll ne-
pexod ot cucremot K K cucteme K. _

Heo0XonnMo TObKO 3HaueHHe U CKODOCTH CHCTeMbl K
OTHOCHTEJIHO CHCTeMbl K 3aMeHHTb Ha —U, T. €. Ha 3Haue«
HHEe CKOPOCTH cHCTeMbl K OTHOCHTeNbHO cucreMbl K.

ONsATL I OTHOCHTeJbHO cHereMs! K, u oTnocHTedbHo cucrembl K. Ot-
Clojla BbITEKaeT, 4YTO YypaBHeHHe (6) HOTMKHO HMEeTb MeCTO H B TOM
ciyvae, eC/i ¢ 3aME@HHUTL Ha —C

Y?l— @ —a)yc—f=0. (6")

Boiuts u3 ypasuenns (6) ypasHenue (6), a 3aTeM CJIOXKHB HX, MH
Hafinem
6=a7 Bz\.czi

# dopmyasl (a) npHMYT BHA

x=ox4vyc¥ f=oaffyx. (a’)

Ho cHXx nop Mol wcnosb3oBalu TOAbKO nocrydar Il Onpemennym
Tenepb CKOPoCTh TOYKH X=0 cucteMbl K OTHocuTeqbHO cucreMbl K.
Sta Toyka O (x=0), cOrnacHO NpelNOAOKEHHIO, MPOXOAHT B MOMEHT
Bpemenu f{=0 mMuMo TOuKM x=0 cucremsnl K, npuuem B cHcreme K B
3TOT MOMEHT yachl NMOKa3BBalOT MectHoe Bpems f=0. Ilycts, nanee, Ta
®e camas touka O(x=0) npoxoIHT MHMO TOuKu x cucrembt K B Mo-
MEHT MeCTHOTO BpeMeHu I, Torfa, coraacHo nepsoii us dopmya (a’),

0=ax4vyc? nan

YacrtHoe x/f ecTb He UTO WHOE, KAK CKOPOCTh ToukH O OTHOCHTELHO
cicremst K, a 3ta CKOpoCTh, coriacHo moctyaaty I, passa v. Cuaego-
BaTeJALHO,

c? . v?
'L’:—-‘YT, Hau 'y:—a?-.

IoncraBuB 3To 3Haveune y B dopMyabl (a’), M MOJYYMM HCKOMbIE
tdopmyast (27).
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IMpumem Ttenepb, 4TO CBOWCTBO CHMMeTPHH - (MOCTYy-
aat III) nomxHO cob/iomaTbCsi TaKkKe B paccMaTplBae-
MOM peATHBHCTCKOM caydae'!)., CorsacHo 3TOMy mnocry-
nary, ypaBHeHuss (27), pelueHHble OTHOCHTEIBHO X U !
JOJKHBL HMETb BHJL

x=0(x+ ob), t:a(%;—{—t_)

(¥ H ¢ mepexonaT B & M f, a U 3aMeHsieTCs Ha —U),

C Apyroit CTOPOHBI, 3HAY€HHA X U [ MOXKHO BBHIUMCJHTD
HENOCPeNCTBEHHO M3 ypaBHeHHH (2), ec/H UpPHHATH, YTO
¥ u t ussectHel. Clle0BaTe]bHO, HEOBXONMMO PElIHTbL CH-
CTeMY M3 ABYX ypaBHEHHI MepBofl cTeneHH ¢ ABYMsSi HEH3-
BECTHHIMH ¥ ¥ . BHOOMHHB 3TO H3BECTHHIM 3JieMEHTapHHIM
cr1oco60oM, MBI MOJYUHM!

e R e — (X ). @)
= gt

2

2

IToctynar 1T Tpebyer, uTo6B MHOXKHTEAH

R
02\’
o(1—4r)

CTOsIHE B IpaBbIX uyacTax dopmya (27) u (2'7), Gblau
OAHHAKOBHI, T. €., YTOOHl HMeJN0 MecTO PaBeHCTBO

a H

R

g
1—-Z
PE

Tak xaxk BesuunHa «? NOJAOXKHTEAbHA, TO JOAXKHA OHTHL 110-
JOXKHTENBHOH TakXe pa3HocTh | — 02/c?, cJjlenoBaTe/LHO,
OTHOCHTE/NbHAA CKOPOCTb ¥ cucreM K U K MeHbule (KO-

') Tak Kak »TO CBOHCTBO JIOTHMECKM HE OYEBHAHO, TO MH Chop=
MYJHPOBAJMH €r0 B BHJe ocoboro (TPeThero) MocTyaara,
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poctu ceera ¢. Takum 06pa3om

1
Vi

iipHYeM 3HaueHHMe KBaAPaTHOTO KOpPHA CJelyeT B3ATb, Kak
GyneT mnokaszaHo Huxe (cM. cTp. 182), co 3HaKOM miloC.
dopmyan npeobpasoBanns (2”) mpUMYT BHA

a4 ==

_1__2 (x— vt),

(L)

DTH Tak HasblBaeMmble DENATHBHCTCKHE npeodpasneanis
Jloperya He cOBManawT C KJIacCHYeCKMMH npeoGpasoBa-
HusMu [anunes. B wacTHocTH, BpeMsi Tenepb yxe He al-
COMIOTHO. BMeCTo KnaccHyeckoro paBeHcTBa {=* Mbl HMEEM
IS CBASH MeXJy Toka3aHHaMH { H ¢ 1Byx uyacos Up u Up,

NOMeilieHREIX B Toukax P u P cucrem K u K, npu copna-
neHuu touek P u P sropyw u3 popmya (L). CiaenoBartesb-
HO, BpeMst OTHOCHMTE@JdbHO, T. € 3aBHCHT OT CHCTEMBI
koopannat (K, K w T. 1), B KOTOpOil 3TO BpeMa omnpene-
JIeTCH.

ITo sToit e npuunHe CJOXKeHHe CKOPOCTeil Temeph He
mopuuHsieTcss Kaaccuueckomy 3sakoHy (G'). PeastHBHCT-
cKyio opMy 3TOr0 3aKOHA JIerKO BHBECTH H3 (POPMYJI Npe-
obpasosanuit Jloperna (L) caenywommm o6pasom.

[ycts Temepb S eCTh nPOU3BOAbHLUL CHTHAJ, MOCH-
Aaemblil u3 Touku x=0 cucremsl K B MomeHT BpeMmeHH =0
(sauaabHoe coOmiTHe Eg). B cucreme K 5310 cobmitHe
yMeeT Takne e koopauHatel r=0, 7=0. [anee, nycts
curHan S pocTuraer TOYKH X cHcTeMbl K B MOMEHT Bpe-
menu ¢ (cobeitue E). B cucreme K 370 cobbITHE HMeeT
KOOpIHMHATH %, f, KOTOpble BHUHCAAKTCA MO KOOpHHHaTaM
x u t npu unomomu c¢opmyn (L). Cxopocrs curHana S
OTHOCHTEIbHO cHcTeMbl K paBHa x/t (uacTHOMy OT neJe-
HUS IIYTH Ha BpeMA).
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Pasfenus neByl0 H NpaBYlO YacTH mepBoi u3 GopMyd
(L) coOTBETCTBEHHO Ha JIeBYIO H NpaBYI0 4acTH BTOPOH u3
dopmyn (L), MBI monyddM CKOpOCTb I CHTHajda S OTEO-
CHTEJIbHO cucTembl K:

- X x —ut FY

u:}:_ v v ox '
t—* 1=

HJIH
I u—1v r
U= L)
1 ——
c

3T0 W ecTb pPeNATHBHCTCKHH 3aKOH MHpeobpa3oBaHHi
ckopocret. ITocko/bKy Mbi MpeNONIOKU/IH, YTO OTHOCHTE b~
Has CKOPOCTb U H CKOpOCTb u# curdana S B cucreme K no-
cTOAHHH, TO H3 ¢opmyasl (L) ciepyer, uto curHan S
HMeeT, KaK H B KJaCCHYeCKOM C¢Jydae, NOCTOSHHYHO CKO-
pOCThb 7 TaKke OTHOCHTeNbHO cucTeMbt K. OpnHako Tte-
nepe CKOpPOCTb ¥ paBHa He DasHOCTH u — U, KaK B KJjac-
cuyeckoll (pH3HKe, a PA3HOCTH 4 — U, JAe]eHHOA Ha BhIpa-
Kenue | — uu/c?,

N3 ¢opmyanl (L) HenocpencTBeHHO BEITEKaeT, 4TO CKo-
poCTb cBeta ¢ HefICTBUTEJbHO NPHHHMaeT OAHO H TO XKe
3HaueHHe IJs BceX JopeHueBbix cuctem K, K u 1. 1. B ca-
MoM jesie, nojoxHE B Qopmyne (L) u=c, mbl noayuum
cC—v c—v

u= v c—vu
1 -2

E4

cJle/l0BaTeNbHO, @ =cC, KaK 3Toro u TpebyeT noCTyJar mo-
CTOSIHCTBA CKOPOCTH cBeTa.

Cpasrenue npeobpasosannil Iaruses u Jlopenya

Ilepsast u3 ¢dopmyn npeobpasosaHuil Jlopenua (L) or-
JIHYaeTcs OT COOTBETCTBYyIOUeH (QOpMYyJab T=X— Uf Tpe-
ofpasoBaHuil ["anuies TOJILKO TeM, 4TO B e€e NpaBoil yacTH
nepejl Bbipa)KeHHeM X — vf CTOHT elje TaK HasblBaeMblil
«Koaduuyuent Jlopenua»
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rae ¢ ecTb CKOPOCTb CBeTa, a U— CKOPOCTb CHCTEMB K
oTHocHTeJbHO cucTteMel K. Ecaum ckopocTs v Mada mno
CpaBHEHHIO CO CKOPOCTHIO €, TO MaJi0 TaKkKe W YacTHOe v/c,
4 peauunHa 1 — v3/c? nuib He3HauWTeNbHO OTJHYAeTCs Of
enquHuubl. TO e caMoe HMeeT MecTOo H JJIst KBaJpaTHOro
KOpHsl, Mo3TOMy oOpaTHOe 3Hauenpe 3TOrO KOpHS, paB-
HOE o, TeM MeHblle OTJIHUaercs OT «raJjiujieeBa 3HaYeHHS»
a=1, ueM MeHblle OTHOCHTEJbHAas CKOpPOCTb U MO CpaBHe-
HHIO CO CKODOCTBLIO CBeTa C.

IMycts, Hanpumep, cucTemMa K ecTb KeNe3HOHNOPOXKHOE
moN0THO, a cucTemMa K — noesj, ABHXKYIUAcCS €O CKO-
pocteto v=100 xm/zac. Torna yactHoe v/c paBHO HpHOIH-
3UTeJILHO OJHOM HeCcSATHMHJIJIMOHHON, W NpPOCTOe BhluHCIE-
HHe MOoKasbliBaeT, 4T0 ¢ B 3TOM CJiyyae npHOJHKeHHO PaBHO

a=1,00...05,

rae nepeeie 14 HeCATHUHBIX 3HAKOB PaBHbI HYJIO.
K ananoruuHoMy pesyjbTaTy HpPHBOJIHT H BTOpas ¢op-
MyJa npeoGpasopanuit JlopeHua

f=a (t—«—:,‘,—x)—fat—-‘%;x.

Ecau v MaJio o cpaBHEHHIO € ¢, TO @ JIHUIb OueHb HEMHOrO
npepsinaeT eAuHuny. Kpome toro, B uneHe (v/c?)x MHOXH-
Teb v/c? ucuesatomie MaJg. IlosTomy BTODOH uJjieH upe3Bhbl-
yallHO MaJs, eCJH TOJbKO x He oueHb Beauko. Crenosa-
TeJIbHO, BPEMeHHAs KoopiuHaTa f{ ¢ 00/1bLIOH TOUHOCTBIO
paBHa [={, T. e. TOMYy 3HaueHHIO, KOTopoe Tpebyercs MO~
CTyJ1aTOM abCOJIIOTHOIO BpeMeHH.

Wrtak, Mbl BHAHM, 4TO 4eM MeHblle OTHOCHTENBbHAas CKO-
poctb v cucteM K 1 K, TeM MeHbllle OT/IHYAIOTCA Npeobpa-
sopanua Jlopenua o1 npeo6paszopanuli I'anunes. Ciaenosa-
TeJIbHO, KHHEMaTHKa KJjaccudyeckoli (PH3HKH COIEPXKHTCA
B PeJATHBUCTCKON KHHeMaTHKe KaK npedeasroili cayuad.
HOnst cpaBHuTenbHO HeGOJBIINX cKopocTed v, AJs TakHX,
KOTOpble B HallleM HOBCEJHEBHOM ONbITe SBIAITCH «HOP-
MaJIbHBIMU», BBIBOILBI TEOPHHM OTHOCHTEJbHOCTH MPAaKTH-
yeCKH COBMajalT C BbIBOJnaMH MexaHuxu HboToHa.

B uacTHocTH, Takoe coBNajeHHe HMEET MeCTO TaKkKe
IS 3aKOHa cJjoXeHus cxkopoctefl. B camom nmene, ecau
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B popmyae (L") ¢ 6ymer neorpaHuyeHHo pacri, To B npe-
Jese moJyuuTcs Kjaccuueckoe mpasuno (Q') 1 @=u—uv.

Takum oGpasom, B 60Jbliuell YacTH NMPAKTHUECKHX CJY-
uyaep 06e3pas/HuHO, [OAB30BAThCS JH NPeOGPA3OBAHHAMH
Jlopenna wnau mupeobpasosanuamu Tanunes. Huaue 006-
CTOHT He/0 B TeX CJAyuasix, KOrja paccmaTpHBaembie pac-
CTOAHHA W/AH CKOPOCTh © BecbMa BeauKH. Toraa MHOXKH-
Telb @ CTAHOBUTCS 3HAUNTENbHO OOJBIIMM €IMHHIbI, HIpe-
o0pasoBaHns JlopeHia MNPHBONAT K COBEpIIEHHO HHBIM
pesysnbTataMm, uem npeo6pasopaHus [aawnes. C TakuMH
SIBJIEHHSAMU BCTpeuaeTcss COBpeMeHHas (U3UKa, HanpuMep
TEOPHs aToMa, HPH HCCJIeN0BaHHM Upe3BHYaHHO ObICTPHIX
ABJEHHI U3Ny4eHHA H Kogebanuil. Korpa ckopocte v mpH-
GauxkaeTcss K CKOPOCTH CBeTa ¢, MHOxuressv Jlopeuya 803-
pacraer HeOZpaHIUErHO.

M3 ckasaHHOTO BGHIllE BHAHO, YTO B OTHOCHTEJBHOCTH
BpeMeHH, B mocTyJjaTe INOCTOAHCTBA CKOPOCTH CBeTa WJH
B npeofpazoBaHusXx JlopeHua HET HHUEro MHCTHYECKOTO.
s NpHBHIKMIMX K TNOHATHAM KJAaccHuecKoll (Gusuru KH-
HeMAaTHKa TeopHH OTHOCHTE/JBHOCTH CHauana Kaxercd
cTpaHHOl. Mexy TeM npaBHibHOe NOHHMaHHe peadaTH-
BHCTCKHX [OHSATHHA BpAX /M TpyAHee, yeM NHOHHMaHHe CO-
OTBETCTBYWOLIUX KJ/JAACCHYECKHX TOHATHH, KOHe4YHo, NpH
YCJIOBHH HCKJOUeHHS MOBEPXHOCTHOTO HOAXO04a KO BCEMY
BONPOCY H [OrMaTH4ecKOofl NpHBEPKEHHOCTH K CTapoMy
XOAY MbICaei.

Tem He Mence He/sb3s OTpPHIATh, YTO KJaCCHUECKHe
npeacTaBJeHus, 6YAYUH NpelenbHbM CJyYaeM peJATHBHCT-
CKMX TpejcTaBjeHuil, 3aHuMaloT ocoloe MOJNOKeHHe, YiKe
popmanabHbil Buag npeobpaszosaHuil Jlopehua noxaswiBaert,
UTO CTPYKTYpa DpeJAATHBUCTCKON KHHeMaTHKH HeCKOJbKO
C/I0KHee, ueM Y KJacchHueckKoll KuHematuxu. KnaccHueckoe
npejacTaBnenue f=/! (moctysiar abGCOMOTHOrO BpEMEHH),
6e3 cOMHeHHs, IIpOllle, YeM NPHHATHE OTHOCHTENbLHOTO, 3a-
BHCAIllero OT BbI6ODa CHCTEMH OTcueTa, BpeMeHH [Bropas
H3 dopmya (L) mpeobpasosanuit Jlopenual.

Crpem/ieHne vesjoBeueckoro pasyMa kK o00pa3oBaHHIO
IPOCTHIX M SKOHOMHBIX INOHATHH O6GBACHAET, NoYyeMy BOC-
HPHATHE [POCTPaHCTBEHHO-BPEeMEHHBIX HBJeHH#H cHavajaa
npUBEJIO K e8KAN008Y TNpesCTaBJeHHId H TOJLKO 3HAUH-
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TeNLHO MO3jHee H HPHTOM C OOJbIINM TPYHOM — K Hees-
KAMIOBOH Teopuu npoctpaHcTBa. CoBeplIeHHO aHaJOrHYyHO
06CTOSA/IO 1eJI0 M C TIOHsiTHeM BpemeHH., B Hamem mnosce-
JHEBHOM ONbITe MHl BIOJHe 06XOIMMCS NPOCTHIM HpelcTa-
BJeHuem o6 afconoTHOM BpeMeHH. HMMeHHO mosToMy B Te-
yeHye THicAuesJeTHH HHKaKad npHuyHHA He nobyxpana de-
JoBeKa BRecTH (oJiee CJOXKHOE pPedsTHBHCTCKOE IOHSITHE
ppemenn. OnHAKO ¢ pa3BUTHEM HaykKH, NpH HeNpecTaHHOM
YTOUHEHHH H pacIlHpeHHH KaK HPaKkTHYeCKOrO ONuITa, Tax
M TeOpeTHUeCKHX 3HaHHWH BO3HMKJA HeoOXOHMMOCTb Hepe-
CMOTpeTb NOHATHE BpeMeHH, UTO M NPHBEJO OT KJacchue-
CKOTO TOHHMAHH# KHHEMATHKH K DPEJISATHBHCTCKOMY Tpej-
cTaBJenHw. Heckosbko mo3xe HoBble (HAOCODCKO-TEOpE-
THYECKHE B3TJAAH NMpHBE K Upe3BbiUaiiHO Ba:KHbIM Mpak-
THUECKHM IMOCJEeHCTBHAM, CBHIETENAMH KOTODBIX Mbl CTaJH
B TeKYI(EM CTO/ETHH.

B nepBble roanl BO3HHUKIOBEHHs TEeOPHH OTHOCHTEIb-
HOCTH IPOTHBHHMKH HOBSHIX HJefl NMPOU3BOAHJH MHOIOUHC/IEH-
Hbl€ OMBLITH C [HeAbil0 OGHAaPYXKHTb MHHEMble GecCMbICTeH-
HOCTH H INPOTHBOpeuHst PeNATHBHCTCKHX MpencTaBJjeHHil.
Takoe oTpHLaTesbHOe OTHOLIEHHE K TEODHH OTHOCHTE/b-
HOCTH NpHXOAHTCA HabJIofaTh M Tenepb, lpaBna, TOAbKO
€O CTOPOWB! HecnelnaJuctoB!). B npomexiive rons MHe
YyacTo NPHXOAM/JAOCH paccMaTpuBaTh MONBITKH  JOKa3ath
OPOTHBOPEYUBOCTb NPHHUMIOB TEOPHH OTHOCHTENBHOCTH.
Owubounsle 3ak/JIOYeHHs, BbIBHraeMbie NPOTHB TEOpIH
OTHOCUTEJILHOCTH, OCHOBBIBAIOTCS OOBIUHO HA CchAeiyoued
nyragnuue.

JKenas moxasatb npoTHBOPEUMBOCTb, HalpHMep, MOCTY-
naTa DfinmirefiHa 06 HHBapUaHTHOCTH CKOPOCTH CBeTa, Npo-
THBHHKH TEOPHH OTHOCHTENBHOCTH B CBOHX DacCyXKIEHUsX
YacTO BBIABHraioT (He 3ameuas 3TOT0) B KauecTse NPOTH-
BOTIOJIOJKHBIX apryMEeHTOB NDUHHLHNBL K1accudeckoil gualky,
HanpuMep 3aKOH C/0MeHHs ckopocreil. Mexay TeM B Teo-
PHH OTHOCHTEJIbHOCTH KJiacCHUeCKHe NPHHUHUIILI Hernpume-

") OxHaKO HecKOJAbKO paHplile AKTHBHOE NPOTHUBOIEHCTBHE TEODHH
OTHOCHTE/IbHOCTH GKa3bIBAJM TaKke HekoTopele Gusuku v dusocods.
KnaccuueckuM CBOHROM 4YeJ0BeuecKux 3aGayXK/JeMH#i W Hay4HOro Mpa-
KoGecHs CAYXKHT H3A4HEHE B rurieposckoit ['epmanuu ToM «l1C0 as-
TOPOB MNPOTHB IDiHuTeliHA>, COASPKAMME, VYBh, «H3LCKAaHHA» JAa/EKO
He OJHHX TO/BKO QamucTcRux yuuis . — [Tpum. ped,
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§ 4. MHP COBBITHVM X ETO TEOMETPMA

HUMb, H camo coBofl TOHATHO, YTO I[PH KPHUTHKE Teo-
pull OTHOCUTEAbHOCTU TakHe ApryMeHThl He MOCYT HpHMe-
HATbCS.

Kaxnomy, obaanaiomemMy ONpeieJeHHBIM KDYroM 3Ha-
Hiil B oGsacTH 3/JeMeHTapHOH MaTeMaTHKH, JOJXKHO OblTh
SICHO, UTO B KHHEMAaTHKe TeOpHH OTHOCHTEJNbHOCTH He CO-
HepKUTCA HHUKaKHX Jiorndecknx npothBopeunil. Uro ka-
caeTcss 3MITHpHYECKOH NPHMEHHMOCTH 9TO KHHEMAaTHKH, TO
C TeueHneM BpeMeHH OHa rosyuyaeT Bce HOBble H HOBHE
MOATBEPH IEHHS.

§ 4. Mup coGLITHii W ero reomMerpHs

B § 6 ra. 1T pusuueckue cobultua £ n3obpamxannch Kak
TOUKH yeThlpeXMepHOro «Mupa cobwbitait». «MupoBas TOU-
ka» E omnpepenssiaCb OTHOCHTEJbHO (PH3NUECKOH CHCTEMH
KOOpIAHHAT (NmpocTpaHCTBEHHO-BpeMeHHO chuctemnl) K Tpe-
M NPOCTPAaHCTBEHHBIMH KOOpiMHaTaM4 X, Y, Z H OXHON
BPEMEHHOH KoopauHatol £

JInsg HaraspHOCTH Mbl OPpPaHHYM/IHCh PacCMOTPEHHMEM
pOCTPaHCTBEHHO oxHOMepHOH cucteMs K. B atoM cnyuae
cobeitie E nsolpaxasoch TOUKOH IBYMEPHOH <«IJOCKOCTH
cobuituit». Takas mupoBas Touka E ompenensjach AByMd
KOOpAHHATaMu — ONHOH NpOCTPaHCTBEHHOH (x) H OLHOA
BpeMeHHOH (¢) (cm. puc. 34, cTp. 143).

B nacTosimiell, Tpetbefl Ty1aBe ME Nnepemlyiy K OMHCAHUIO
cobuitil E oTHocHTeNbHO O8yx paszauunvix cucteM K u K,
paBHOMEpHO JABHMYLIHXCH o0nHa OTHOCHTeJbHO HApYyro#
(ckopocTb U cHcTeMB K OTHOCHTeNbHO cHCTeMbl K 1io-
crosana). Tenepb Kaxpuofl MupoBok Touke E cCOOTBETCTBYIOT
aBe napbl koopauHat: (x, f) B K u (¥, {) —B K. CBs3p
MeXJy STHMH napaMy KOOpDAMHAT YcTaHaBJ/HMBaeIcs IIpH
noMmouu ofwelt gopmynasl npeoGpazoBaHust KoopiHHAT (2)
(ctp. 161). Co6uituio E cooTBercTByeT B cucreMe K Touxa
¢ KoopauHatamu (X, t), B cucteme K — TOuyKa ¢ KOOpAHHA-
tamu (%, ). CaenoBatensHo, eciau ocH cucreM K U K Ha-
4epTHTb B 06YX PA3AUYHBIX TLIOCKOCTAX, TO cobuitHio E
B KaXAOH nJoCKoCTH OyHeT COOTBETCTBOBaTHL Olpeje-
JeHHas u3o6paxatomasa touka. Dopmyna npeobpaszoBaHus
(2) onpenensier oIHO3HAUHOE COOTBETCTBHE MEXAY TOUKa-
MH 3THX MJOCKOCTeH,
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Mbl nmosyudM Gosee HarJIAfHOe reoOMeTpHuecKoe mnpel-
CTaBJeHHe 3TOr0 COOTBETCTBHUSA, €CJM pasHble KOOpJAHHAT-
Hble cucTeMbl K i K HauepTuM B 0OHOU U Tol e «mo-
ckoctd cobmitui» (E). Ilpn 3ToM BO3HHKaeT C/AeRYIOIil
BOTIPOC: KaK MPOBECTH OCH KOOpIMHAT X, ¥, { U ¢ /11 TOIO,
utoObl KOOpAMHATHL (X, {) u (T, f) Kakoro-Hubyap cobbi-
i E Gbuin cBa3auel mexay coboli 1) npeoGpa3oBaHHAMH
lanunesn; 2) npeobGpasoBanusmu Jlopenua.

Teomerpuueckoe npedcrasaenue npeotpaszoeanuti aruses

Chrauana pelldM TOCTaBJeHHYH 3ajauy Anas Hpeobpa-
3oBaHui I'anunesn

Xx=x—t, =1.

B stOoM coyuae onHuM H3 yAOGHHIX cnocofos pacmoJoxke-
Bus cuctem koopamHat K H K saBaseTcs  caeayrouudil

¢ f

8 R

Puc. 46.

(puc. 46). Ocu oxuoii u3 cHcTeMm, Hanpumep cHcTembl K,
NPOBOAATCH TMPOH3BOJIBLHO, mpldeM Ge3passduHoO, MO mps-
MbIM WJH He OPAMBIM YIVIOM OAHa K apyroii. Cucrema K
pacrnonaraercst B Toil xe nnockoctd. Tax kak t=? (Bpems
a6cosoTHO), TO ocb T (£=0) cucrembt K JMOJKHa COBNACThb
¢ ocbio x (£=0) cucremsr K.
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§ 4. MIIP COBBITUFM Y ETC FEOMETPHUS

Hao6opor, och Bpemenn (och MOCTOSIHHOTO MeCTa) NpH
nepexone or cucremn! K K cucreme K [0J/KHa H3MeHHTBHCH.
B camom pnene, B ciucreMe K ee ypasHeHHEM 6yaer x=0,
a B cucteMe K B COOTBETCTBHH C neppoil u3 ¢opMya npeob-
pasopaunit anmnen r=x—vt=0, 1. e. x=vf. Caenona-
TeJIbHO, € TOUKH 3peHus cucreMsl K ochio ¢ Gyner mpaMas
c nogbemoM 1/v (puc. 46).

Koopannatel MupoBoil Touku £ Mbt Onpenesnm, Crpoek-
THPOBaB TOYKY E Ha COOTBETCTBYIOLHE OCH, BO-NEpPBHIX, N0~
CpeJICTBOM MNPAMOH, apannebHOfl ocd X (MJH, 4TO TO Ke
camoe, OCH T), U, BO-BTOPbIX, TOCPE/ACTBOM NpPAMOK, napas-
JIeNIbHOH ocH { WM CcoOTBeTcTBeHHO ocu f. Tak Kak f=f¢,
TO exHHUnb BpeMeHH {f=1, =1) nosxHb GbiTh BHIOpaHH
TaK, 4To6b TOukH (x=0, f=1) u (¥=0, =1), cooTBer-
CTBYIOIHE euHHIaM BpeMeHH, JeXanyu Ha npsaMoli, mapan-
nespHOR ocH x (uau T). Torpa uncieHHBle 3HAUEHHT KOOP-
OMHAT BpeMeHHd ! W I MupoBoro cobeitua E Oyayr oduxa-
K08bl, KaK 3Toro W tpebyer mocryjiar abco/iOTHOIO Bpeme-
HY f=t.

Teomerpuueckoe npedcrasrenue npeobpasosanuii Jloperya

IMepefinem k npeobpasosanuam Jlopenna, Kak u Bulile,
pacnoioXKuM ORHY U3 CHCTEM KOOpAHHAT, HanpuMep K,
NpOU3BOIbHO B «MHpOBOll naockoctH» (E). Torpa smbop
cictembsl K Oymer OAHO3HAyHO onpeaeneH npeobpaszoBa-
Husamu JlopeHua.

Ionoxenue ocu x cucremsl X Mb HafiieM, 10JCTaBHB
BO BTOpylo H3 ¢opMyn mnpeoGpasopanuil Jlopenuna (L)
t=0; torga MH moayuuM

t——;—xzo,

crenoBatesbHO, OCbio ¥ OyneT mupsamasi, HOAbEM KOTOPO#
(B cucteme K) paBeH f/x=uv/c?. Takum o6pa3om, Temepb
OCb ¥ He cOBNazaer ¢ oceio X (puc. 47).

Ocb Bpemeny cuctembl K (T. e. ocb [) HMeeT ypaBHEHHe
¥=0 wuau, corjacHo ueppoit U3 dopmyva (L),

x— vt =0.

ChenoBatenbHo, ock I pacnoJjaraeTcs B cucreMe K Tak ke,
KaK # B K/iaCCHYeCKOM cJyuae.
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[Tocne Buibopa enHHHL AMHHBL ¥ BpeMeHH B cHcteMe K
COOTBETCTBYIOLIHE eJHHHIB B cHcTeMe K OJHO3HAYHO Onpe-
JelsitoTcs npeo6pazopanuamu Jloperua. PesyabTat noay-
qaeTcss HeckoJibKo GoJsee caoxHbIM, [IpuBesem ero 3nmech
6e3 noscHeHH#, nokasaTenLCIBO AanwM Huxe (ctp. 197).

Prc. 47. Egununa aaunst = 150000 x4, enunuua spemenu =1 cex;
c=2, v=1/2.

[Tpu npeobpasopanusx Iannies exnHHYHBLH BpeMeHHO
BeKTOp /s cucTembl K (T, e. BeKTOp, COeIHHSIOIMI 0O-
uylo HayanbHyo Touky O=0 o6enx cucrem xoopuuHat K
H K ¢ touroi z=0, t—l) onpenensercs nepeceyeHHeM
ocH I, T. e. npﬂMon x=uv¢ B cucteMe K, c upamolt {=f=1,
napannensHoll ocH x. [lpu upeo6pasoBaHusx .Hope}ma
ocb ! ocraercs Takoil e, Kak NpH npeoGpasoBaHusx la-
quies, HO Temlepb NS MOJYYeHHs eAMHHYHOTO BPEMEHHOro
BEKTOpa Ocb ! J0/KHa ObITh mepeceueHa BepXHEH BeTBbIO
runepbosib

(cm. puc. 47).

§ 5. IPEOBPA30OBAIIHS JIOPEHIA H MNOCTYJIAT ONPHUHHHOCTH

B k/accnuyeckoM cJydae OCH X ¥ ¥ COBNajaloT, MO3TOMY
e/lMHHYHBII TPOCTPaHCTBEHHHI BeKTOp, COenMHAIIHA 00-
uyo HauanbHyio Touky O=0 obenx cncrem koopaunat K
H K ¢ tougoii =1, I=0, onuH H TOT e B 06enx CHCTe-
wax K n K. Wnaue noayuaeTcs HpH  npeobpa3oBaHHAX
Jlopenua. Temeps koHeuHast Touka r=1, i =0 exHHHYHOTO
NPOCTPAHCTBEHHOTO BeKTOpa B cHcTeme K JIEXKHUT B nepe-
ceyenun ocH T (T. e. mpamoil f=uvx/c?) c npaBoil BETBLIO
runepbonsl x2 — c??2=1 (cm. puc. 47).

§ 5. llpeoGpasosaunsa JlopeHna u nocrynaar
IPHYHHHOCTH

3aliMemcst HcciienoBaHHEM HHTepBaJoOB MeXAY COOH-
THAMH N NPOCTPAHCTBEHHBIMH H BPEeMeHHBIMH [POeKUHAMH
3THX MHTEpPBAJIOB C TOUKH 3DEHHS KJAacCHueCKoll H pessiTH-
BHCTCKOH KHHEMaTHKH.

Pacemotpum nBa coboitug Ey W E; ¥ uX KOOpAMHATH:
(%1, ty), (%9, £2) B cucreme K u (Fy, 1), (%s, I2) B cucre-
Me K. IlpocTpaHCTBEHHBIMH H BPEMEHHBIMH «MpOEKIHSAMHY
uHTepBana EE; Mexny cobuituamu E; u E» Gylrem Hasbl-
BaTh BeJHUHHH

AX=XQ—)C1, AX:EQ"—/EI

At=12—t1, At_zt_g“[;.
[ToxcTaBuM KoOpAHHATH pacCMaTpuBaeMbX JBYX cOOHI-
THH B popMynni npeoépasosaﬂnn Canunes
X=x—vf, t=t

H BbIYTEM [OJyueHHble paBeHCTBa i cobwitus Es M3 co-
OTBEeTCTBYIOUIMX pDaBeHCTB HA1 cobbitHs E;. MB HOAYUHM

Ax=Ax — oA}, Af=Aft. (G")

AnanornunelM 06pazoM H3 (opmya npeobpasoBaHuit Jlo-
peHua Mbl Ha#haeM

Ax=a(Ax —vAf), Af=a(At_§;Ax), (L")
riue
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ecTb Koapduunent Jlopenna. Mut BHaHM, 4TO B 000HX cay-
yasx AJs pasHocTedl KOOpAHHAT MOJAyyamoTcH (POPMYJbl Ta-
KO¥i e CTPYKTYpbI, KaK M IJIsl CaMHX KOOpIHHAT.

Takum o6pasom, npu npeobpasopanusax [ajunes uHTep-
Ban EE; mexnay asyms cobeituamu E, u E; umeer onu-
HaKOBBIE BpeMeHHble NpoeKuHu B 00enX KOOPAHHATHHIX CH-
cremax, T. e. Af=A¥{, uyto, BnpoueM, cpa3y BhITeKaeT TaKkKe
U3 NPe/ITONIOKeHHs] 06 abconotHOM BpemeHn. Yro Kacaercs
NPOCTPAHCTBEHHON TpOeKuHH Ax, TO HpH nepexojge K CH-
cTeMe K OHa HM3MEHseTCHA M, KaK IOKa3biBaeT neppas H3
dopmya (GQ”), cranoButcs paBHON AX=Ax—uvAl B Te0-
pPHH OTHOCHTE/bHOCTH NpU nepexone 0T cucreMbl K K CH-
creme K H3MeHsIOTCS, KaKk mokasbiBaoT dopmyast (L), u
pOCTpaHCTBeHHAA, H BpeMEHHAA NPOeKIHH.

[Mpennonoxkum, uto cobuitia Ey 1 Es C TOUKH 3peHus
cHcTeMbl K mpoHcxonat B OMHOM M ToMm ke Mecre. Crefo-
Bate/bHO, cobbitue E; 0TBeuaeT B cHcteMe K HemoABHKHOM
Touke P B MOMeHT BpeMeHH f=t{;, a coGbitue E>— 1Ol XKe
Touke P B GoJsiee NO3MHHI MOMeHT BpemeHH f=1>{;, Tax
Kax touyka P npencraBaser coGofl «cur#an», 1o cobnithe Es,
COriacHO NOCTYAQTY NPUUUHHOCTU, HACTyNaeT 1M03XKe Cobul-
THst Ey BO BceX cHCTeMaX KOODRMHAT, B YacTHOCTH H B CH-
creme K. Ilostomy fy>1%y, unu Af>0. CnesoBatennHo, Ha
ocHoBaHHH BTOpoH W3 dopmya (L) u ¢ yuetom Toro, uro
Ax=0, Mb UMeeM

A7 = a(At-——Ax)—aAt>O

Tak kak Af>0, TO U3 5TOr0 COOTHOUIEHHS BHITEKAeT, 4TO
ko3bpunnent Jlopenua « nosmker 6biTh Gogbiie HyJasl. Mol
BHAHM, UYTO CHeNaHHBl Ha cTp. 172 BhIOGOp DOJOKHTEJD-
HOTO 3HaKa Mepex KBaApaTHbIM KOpHeM, OmnpelessiolinM
Ko3b(pHuHeHT «, MpeAcraBaser coboil zosuueckoe caed-
cT8UE NOCTYAATA RPULUHHOCTU.

M3 atoro mocTynara BBITEKaeT elle OJHO CJenCcTBHE.
Boiwe (ctp. 171) Mbl BHSACHHAH, 4TO GOpMyJnl npeobpaszo-
BaHHa Jlopenua (L) uMeOT CMBICT TOJBKO B TOM caydae,
KOTJ1a OTHOCHTeJbHAas cKopocTb v cucteM K u K mewsuie
CKOPOCTH cgeTa. DTO OGCTOATENLCTBO, ONHAKO, HE CAEIYeT
BBOJAMTbL B [KayeCTBE HOBOTO, HE3aBHCIIMOI0 MOCTYJaTa.
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§ 5. MIPEOBPA30OBAHIIG JIOPEHHA W OOCTYJIAT NMPHUHHHOCTHU

B camom nese, 3 nOCTyAGTA NPUYURHOCTY caefyeT obmas
Teopema:

Husapuantras ckopocTs ceeTa ¢ s84seTcs Hauboabuled
BO3MONMHOU CKOPOCTOIO CUSHAAL.

HoxasateanctBo. [lycte S ecrb cursan, zabmo-
JaeMblil B ToOuKe ¥x=wxy cucTeMbl K B MOMEHT BpeMeHH [=
=1, U UpOXOAAWMH uepe3 TOUKY X=X B Gojee MO3AHHH
MOMEHT BpeMeHH [=1{y ({z>{;). IlycTb KOOpHHHATAMH 5THX
o6oux cobutuit £y u E; B cucteMe K GyAyT T=%1, L=11 H
COOTBETCTBEHHO, T=1X,, [ =1 Tak Kaxk E;— E,, TO u3 3TOrO
MPHYHHHOrO OTHOUIEHHs cJjenyeT, uto ofe BesqnuyHHH Af=
=f—1t 1 Al=%,— I; noaoxntesabHsl. COrJacHo BTOPOH
u3 dopmya (L) met umeeM

Af=a (At S Ax)

Tax kaxk Ai>0u >0, To oTclOna chenyer, 4TO

At—%Ax>0,

WAH (ecad NpennoJoXHTb, 4T0 0>0, uTO He O3HauaeT HH-
KaKoro orpaiHueHus)

Ax c2 c

w <T=Cy (2)
YacrHoe cieBa («IyTb, HeNeHlibilt Ha BpeMsi») AaeT (cpen-
HIOIO) CKOpOCTh cHrHaja S oTHocHTeqbHO cucteMbl K. Co-
rsacHo ¢opmyse (a) 3Ta CKOPOCTb He MOXKET MPEeBbICHTDH
3HaueHHs c?/v.

DToT pe3ynbTaT chnpaBeiJHB Npu JioboM Bhibope cli-
crembl K, n1BHxYyIefics oTHocuTebHO cructems! K. ITpenno-
JIOXKHMM Terepb, UTO CYLeCTBYIOT cHcTeMbl K, OTHOCHTeJb-
Hble CKOPOCTH KOTOpHIX 110 OTHOIIEHHIO X cucTeme K ckounb
yrogHo OJH3KH K CKOPOCTH cBeTa ¢. B Taxom cayuae yacT-
Hoe c/v Oyner NpuUHHMAaTb 3HAUEHHsi, CKOJb YrOHLHO MaJao
oTJHYaIiKecs 0T eJHHHIB, CJAeiOBaTeNbHO, Npapas yacTb
c?/v HepaBeHcrBa (a) Oyxer cKoJb YTOAHO MaJo OTJH-
4aTbes OT MOCTOSHHOI ¢, a MOTOMY

Ax
i Se
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D710 o03Hauaer, uTO CKOPOCTb CHrHala He MOXeT ObiTb
GoJibllle CKOPOCTH CBeTa, YTo H TPebOBaJOCh [0Ka3aTh.

Taxum o6pa3om, corJacHo TeOPHH OTHOCHTENBLHOCTH
CBET sBJseTcs Hauboaee OviCTpuiMm W3 BCeX (PH3NUECKHX
CHIHaJO0B. DT0 YTBepK[eHHe C€TaN0 HCTOUHHKOM JiO0Cajbl
NS IpHBEpKEeHeB K1accHueckux npexacrabnaennii. [Tostomy
ocraHoBuMcst Gojiee MogpoOHO Ha KPHUTHUECKOM aHasH3e
3TOT0 Bompoca.

Hatue H3noxeHne OCHOBBIBaeTCst Ha ABYX GyHnamen-
TaAbHBIX NOCTy/aTax!

1) Ha mocTy/iaTe NPHUHHHOCTH [J/1st BPeMEHHOI1 mnocie-
JIOBATENbHOCTH COOBITHI;

2) Ha HEe3aBHCHMOCTH CKODOCTH CBeTa ¢ OT BhiGopa Cit-
cTeMbl 0TcueTa, B KOTOPOH 3Ta CKOPOCTb Olpejesisiercs.

Kak 6bl nu Gbijla mocTpoeHa (PH3HUECKAs KHHEMaTHKA,
nocTynaT NPHUMHHOCTH HOJKeH cobmonatbes. Econ xkena-
TebHO He HCKJ/IoYaTh BO3MOMHOCTH, 4TO B NPHNOAE MOTYT
CYLeCTBOBAaTh CHIHAMBl CO CKOPOCTAMM, O0A6UUMU CKO-
pocTH cBeTa, TO Heo6XONMMO OTKasaTbCssi OT IOCTyJara
DliHiTe#Ha O MOCTOAHCTBE CKOpocTH cseTa. OxgHako 3TOT
HOCTyJaT ¢ GoJblIOH HaneXHOCTLIO TONTBEPXKICH Imiu-
pudecku B CBA3M C pas3JHyHbIME oOcTositesbcTBaMu. He
uMeercss HHKaKHX OCHOBaHWH npeanosnaraTb, YTO KaKHe-HH-
fynb HOBBIE 3KCNEPUMEHTHl OIIPOBEPTHYT 3TOT NOCTYJaT.

Takum 06pa3oM, 3aKJAIOUHTEJNbHHIN BbIBOA, BBITEKalo-
muit ¥3 noctysaata DiHwWrTeliHa, T. €. TO, 4T0 CKOPOCTb CBETa
ABJsieTCA HanGoJblied U3 BO3MOMHBIX CKOpOCTell pacnpo-
CTpaHeHHss CHTHala, TakKe CJeIyeT CUHTaTb OOOCHOBaH-
HBIM H JIOTHYECKH, H IMIHPHUYECKH.

[TpoTuBHHKH TEOPHH OTHOCHTEJbHOCTH IBITANHCH ONPO-
BepraTth 3TC CJeACTBHe, NPHBOAA B KauecTBe [oKasaTeiib-
CTBA TakHe sIBJEHHsi NPHPOABI, KOTOPble HA MepBBIfl B3rIsam
pacnpoctpansitorcst Geicrpee cseTa. Onnako cpasy oGHa-
py*)uBaeTcst, UTO BCE 3TH NONBITKH OCHOBaHEl Ha HeBepHOIl
HHTeprnpeTannyd pacCMaTpHBaeMoro caelCTBHA TOCTy/laTa
OitHmTeiHa. B caMom gpene, 370 caeiaCTBHE COMAEPXKHT
TOJIbKO YTBEpPIXKIEHHE, UYTO CBeT sBJseTcss Haubonee Obl-
CTPBIM U3 BceX ¢Quauueckux cuenaros. Ho tako#l curnan S
npenctapasier cobofi He BooOpaxaeMblfl mpouece, a npo-
uecc, KOTOpulfi Mo¥Ker OBITh OOHapyMeH aMnupuqecki
B BUJe TpUYHHHOK uenu. Taxkas uenb oOpasyeTcs mocJeno-

184

§ 5. IPEOBPA3OBAHMS JIOPEHLIA M HOCTYJIAT NPUIMHHOCTH

BaTe/NbHOCTbIO cOOBITHt Ey, E», ..., H3 KOTOpPHX KaxJaoe
npenblayiliee sBAsSETCS HPHUUHHON MoCAeNYIOLIETO, T. €.

S: Ei—>E,— ... >E,— ...

[TostoMy Bce 3TH coOBITHA Ha OCHOBaHHM NOCTYJara MpH-
YHHHOCTH TOC/en0BaTe/bHbl Takke BO BpEMeHH, T. €. Bce
cobuitus Enyy, Enge, ... NpHHALIENXAT K «abCOMIOTHOMY
6ynymemy» cobmrtusa E,, a Bce cobutust Eny, Epo, ... —
K «abCOJIOTHOMY TPOIIOMY» COGHTHA E.

£s

Ilpyroe nmeso, 4uTO MOXKHO MBICJI€HHO BOOODa3sHTh TakHe
nocaenoBaTebHOCTH cobwitit £y, Es, ..., KoTOpble «pac-
IPOCTPAHAIOTCSA» CKOJMb yropHo 6bicTpo. OaHako 3TH co-
OBITHA He ABJAITCA CHrHa/jaMu, OHH He MOryT ObIThb pac-
[OJIOKEHH B npuyuxHom uopsiike. PaccMoTpuM mupHMep
Tako#l NOCAeN0BaTeNbHOCTH COBBITHH.

[Tycte O ectv HeKoTOpast Touka, a L ~— HekoTopas ups-
man (puc. 48). M3 toukn O npu NOMOILH NPOXKEKTOpa Mo-
cbljlaeTcsi CBeTOBOH CHTHaJ, KOTODPbIH HecKoJbKO MO3XKe
NpUXOAHT B Touky Ey npsmofi L. Ecqu HauaTh noBopauw-
BaTh NPOXKEKTOP BOKpyr touxu O, To cBeToBOH Jyu Oymer
BCTpeuath npsimyio L B Tourax Es Ej; ... ITH TOUKH,
npejcTaBasionine co6oil cobulTua NpHOLITHA CBeTa Ha ups-
myo L, ofpasyioT mnocaenoBaTtenbHOCTb, Kotopas Oyaer
«pacHpoCTPaHATLCA» CKOJb YrOAHO OBICTPO, €C/IH TOJbKO
J0CTaTOYHO OLICTPO NoBopauuBaTh npoxekrop. Cnesopa-
TeJbHO, CKOPOCTh npouecca £y, Es, ... MOXeT BnosHe nipe-
BHICHTb CKOPOCTh CBeTa C.
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Taxoe moJoxKeHue Belllefl 0GbACHAETCS TeM, YTO NoOcCnae-
noBatesbHocTh cobmtuit Ey, Es, ... He sBJseTCs «CHTHa-
JOM» — OHa He pachloJioXxeHa B [PHUHHHOM NOpPANKE.
Ipasna, cobutue E; ecth cienctsue nocoliku Oy ceero-
BOrO CHrHana u3 Touxku O; aHajornuHbim of6pasoM, E, ecTsb
cnencTie moceiku O, Broporo curHana us O # 1. &
Onnako cobutie E; He sBAsieTcss npuuuHoil cobuiths E,.

B camom pene, GeccMbIC/IeHHO TOBODHTB O eCTeCTBEH-
HOM «HAmnpaBAeHHH» MOCAeNoBaTeabHOCTH cobmruil Ej,
E,, ... nay o cOOTBETCTBYIOLIEM «pacnpoctpanernu». Ecau
Mbl TepeMecTuM npamyio L B nonoxenue L', To nyun OF,
u OE, nepecexyt npamyio L’ 8 Touxkax Ei u Es. 31u «co-
OHITHSI» MOTYT OKa3aTbCsi OIHOBpeMeHHBIMH, eC/IH OTpe-

/ /
sok OE: 6ymer Hactonwko Gosbime otpe3ka OFs, uto
nociaHubll B HanpaeneHHH OFE, cBeTOBOH CHIHa [OCTHI-

’ !
uer E; onHOBpeMeHHO C mocTymsieHneMm B TOuKy Ep paHee

noc/adHoro curiaga. Torpa uens coSbiTuii Ei, Es, ... pac-
npocTpaHsack 6ul ¢ GecKOHeuHo G0JIbIIOH CKOPOCTHLIO.
AHanoruuHoe HejopasyMeHHue JIEXHT B OCHOBe CJeNYHO-
HWiero npyMepa, NPHUBOJHBIIEroca NPOTHBHHKAMH TEOpHH
OTHOCHTE/ILHOCTH € LeJbi0 ee onpoBep:keHHdA. Boobpasum
cucTeMy KoopauHat K, HOKOSIYIOCH OTHOCHTENBbHO 3eM-
au M, crepoBate/ibHO, Bpaiamouiylocs BMecTe ¢ 3emJell
Mycts Touka P cucrembt X, Haxopsllasca uYpe3BbUailHO
Aajeko of M, NMpPOXOJHT MHMO HemoABHXKHOW 3Be3abl P.
Jlerko BLIUMCJHTL, 4TO eclu paccrosiHue MP BubpaTh 10-
CTaTOUuNo GOJIbIIHM, TO CKOPOCTb TOUKH P OTHOCHTENBHO
¢ucteMbl K Gyaer Gosbile CKOPOCTH CBeTa.
Omu6oyHOCTL 3TOr0 3aKJYeHHs COCTOHT B CJjaenywo-
weM. Jaa Toro utoObl NpHBENEHHBLIH OpHMEpP MOT CTaTh
npeIMeTOM pPacCMOTPEHHs TeOPHHM OTHOCHTEJNbHOCTH, TOUKA
D nomxua Ob1a Obl ObTb cu2HaioM, HaGnwoNaeMHM H3
TOYKH P B TeueHwe KakOTO-TO NpOMeXYTKa BpeMeHH, 3a-
K/10uaniero B cebe MOMEHT COBNajgeHHst 3THX Touek. Ho
HMeHHO 3TOTO B paccMaTpHBaeMOH CHTyauHWH He [pOHCXO-
aur. O curHane MoXHO O6bljlo 6bl rOBOpHTb, Hampumep,
B TOM cayuae, ecjd Obl TOuKa P Obina GH3HUECKHM TeJIOM,
COenMHeHHBIM ¢ 3eMJiell MaTepHa/bHbIM MKECTKHM «CTepIK-
Hem». Ha MuHyTy nUpennosoXumm, 4TO Takas (aHracTHye-
ckast nies MoxeT ObITb ocymrectBieHa. Toraa Heo6XoAHMO
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§ 6. IBMEPEHHE PACCTOJHUIM MEXIY COGDBITHAMH

6bIA0 Obl yuecTb, 4TO BCJA€ICTBHE NDHUTAMEHHS CTEPKHA
MaccaMu HemoiBHMHBIX 3Be3y HeGa «crepxkeHb» MP mupu
BpaileHnn 3eMyH no/KeH Obla Obl uarubarbesa. Coelosa-
TeNbHO, er0 KOHeuHass Touka P B CBOeM JIBHXEHHH OTCTa-
Baia 6bl OT BpalleHHs 3eMJH, H CKOPOCTb TOuKH P OTHO-
CHTeNbHO CHCTeMbl K B COOTBETCTBHH C TeOpHell OTHOCH-
TeNbHOCTH cTaja §bl MeHbllle CKOPOCTH cBeTa C.

§ 6. Usmepenne paccrogHmuii Mexay COOBITUAMH. -
COKpaleHne u yaJnHEeHHe NPOCTPAHCTBEHHBIX N BPEMEHHBIX
paccTOAHUH -

B nanbueiiiuem SyxeM paccMaTpHBaTh ABe (usnueckue
cncreMsl K u K, IBHXKYHiHecs OfHa OTHOCHTENbHO APYroii
C MOCTOSIHHOR CKOpPOCTbIO v. B KjaccHueckodl (pu3HKe pas-
HOCTH KoopuuHaT Ax, At u A%, Af aByx coburuit Ey u Ey
onpenenstorea ¢opmynamu (G’), BHITeKalOUMH H3 INpe-
o6pasoBaHnfi [anunes, a B TeOpPHH OTHOCHTEAbHOCTH —-
dopmynamu (L”), nonyuaromumucs u3 npeoGpasoBaHui
Jlopenua.

C ToukM 3peHHs KJacCHueCKofl (U3MKH IIpH nepexofe
OT OfHO# cHCTEMBl KOODIAHMHAT K JAPYroH H3MEHAeTCs TOJb-
KO NpOCTpaHCTBEHHast NPOEKUHsI HHTepBasa MCKAY colbi-
THSAMH, BpEMEHHAs e NPOeKUUs B COOTBETCTBHI C NOCTY-
JdaToM aBCoNIOTHOIO BpEMEHH OcTaeTcs HHBapHaHTHOM:
Af=Af. HanporthB, ¢ TOUKH 3peHHS TEOPHH OTIIOCUTERb-
HOCTH H3MEHSIOTCSt H NMPOCTpaHCTBEHHAs, H BPEMEHHAs MpO:
ekunu. TeMm He MeHee B TeOPIH OTHOCHTE/NLHOCTH MOMKHO
KaxJbiM IBYM cobbltusm Ey u Es; comocTaBuTbh Hedsmell-
HYI0, HHBADHANTHYIO BeJHUHHY.

C uennio HanGo/ee NpoCTOro onpeseneHus >Tof Qyhuua-
MEHTaJIbHOll 1/ TeOpHH OTHOCHTENbHOCTH HHBapHaHTHOIl
BeJIMUMHBl NpHMeM, YTO eJMHHI(bl AJNUHBL U BpeMeHH B pacs
cMaTpHBaeMHBIX CicTeMaX OTcyueTa BuIOpaHBi TaK, UTO CKO-
pocte csera npunumaer 3navenue c=1. JIns 370ro MOXKHO
3a eNMHHUY [JHHBI B3sTb paccrosHue 300000 xm, a 3a
e[HHHIY BpeMeHH — OAHYy cekyHay. Torna Ha puc. 47 Tpac-
CHl CBETOBBIX Jyuefl OYAYT IeJHTh YIVIbI MeXAy OCAMH Ka-
#aofi W3 cuctem koopauHat K u K nonoaaMm, 11 GopMyJibi
(L”) npumyt BHR

Ax=0a(Ax — vAf), Af=a(Af— vix),

187



IJ1. 111, KJIACCHUUYECKA4 II PEJITUBHCICKA KHHEMATHUKA

rune
1

Ve
Vi—vt

ecTb Koad¢uunest Jlopenua. ~
Boseenem sTu BuipakeHuss anst A¥ u At B KBaapar U
BbIYTEM H3 BTODPOrQ MepBOe, Mbl MOJYUYHM

(AP — (Ax)2 = (AL — (Dx)P. (1)

Otclona caenyer, uto npu nepexofe oT OOHOL cUCTeMbL KO-
opduHar Kk Opyzoii pa3HOCTL KBAOpPaATO8 GPEMEHHO20 1 NPO-
CTPAHCTBEHHO20 PACCTOAHUL MeNOY COOLITUAMUL OCTAETCA
UHBAPUAHTHOU.

B 3aBucumocTH 0T 3Haka noJyueHHOH HHBapHaHTHON
BeJHYHHBl PasanyaloT TpH caydas.,

14

-~

Chemoban nunus Céemoflan nunus
M &,
/

Puc. 49.

1. Pasnocre (1) noaoocuressua. B 3ToM cayyae HHTEp-
Bas E;E; mexny coObITHAMH Ha3uiBaercs S8peMeHno-nodo6-
KoM, B COBMeleHHbIX B ONHOH MJIOCKOCTH CHCTEMaX KOOp-
minar K u K (puc. 49) «muposoit sextop» EE, nopuu-
MaeTcsi Kpyude «CBETOBOH JHHHH» X={ H, CJelOBaTeNbHO,
HanpapJeH B «afcomoTHOoe Oynyinee». lMeerca Bnosaxe
onpeneseHHas cucreMa K, BpeMeHHAsl OCb KOTODOH mapad-
JeJpHa «MHpoOBOMY BekTopy» EjE.. B 3Toil cHcreme Ko-
opauHat cobuitist £y u E; NPOHCXOIAT B 00HOM U TOM e
mecre. Tlosromy Takas cucrema K HasbiBaeTcsl CHCTEMO
nokos adas co6ulTHil E, u Es.
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§ 6. UI3BMEPEHIE PACCTOSIHHUWM MEXIY COBBITHSAMHU

ITonoskutenvHull XBajpaTHBIl KopeHb At H3 HHBa-
pranTa (1), T. e. BesInyMHa

A=V (AP — (BaF. @

Ha3bIBAETCSH COOCTaeHHOIM Bpemeres JBYX cobeituit Ey, Es.
MupapuanTHoe 3naueHne coGCTBEHHOrO BpEMEHHM B CHCTeMe
nokost K (B koropoit Ax=0) pasHo

Av==V (Af — (Axp=AFL

C.renoBaTenibho, coGCTBeHHOE BpeMs BpeMeHHO-N0100-
HOT0O MHpPOBOIO BeKTOPa paBHO BPeMEHHOMY pacCTOAHHIO
[

Clem Dﬂaﬁ\llUHUﬁ Chemobian nunun
I4

Puc. 30.

paccMaTpHBaeMblX [BYX cOOBITHI, H3MepeHHOMY B COOT-
BeTCTBYIOLIeHl cicTeMe NOKOS.

2. Pasnocto (1) otpuyaressua. B atom ciayuae uHTep-
Ban E E, HasviBaeTrcs npocTpancr8eHHO-n0O0GHBIM, H MM«
poBoii BekTop E E> NeXUT B uHTepsase HeonpedeseHHOCTU,
COOTBETCTByIOMIEM cOObITHIO £y, H, cJenoBaTenbio, COOLI-
T Ey n E, «npuudHHO HelTpasbHbl», Tenepbh mosowu-
TeJIbHBIH KBaApaTHH KOpeHb

Av=V BxF— Ay (2)

onpeneaser cobcreennyro O0auny uutepBana EE, Mexay
cobuituaMu E; u E;. B stom cayuae cyugecTByer Takas
JopeHuena cucrema K, OTHOCHTEJIbHO KOTOPOH coOuiTHs Ey
u E; npoucxonsat odnospemenro (puc. 50). B 310l cucreme
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Af=0, u nHBapHaHTHas coGcTBeHHas AJMHHA At HHTepBaJja
E\E; mexny cobuitusimu E; u E, nupuHHMaeT 3HaueHue

At=V (AxpE — (AR = |AX|.

Taxkum ofpasom, co6cTBeHHas AJMHa NPOCTPAHCTBEHHO-
noxo6Horo uHTepsana E,E, pasHa NMpocTpaHCTBEHHON IJIH-
He B «COOCTBEHHOH CcHCTeMe», B KOTOpoH o00a COOKITHS
OJHOBPEeMEHHHI.

3. Pasnocte (Ax)2— (Af)? pasua nyato. B stoMm cay-
yae MHpOBOH BekTOp E E, Ha3LIBAGTCS CBLTOBLIM GEKTO-
pom '), TaKk Kak OH JIeXKHT Ha CBETOBOH Tpacce, HCXOAALIeH
u3 mupopoii Touku E,;. B nwo6ofl nopeHueBol cucTeMme CBe-
ToBo# BexTop E(E; nMeeT coGCTBEHHYIO AJIHHY

Mo =V BAF— (R =O0.

Cokpaujenne u yoruHete BpemMeHHbIX UHTEDEAN0B

PaccmoTpuM  BpeMeHHO-IOJOOHBIA  MHPOBOH  BEKTOD
E\E; (puc. 49). Ero uHBapuaHtHas «[IJHHa», T. €. c00-
CTBEHHOe BpeMs, ONpeensaeTcs BbpaXKeHHeM

At=V (A6 —(Ax)%.

Bxonamye B 3T0 BbIpaXXeHHe KOOPAMHATHL MOryr ObiTh
onpefeneHsl B J0G0H JopeHneBoil cucteme. B cooTmet-
cTeyoumell cucreMe noxoa Ax =0, At=Ar, caenoBaresbHO,

M= AF=V B —@rp=Ar ) 1 —(52).

3nech BequunHa Ax/At (TouHee, ee aGCoJIOTHOe 3HaueHHE)
£CTb He YTO HHOe, K&K OTHOCHTeJbHasg CKOpocTb v (<Lc=1)
cicrembl K 1o oTHoleHHIO K cHcTeMe nokost K. Cijenosa-
TeslbHO, BpeMeHHble anuHbl Af u At mupoBoro Bekropa EjE;
CBA3aHBl MeXJy cOBOU COOTHOLIEHHEeM

At=AtYT— 2

1) Han usorponneis Bekropom. — fpum. ped,
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.§ 6. UBMEPEHHE PACCTOSIHMM MEXIY COBBITHAMU

KpanpatHelfi kopeHb B TpaBOfl YaCTH MeHbIle €JHHHIBI
no3TOMYy Af <ALl

M3 nosnyueHHOH (GOpMyJBl MBl BHIMM, YTO BpeMeHHOe
paccroanne At mexny cobultusMH E; u E; B 1pOH3BOJIBHOR
JopenueBoli cucreMe K 6oabule BpeMeHHOrO DacCTOSHHUS
At Mexay 3THMH Ke COOGHTHAMH B cHCTeMe MOKOs K
(B KoTopoil cobuitust E; n E, NpOHCXOLAT B OJHOM H TOM
Xe Mecre).

Taxum ofpasom, ecan BpeMeHHOe pacCTOstHHE MEXAY
cobmituamn E; n E, usmepaerca 1mo yacam, HaXOUsLIuMCS

Puc. 5.

B cucteme K, ABHXKylieficd OTHOCHTENIbHO CHCTeMBl MO-
Kos K, TO OHO yOauxsercs MO CpaBHEHHIO C COOTBETCTBYIO-
HHM PacCTOsTHHEM B CHCTeMe 1OoKos K.

IIpumeHUM 3TOT pe3ynbTaT K CJlenylollleMy cJayvaio.
ITyets u3 T1ouku Ey(x,, &) snopeHueBoli cuctemer K mochl-
qgaercs curHas S (Hanpumep, MaTepHanbHOE TeNO MWJIH
nyrentecTReHHUK M), KOTOpBIT 3aTeM ABHIKETCH C NOCTOAH-
HOfl CKOpDOCTBIO M B MOMEHT BpeMmeHH [={, npubbiBaer B
Touky x=x; [cobuitue E,(x, #;)]. Cpa3y mocne npHGHTHS
B 3Ty TOYKY cHrHaJ TOchliaeTcs Hasaji, B cBO€ HCXOAHOe
NoJoXKeHHe x=x, (ONsATh C NOCTOAHHOI CKOPOCTbIO), B KO-
TOpPOE OH BO3BpaIaercsl B MOMEHT BpeMeHH {=1{; [coObiTHe
Es(x2, o)} Jlunusn asuxenusn E(E E. curHana usofpaxeHa
Ha puc. 51,
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B neppoit dase nsuxenns (EoE;) cxopoctb curHana S
oTHOCHTeJbHO crcteMbl K paBHa
X1— Xy

W=

Bo sropo#i dase (E1E;) abconOTHEIM 3Hau€HHeM CKOPOCTH
Bynet
X1— X

©= =g

Ipu BosppameHun Tena M B HCXOLHOE HOJIOXKEHHE X=Xp
yach, ocTaBaBludecst B 3TOH Touke cHCTeMbl K, NOKaxXyT
BpeMsi {=/f,, cJenoBaTeNbHO, BCE MyTellecTBHe AJAHJIOCH
fp — fy cexynn. OnHako, ecau H3MepATh BpeMsi B TeX CH-
cTeMaX, OTHOCHTEJIbHO KOTOpBHIX Tesio M noxourcs, To mo-
JYuyHTCs Apyras JJIHTEJIbHOCTb NyTelmecTBHa. B camom
Aese, IpUMEHHB BTOpyio u3 (opmyn (L’'), Mbl Haiinem, 4TO
OpH H3MepeHHHM BpeMeHH B CHCTeMe HOKOoa K IHTe/b-
HOCTh nepsoil dasnl EoEy myremecTsusa Oyner paBHa

b—ty=(t, —t) VI — 0 < t,— ¢,

Hast oGpatHoro mnytewmectsus E4E, u3Mepenne BpeMeHH

B cooTBercTBYIomeil cucreme noxkoss K (puc. bl) nasr aJu-
TeJbHOCTb

h—bh=(l—t)VI— 0 <t,—h

Ecnu xon uacoB Uy, ABWKYyLHXCA BMecTe ¢ TejqoM M
(cnenoBaTtenbHO, MOKOsiUIMXCA OTHOCHTeNbHO M), cooTser-
CTBYeT BpPEMEeHH CHCTeMbl MOKOsi, TO NJHTEJbHOCTb BCEro
nyTellecTBUA 10 3THM yacaM OyneT paBHa

(fi— )+ (— 1) cexyn.
Ho stot uaTepBaj BpeMEeHH MeHblie IHTEPBANA
(fx— fo)+(t2‘f1)= ty— ty.

CrenopatenbHo, uace: Uy, O6umyujiieca OTHOCUTEAbHO
cuctemor K 1 udyuiue 8 cooT8eTCT8UL € 6PEMEHEM CUCTEMY!
noxkos teaa M, Jdarwor 0as OAUTEALHOCTH NYTewecTsus
E,E\E> menouiee spems, 4em 4Qcel, OCTAIOWUeCs 8 UCXOO-
HOLL TOUKe X=Xy cuctemot K.
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§ 6. UBMEPEHHME PACCTOAHUFI MEXY COBHTHAMH

Taxkum ob6pasom, MOXHO CKa3aTbh, UTO XOJ 4acOB, Haxo-
AAIUXCS B ABHXKeHHH OTHOcHTelbHO cucTembl K, 3amen-
jsietcst. C TOUKM 3peHHs NyTelllecTBeuHHKa M moesyika Tpe-
Oyer MeHbllle BpeMeHH, 4YeM C TOUKH 3peHHA Halaionarens,
OXHIalomero BO3BpalnleHHsl nyreinecTBeHHHKa M B Touxe
X=X, NOKosinieHcsl OTHOCHTENBHO CHCTeMBi K — mopasu-
TeNbHBIl apryMeNT [Js CcTapoll HCTHHBL [NIyTEIliecTBLe
OCBeXKaeT H OMOJIaXKHBaeT.

IlpaBna, pasHnua BO BpeMeHH, Kax H Boobile Bce peds-
THBHCTCKHe 3¢GheKTE, NPaKTHUECKH [0Ay4aeTcs 4Ype3BEHl-
yaiiHO Manofl. PaccMOoTpuM anis npuMepa peaxkTHBHHIN ca-
MoJeT, Jersmui co ckopocteio 1000 km/vac w3 nyHxTa A
B nyHKT B u TOTyac e BO3Bpamaloiluiica Haszajn Ecan
paccroanne mexny nyHktamu A u B paruo 2500 ku, To,
KaX NOKa3elBalOT IHPOCTHE BBIUMC/EHHS, Yachl [accaxupa
3a BpeMs NyTellecTBHS OTCTAHYT [0 CPABHEHHIO C HOPMaJb-
HBIMH YacaMH, HaxOAIUHMHCS B TyHKTe A, Ha OHHY CTO-
MHJJIHOHHYIO JOJIO CeKYH/IBL,

BrnpouewM, ycnexn B o6/nacTH KOCMHUECKHMX [IOJIETOB OT-
KPBIBAIOT HOBHE BO3MOXKHOCTH. Ecan pakera coBepluut
nepeser or 3eman K JlyHe u 06paTHO CO CKOPOCTBIO
3 xkm/cex, To nupofixeHHBIH e UyTh cocraBuT 750000 xm
H OTCTaBaHMe YacoOB DNYTEWIeCTRCHHHKOB 10 CPaBHEHHIO
C 3eMHBIMH yYacaMu OyneT yxe GoJblie OAHON CTOTHCSHY-
HOH aoau cexyHuae. Takast ¢ TOUKHM 3peHHS NPAKTHKH HH-
UTOXKHAsA pasHHia BO BPEeMEHH Bce Ke IO MOPSAKY CBOefi
BeJIMUHHB TAKOBa, 4TO MOXeT OnTb OOHapymeHa aToM-
HeMH yacamu. ClefoBaTe/ILHO, paKeTHble KOCMHUYECKHe Me-
peseTH B COYeTaHHH C HOBEHIIMMU TOUHBIMH CHOCOGaMH
H3MepeHHs BPeMeHH MOTYT JaTh HemocpeicTBeHHoe 1oj-
TBEPXKIEHHE PEJATHBHCTCKOTO YAJHHEHHS U COKpalleHHs
spemenu. Ilpapna, 310T pensaTUBHCTCKHE 3D (PeKT B HacTos-
iee BpeMst SMIHDHUYecKH GJecTsie MOATBepMIeH Ipy Ho-
MOLIY KOCBEHHBIX MeTO[OB; N03TOMY BPsJ JIH MOXHO IIpei-
nojarath, uTo OH Oyler onpoBepruyT SYAYWIUMH NPAMBIMH
H3MepeHHsIMH.

Yem ObicTpee OynyT JieTaTb pakeThl, TeM 3HAUHTENb-
Hee Oyner yJlJnHeHHe M cOKpalneHHe BpemeHu. Ecam cxo-
pOCTb CHrHaJja NOBBLICUTCH, HanpHMep, IO MOJOBHHH CKO-

pocTn cBera (NIpH aTOMHBIX SABJEHHAX TaKkHe CKOpOCTH

BCTpeyaloTCst U HalJ/lofaoTCs), TO COKpallleHHe BpeMeHH
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[JI. HI. KJACCHUYECKASl U PEJIATUBHCTCKAY KHHEMATHKA

cocraBHT yxke okoso 13%. Ilpu npubankenud CKOPOCTH ¥
K CKODOCTH cBeTa CokKpailieHHe upubausutca K 100%. Ta-
KHM 00pasoM, IAUTeJBbHOCTb KaKOro-nub0 iBJeHHS paccMo-
TPEHHOro BHIllle Poja CTAHOBHTCA CKOJAb YrOJHO Masnoii,
€CJ/IH CKOPOCTb ABHIKYLIErocst Tesia Npubasxaercs K Makcil-
MaJibHO BO3SMOXKHOH CKOpOCTH, T. €. K CKODOCTH cBeTa.

Cokpawernue u yoarurenue npocTPaHCTEEHHbLE pacCTOAHUIL.

[TepeitnemM K onpese/ieHHIO NPOCTPAHCTBEHHBIX PACCTO-
HHH MeX1y COOLITHSMHE B Pas3/IMUHbIX JIOPEHLEBBIX CHCTe-
max. Ilycte Ey v E; cyTb nBa coGHITHA, B NMPHUHHHOM OT-
HOLIeHHH HeliTpaJbHble, cJenoBaTelbHO, HHTepBan EiF,
Mexny cobbitusiMH E; u E; — mpocTpaHcTBeHHO-NONOOHBI.
Iycts, nanee, cobutua Ey u E» B 3anauHoil JopeHueBoil
cucteme K HMeIOT KOOpAMHATHL (X1, 1) M COOTBETCTBEHNO
(%2, 1)

[Tpu cnenaHHOM HONyUEHHH OTHOCHTE/bHO XapaxkTepa
cobuiThit Ey u £, cyniecTByeT BnosiHe OrnpejieseHHas JopeH-
neBa cHcTeMa K, OCb T KOTOpOH mapasjesibHa OTpesKy
E(Es (cM. puc. 50). CaenosaTenbHO, B 3TOi cHCTeMe COBbI-
tast Ey u E, nponcxomar oduospemento, u nostoMy Af=
={3— t1=0. IMoxcraBus 510 3Hauenue A{ BO BTOPYIO U3
dopmya (L") u umes B BHIY, YTO, COracHO NPHHATOMY
paHblle ycJaoBHIO, ¢=1, MHl Habligem Af=UAx. Bxeca 3710
spaueHue B nepByio H3 dopmya (L), mbl moayuum

1 - ” Ax
Ax = T (Ax -+ vAt) VT
rfle U eCTb CKOPOCTb cHCTeMbi K OTHOCHTE/NBHO cucTembt K.

Takum o6pasoM, NpOCTpaHCTBEHHOE DACCTOSTHHE MEXIY
co6uituaMu Ey u E, nodydyaer cBoe MUHRMAaJbHOe 3HaueHHe
B ocoboi, Tak Ha3niBaeMmoil coBcTBeHHON cucTeMe K, B KO-
Topoii cobpitua E; u E; NpOHCXOAAT OOHOBpEMEHHO. DTO
MHHMMaJbHOE DPaccTOsiHHE paBHO COGCTBEHHOH [/une OT-
peska EjE,. B uwo6o#i apyroii jopenueBoii cucteme K,
JBUXKYIIEHCA CO CKODOCTbIO U OTHOCUTEJIbHO COBCTBeHHOMH
cHCTeMBl K, NPOCTPaHCTBEHHOE paccTOsiHHEe AX MeXay co-
6nituamu £y u E; Gosabine cob6erBenHolt paunsl AE. Jaa no-
JyueHHsa AX clleflyeT yMHOXHTb COOCTBEHHYIO HJHHY AT Ha

kospuuuent Jlopenna a=1/}Y1—22> 1. Ecau cko-
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§ 6. USMEPEHHE PACCTOAHHF MEXAY COBbLITHAMHA

pPOCTb U CPaBHHTEJBLHO Mania, TO 3TOT KO3(OHIHMEHT y/JiH-
HeHHs NOYTH He OTAHYAETCH OT eguHuubl (a Ax mo4Td
paBHO cBOeMy MHHHMaJbHOMY 3HaueHuw). C BozpacTaHHEM
CKOPOCTA ¥ VAJNHHEHHe YBeJHUHBAeTCA, H HPHTOM Heorpa-
HHYEHHO, eCJH CKopocTh ¥ mpufiuxaercs K CKODOCTH
cBera ¢=1,

Yeroipexmeprotli mup coberull

Bce, uto 6bi510 CKa3aHo A0 CHX NOp O npeobpasoBaHHAX
[anunes u JlopeHua Ans caydast OfHOMEpHOTO MPOCTpaH-
CTBa, Jierko 06001UHTL Ha CAyuad, KOrjaa cHCreMbl KOOp-
JHHAT UMEIOT ABa WJIH TPH OPOCTPaHCTBEHHHIX H3MepeHus,

Puc 52

Ecan cucreMa K CKOJI3UT B HanpaBjleHHH Kakoli-anGo
KOOpAMHATHON ocu (HampuMep, OCH Xx) TpeXMepHO#H mnpo-
cTpaHcTBenHOfl cucTeMbnl K, TO mpeofpasosanus lanuses
u Jlopenna coxpaHsior cpofi mpexuuit Bup (G) u (L)
(ctp. 163 u 172), IloaBadAwTcs TONbKO AONOJHUTE/bHEE

opmyJinl

y=y, z==z

JJ1S1 TPOCTPAHCTBEHHLIX KOOPAHHAT Y H 2.

T'eomeTpuyeckoe mpejacTaBJeHHe npeobpazosanuil Jlo-
peHua aJs CAyuas ABYMepHOro npocrpadcTBa (NMI0CKOCTh
xy) nojydaeTcs M3 aHaJOCHYHOTO MNpejacTaB/eHus s
OJIHOMEDPHOTrO npocTpaHcTsa (puc. 47) mnyreM BpallleHUs
nocJaeadero Bokpyr ocu £ Torma yroJ, orpaHHYeHHbIT CBe-
TOBBIMM TpaCCamH, HepelineT B «CBETOBOH KoHyc» (puc. 52),
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rJI. 1il. KJJACCHYECKAS M PEJSATHBHCTCKAY KHHEMATHKA

OrpaHHYHBAOMHA 061dCTH «abCOMIOTHOTO MPOLIENLIETO» U
«afcontoTHoro Gyayuiero» aas HauyaabHoro cobOwitus O.
Mex 1y GOKOBBIMH MOBEPXHOCTAMH 3TOro JBOHHOTO KOHYCa
JIEXHUT «06/1aCTb HeonpejesJeHHOCTH» (OTHOCHTENLHO COOLi-
tHa Q). Ilnockoctu xy W T JopeHueBnix cucreM K u K,
n3obpaxawiune cobGbTHsi, ONHOBpPEMEHHHE ¢ cofuiTHeM O,
NPOXOAAT BHYTPH 3TOl mpoMexyTouHofi oGnactH, Kaxnas
H3 oceil BpemeHH (f u f) HampaBJeHa OT KOHyca Hpouen-
LIEro X KoHycy GyAyiiero.

Uuratesb, BO3MOXKHO, 3aMeTHJ, 4TO CYyL{ecTByeT MpH-
MeuaTesnbHasi aHAJOTHST MeXKIY JIOPeHHEBOd MJIOCKOCTHIO
cobuiTuii (MJI0CKOCTb Xf) M €BKJAHIOBOH NpOCTPaHCTBEHHOH
MJOCKOCTBIO  (MJIOCKOCTh XxYy). B eBKAHIOBOH MHJOCKOCTH
NPUMEHAIOTCA MPSIMOYTOJiblible KOOpPHHHAThl X, y (cHcTe-
mbl K, K u 1. #.). I1ycte touka P umeer B cucreme K Ko-
OpAMHAaTHl (X, Y), @ B CHCTeMe K—I{OOpﬂHHaTM (Z, 7).
Paccrosinne meIy TOUKaMH, HampHMep MeX1Y HauasbHOH
Toukolt O u Touxkoi P, BHuHCAsieTcs mo Teopeme [ludaro-
pa (puc. 20), KBagpat sToro paccrosiHis paBeH

P R R

CnenoBaTenbHo, cymMMa KBaapatoB x%24-y? ocTaercs MpH
nepexode OT ONHOH npsMoyrosbHol cucrembt (K) K Apy-
rot (K) nuBapuaHTHOH. DTa MHBapHaHTHOCTb MOXKeT OBbITh
HCMO/Mb30BaNa [JA BbIBOZa (opMysn npeobpasoBaHus Ko-
opauHar (%, J) B KoopauHaThl (¥, ¥). DTH HOPMYJIEl HMEIOT
BHJI

X=a(x—y), y=a(y-+ o)

rjle & U U CYTb NOCTOAHHEBIE, IIDHYEM
1
Q=
V1iFo#

Dopuyan npeobpasoBaHuil JlopeHua AAS NJI0CKOCTH COOHI-
THit (x, {) (3necb BMecTO KOODJAHHATHI y MBI HMEEM KoOp-
IUHATy f) HMeIOT aHaJIOTHYHYI0 CTPYKTYpY, HO MOCTOAH-
Hasi o, Tenepb paBHa

1

0 == e,
VTi—1t
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§ 6. H3MEPEHMHE PACCTOSIHMM MEXIY COBLITHGMH

Mul BuIMM, YTO HHBAapHAHTHOH Cymme K6aodpaTog xKo-
OpPIMHAT (X, y), OfnpenessOllell HEBADHAHTHOE EBKJAHNOBO
paccrosinie Mexny asyMs Toukamu O u P, B JiopeHueBoil
NJIOCKOCTH COOTBETCTBYeT HHBapHaHTHas pasdHoCTs Keao-
paros KoOpaWHAT nBYX MHPOBEX Touek O(x=7¢=0) u
E(x, t); sta pa3sHoctb KBajapaToB (x2— {2 uan {2 — x?)
onpenessieT KBaApaT «JOpPEHLEBA PacCTOAHUA» MeXIY 3TH-
MH ToukaMu (coGcTBeHHOH HJMHBI WM coOCTBEHHOTO Bpe-
MeHH).

CMbICa eBKIHIOBOH NOCTOSHHON U CJAENYIOIHH: OHa
onpejensieT TaHTEHC YIJa [OBOPOTA ®, OCYHIECTBJAAIOLIEro
nepexon cucrembl K B cucremy K, 7. e.

v=tgo.

B nopenueBofl nJockoCTH NMOCTOAHHAA U €CTb OTHOCHTE/Ib-
Hast ckopocTh cuctem K 1 K.

B eBx1MnoBOH IJIOCKOCTH pacCTOAHHE MEXHY [BYMs
TOYKAMH PaBHO HYJI0 TOJbKO TOPJA, KOTla 3TH TOYKH COB-
najgamot. B sopedueBofl NAOCKOCTH paccTosiHie MeXiay
IBYMS MHDOBBIMH TOUKaMH paBHO HYJIO B TOM cJjyudae, Ko-
ria 3TH TOYKH JexaT Ha OfHOH M TOH e CBETOBOH JHHHH.
OTH CBeroBbie JIMHHH pa3OHBAIOT Bce ADYrHE MUPOBble
OTpesKH Ha ABa KJacca: Ha BPeMeHHO-nojobnble W Ha Npo-
CTpaHCTBEHHO-NIO100HbIE.

[eomeTpuueckuM MecroM Ttouek P (X, y), HaXoasmuxcs
Ha IOCTOAHHOM €BKJHMJOBOM pacCTosHuH OT Touku O,
ABJISETCH OKDYXHOCTD

x4 y?=r2
B sopeHueBOfl NJIOCKOCTH TaKHM FeOMETPHYECKHM MecTOM
ABaAsieTca runepb6ona
xX?— 2= *r2,

npuyeM 3HaK IUIIOC MAN MHHyC OepeTcst B 3aBHCHMOCTH OT
TOro, sABJsercs JAu Muposoit Bextop OE(x, #) upocrpan-
CTBEHHO-NOJNOOHHM HJH BpeMeHHO-monoGHeIM. Ha  3Tonm
06CTOATENBCTBE OCHOBAH BLIGOD €IMHHI IJIMHEL ¥ BpeMeH:
B JlopedueBofl miockoctH (cm. crp. 180—181).



IFTABA IV

Hnaccuueckan u penaTuBucTCHAA
ANHAMHUHA

§ 1. OcHoBHo# 3akon auHamHkd HbioToHa

B XVI u XVII cronetHax na ocHose, cozganHofi Ko-
nepHukoM H [ajujeeMm, Hauanocb ObICTpoe pasBHTHE (H-
3HMKH. B Teuenue 150 JeT 6Gnija MOAroTOBJEHA MOYBA HJA
MOsIBJIEHHsT  BeJIHKoro yueHoro  Mcaaka Heoworona
(1643—1727), xoTOporo ¢ noJHLIM NpaBOM MOXKHO CUHTATh
co3jatesneM OCHOB KJacCHUYeCKOH KapTHHB MHpa.

B kavecTBe (QYyHIaMeHTAJbHOrO NpHHUHNA  (HIHKH
HbloTOH B3an cBoOH OCHOBHOU 32KOH NHHAaMHKH. DTOT 3a-
KOH o606 B cefe Bce, UTO A0 TOro BpeMeHH ObLIO H3-
BeCTHO B (U3uKe, H OTKPELI OYThb /s jAajbHefilnero pas-
BUTHs TOUHOTO €CTeCTBO3HaHHSA.

Mounste ngen HbloToHa He Morau Onl pasBHTbCa fe3
JN0CTaTOYHOI MaTeMaTHuecKok ocHOBH. Takas ocHoBa Owlia
cozgaHa camHM HbloToHOM, KOraa OH OTKpbIl au(pdepeH-
uHaJbHOe H HHTerpa/nbHOe HCUHCJeHHA. DTH ydYeHHs, pas-
BHUTHe He3zaBHcHMO HblooToHom H Tortdpurom Bunwrenn-
moMm Jleti6Huuem (1646—1716), asnatoTca Kpaeyrosb-
HbLIM KaMHeM COBpeMeHHoll mareMaTHKH. Takum ofpasom,
HuloToH AB/AseTCs ONHHM U3 BelHYaflinX NepBOOTKphIBa-
Tenefl He TOJBKO B 00JacTH MeXaHHKH, HO H B 00JacTH
HOBOH MaTeMaTHKH.

OcHoBHOH 3aKOH AHHaMHMKH HbIOTOHa COCTOMT B clle-
aywomeMm. Cuna f, nox meficTBHEM KOTOPOH IBHMKETCH Ma-
TepHaJbHOe TeNO, paBHa Macce m Tesa, YMHOXKeHHOH Ha
YyCKOpeHHe a JIBHXKEeHHs, T. e.

f=ma.

Ycxkopenue onpenenser NpHpaleHHe CKOpPOCTH B e/Iu-
Huny BpeMenH. Ecnu Teno M HaxonnTcs B yacTu npocTpaH-
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§ I. OCHOBHOM 3AKOH HHHAMHKH HBIOTOHA

cTBa, B Kotopoit cuibl otcytcrsyioT (f=0), 10 ma=0, u
MO3TOMY PaBHO HYJIO Takxe yckopeHHe a. Takum ofpasom,
OCHOBHOH 3aKOH AuMHamMuki HploToHa ConepxuT B cefe Kak
yacTHBI cayuali 3aKOH HHEPIU HH, COIVIaCHO KOTOPOMY
Te10, Haxojdllieecs B rajiliieeBOH CHCTeMe, NBHIKETCS paeg-
HOMepHO (C NOCTOAHHOH CKOPOCTBIO), eciii Ha Teno He Jeil-
CTBYIOT HHKaKHe BHeIUHHE CHJILL.

ITycte MrHoreHHas ckopocTh tena M B cucreme K pas-
Ha u. Ecnn u=uy 1 u=uU, cyTb ero CKOPOCTH B MOMEHTH
BpeMeHH #y H Il (>11), TO npHpalleHHe CKOPOCTH B TeueHue
npoMexXyTKa BpeMeHH Af=1{, —{, paBHO Au=u, — u,. Pas-
JenuB Au Ha BpeMs Af, Mbl IOJIyUHM TpHpAIEHNHE CKO-
poctH B emuHuny BpemeHH. CJenoBaTenbHO, YCKOpEHHE
paBHe

A
a==. (1)

Opnako 3Ta QopMyna TOuHa TOJMBKO B TOM C/yuae,
KOTHa YCKOpeHHe a [OCTOSHHOe, T. €. KOrja [BHXEeHHe
tena M yckopsieTcsi WM 3aMmenJsieTcss pasHomepHo (B nep-
BOM cJyiae a Oosablle HyJsi, @ BO BTOpPOM — MeHbIle
HyJs). Tak nmpoHCXonuT, HanpuMep, NpH CBOGOIHOM naje-
HHH TeJsla. YCKOpeHHe g, o0YCJOBJeHHOe CHJIOH HpUTHXKe-
HHsS 3eMJ/IH, MOXHO pacCMarpHBaTh NpUGIHKEeHHO MOCTOAH-
HeIM (g=9,81 m/cex?).

3axkoH HbrooTOHa cOXpaHseT CBOW YHHBEPCANBHYIO TPH-
MEHHMOCTb W B TOM cjyuae, KOTZa CHJAa H YCKOpeHue 3a-
6UCAT OT ToJoXKeHust U BpemeHu. Torma upupameHue Au
CKOpOCTH, [e/leHHOe Ha BpeMsi Af, naeT ykKe He TO4YHOe,
MrHOBeHHOe YycKopeHue Tena M, a «cperpHee ycKOpeHHe»
B NpOMEXYyTKe BpeMeHH Af. MrHOBeHHOe yCKOpeHHe B MO-
MeHT BpeMeHHn f={; noayuaercsi KaK npenenpHoe 3HaueHue
YaCcTHOTO OT JeJIeHHA CpeJiHel CKODOCTH A4 Ha IpPOMENy-
TOK BpeMeHn A!¢ 0pPH HeorpaHHUeHHOM YMeHbLIEHHH AL
CnenoBartenbHo, oTHoweHue (1) naer 3HadyeHHe MrHOBeH-
HOTO YCKOpDEHHSI B MOMEHT BpeMeHHU [={; TeM TOuHee, yem
MeHblle OepeTcs NPOMEXYTOK BpeMeHu Afl).

') MruoBeHHOe yCKOpeHHE IOJIY4aeTCss W3 CPEAHEro YCKOpeHHs B
TOUHOCTH TaK K€, KaK MrHOBEHHAA CKODOCTb — H3 cpefHell CKOpOCTH
{ctp. 146—147). Takum 06pasoM, CKOPOCTb €CTh «NPOH3BOAHAS MYTH NO
BpeMeHu», a yCKODeHHE -- «IPOH3BOAHAS CKOPOCTH IO BPEMEHH».
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rJl. 1v. KJIACCMYECKAY U PEJISTIIBUCTCKAS OTHHAMHKA

C 370i1 OrOBOpPKOH MBI OyneM M0.1b30BaThesi B AajbHeH-
meM cpeJHUM yckopeHHeM (1) BMecTO MIHOBEHHOrO YCKO-
peHus.

OcHogHo#l 3axod HploToHa nosponusn B3rJAfHyTb Ha OT-
KpblThle [‘annneeM 3aKOHBI NajaeHHs TeJ B COBepPLIEHHO
HoBoM cBere. Temephb moj 3akoHbl [anannes Oblna noxbe-
neHa enMHas [HHaMmuuecKas Touka 3peHus. CornacHo
Heworony, nameune Tena NPOHCXOAHT TMOTOMY, YTO JABa Ma-
TepHaAbHHX Tela NPUTArHBAOTCA ONHO K APYroMy ¢ CH-
JIOH, NPAMO NpPONOPUHOHAJILHOH MaccaM 39THX Tesa H 06-
paTHO NPONOpPUHMOHANBHON KBajpary pacCTOAHHA MeXny
tenamy. CrienopaTensHo, najeHue sdjoxa ¢ gepesa npef-
crasiaser coboll TONbLKO 4YacTHBIH ciayuait OOLIEro 3aKoxa
raeorenud HpioTona.

DTOT XKe 3aKOH yNpaBJisieT BeUHHIM [BHXeHHeM HeOec-
HbIX Te/: H OHHM «NafgaioT» ofaHo Ha apyroe. Op6urtel naa-
HeT BHIUHCJAMJA HENOCPENCTBEHHO H3 aCTPOHOMHUYECKHX Ha-
gawonennit yxe Horawn Kenaep (1571—1630). D1u op-
OMTBl NpeACTaBASIOT c00010 NPUOJHMKEHHO SJJHICH, B OJ-
HOM H3 (OKYCOB KOTOPBIX HaX0AuTca OOJblIoe 1eHTpalb-
Hoe teso — Conauye. Hpi0oTOH cymen BHUHCJAHTH JABUXKEHHE
nyiaHeT, HCXOAs U3 cBoero ofliero 3akoHa TArOTEHHs, MaTe-
MATHUECKH C HCKJAIOUHTENbHO GOJBIIONR TOUHOCTHIO. DTO Obl-
JIO OJHUM H3 Beauyafluiux TpUyMmEOB UeJOBEUECKON MbIC/H.

Hrnamuxka HploToHa siBasieTcss OCHOBOH KapTHHBI MHpa
Kiaaccnuecko ¢usuxu. OHA NOMHOCTBIO COXpaHsieT CBoe
3HayeHHe M B HacTosllee BpeMs, KOrjga Kiaaccuyeckas ¢u-
3UKa BBIHYXJl€Ha YCTYIIHTb CBO€ MECTO TeOPHH OTHOCHTE/b-
nocty. OO0BscHsETCa 3TO, KaK MBI HEONHOKpaTHO mopuep-
KHBaJu BbIlle, TE€M, UYTO KJaccHueckast TeOpHs npencTaBsser
cofoKw InpepenbHBI caydall HOBOH TeopHH: OHa OTKJO-
HAGTCH OT TEOPHHM OTHOCHTENBHOCTH HHUYTOXKHO Majo .10
TeX Mop, MoKa NPHXOAUTCS HMeTb HeJO CO CPaBHHTEbHO
HeGONBLIMMU DAacCTOAHMAMHE M CKOPOCTAMH, KaK 3TO M Ha-
6aronaeTcss B MOBCeHEeBHON XH3HH.

§ 2. TIpuHUMN OTHOCHMTEJLHOCTH KJaacchueckoi ¢usnku

Belite MH 4acTo OTMeua/u, YTO NOHSTHA MOKod H JBH-
JKeHHst 110 CBoefi NpUpoJe OTHOCHTeNBHH. BeccMmblcaeHHO
rOBOPHTb, 4TO Teo M HaxomuTcss caMo no cebe B IOKOe
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§ 2. NPUHIIN OTHOCHUTEJBHOCTH KJACCHUECKOM OH3IUKH

WIH B JBHXX€HHMH, TaK Kak BcerJa NpUXOLHTCH MUMeTb AeJo
C OTHOCUTeAbHbIM COCTOSHUEM JBHXKeHHH OJHOTO Tesa OoT-
HOCHTEJBHO APYroro, NpHHUMAEMOro 3a HeH3MEHHeMYo CH-
cTemMy orcuera. TakuMy «HeH3MEHsieMBIMH» cHcTeMaMu OT-
cueta HABJSIOTCA Te MNPOCTPAHCTBEHHBIE CHCTeMbl KOODOH-
Hat K, K, ..., KOTOpDHIMH MH [0Jb30Banuch B riase III
IPH pacCMOTPEHHH KJaaccuueckol ¥ pensaTHBHCTCKOH KH-
HeMaTHKH.

Cpenu cuctem KOOpHAMHAT KJaccuueckol gusuku ocoboro
BHHMAaHHsl 2acgyxkuBawr rajuneeBs cucrtemb. Co-
[J1aCHO K/1aCCHYECKOH KHHeMaTHKe BCe 3TH CHCTeMbl paBHO-
LUeHHbl. HH 0ZHOH W3 HUX HeNAb3sl OTHAThb HPUHYUNUAAL-
HO20 NpeallouTeHHsi, XOTA ¢ NPaKTHYeCKOH TOUKH 3peHHn
esnecoo6pas3Ho B 3aBHCHUMOCTH OT CHTYauHH CUHTaTh Mpei-
NOYTHTENIbHON TY WJIH APYryl cucTeMy otcuera. lns nac-
caxupa, eAylUiero B 1noe3je, «Heu3aMeHseMasi» CHCTeMA
KOOpJHMHAT, CBs3aHHasl C Noe3noM, siBasiercs 0(oJiee ecTe-
CTBEeHHOll cHCTeMO!l OoTcuera, WeM cHCTeMa KOOpiHHAfr, CBA-
3aHHafA C KeJe3HOJOPOXKHLIM TMOJOTHOM. B cBol ouepesb
nocsie(HAsl cUcTeMa siBJsieTcss 6oJjiee ynoOHON cHCTEMOM OT-
cyeTa Ana Habalonarensi, He enyiiero B roesje.

INpuruvnuaneHas PaBHOUEHHOCTL Pa3/HYHBIX rasiee-
BbIX CHCTEM HaXOIHT CBOe BbIpaXKeHHE TaKkKe B CHMMEeTPHH
tdopMysa upeobGpasoBalnsa Ianiies, uto ykKe OnIIO OTMe-
YeHo Ha cTp. 170. CbopMynbx OCYUIeCTB/SAOUIHE NIepeXo OF
oaHofl cucrembl K K Apyrofl cucreme X, HMEOT Takyl xKe
CTPYKTYPY, Kak H (opmyas ajs ofpaTHOro mepexona OT
cucreMbl K K cncreMe K (A3MeHseTCst TOJNbKO 3HAaK OTHO-
CHTEJNBHOH CKOPOCTH U).

Tak o6crout feso ¢ TOUKH 3peHHs KuHeMmaTHxku. Ho Ta-
Kasg e DaBHOUEHHOCTb pPasJIHUHBIX TIajWJIeeBEIX CHCTEM
HMeeT MeCcTO i B dunamuxe.

JJs nosicHeHuss paccMOTpHM ABIXKeHHe Tena M OTHO-
CHTEJNBLHO JBYX Pas/HUHbIX [POCTPAHCTBEHHO-OXHOMEPHBIX
ranujeeBbix cucreM K u K, JIBHXYLIMXCH OAHa OTHOCH-
TeJbHO APYrofl ¢ NMOCTOAHHOH cKopocTbio . Ilycth # H @
CyTb cKOpocTH Tesia M oTHocutennHo cuctem K u K. Torna,
COrJIacHO KJaCCHYECKOMY 3aKOHY CJIOXKEHHS CKOpOoCTei,

l—L-=lL~'v.
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[J1 IV, KJJACCUYECKAS H PENATHUBUCTCKAS THHAMHKA

Eciy ckopocTtH # # @ B MOMEHT BpeMeHH f=1£ paBHbl COOT-
BETCTBEHHO 4; W 4y, @ B MOMEHT BpeMeHH [={, DaBHbI Uy
H U, TO IIpHpAlUEHHeM CKODOCTH 4 B TeueHue LpOMEeXYTKa
spemenu Af=#, — t, 6yner

At = 11y — 11y = (g — V) — (84, — V) = 4 — 1, = Au,

cJae0BaTeNbHO,
At = Au.

dT10 03Hauaer, 4TO NpUpalleHHe cKopocTH Tena M opuHa-
KOBO OTHOcHTeJbHO oGenx cuctem K u K. Otciona caexyer,
yTo ycxkopenne Teja M, T. e. nmpHpalileHHe CKOPOCTH, je-
JeHHoe Ha npupalieHne Af=Af (abCOAIOTHOrO) BpeMeHH,
TakKe MMeeT ONHO M TO Ke 3HaueHHe a=a B o0eHX CH«
cremax K u K.

Taxum o6pa3oM, BTOpOH MHOXKHTENb @ [POH3BEIEHHS
ma, BXOAsUero B OCHOBHOH 3akoH HwlotoHa, octaerca uH-
BapPHAHTHBIM,

CornacHo npyromy BceoOlleMy 3aKOHY (He 3aBHCSIIHEMY
OT npeipiAyHiero paccMOTpeHHs) macca m Tteda M npen-
cTaBJjasiet co0ofl AJs TOr0O Tesa clelH(PUUECKYIO, NOCTOSIH-
HYI0O BeJIHYHHY, He 3aBHCSIYI0 OT COCTOSHUS JBHIXKEHHS
tena. IDToT yHOaMeHTa bHbI 3aKOH Ha3bIBAeTCA 3aK0-
HOM COXpareHls Maccel.

CaenoBatesNbHO, POH3Be/eHHE MA@ TaKkKe ABJIAETCA A1
IBuKeHus tesa M xapakTepHOll nOCTOsIHHOH BeJHUHHOI
8 awboll eaauneesoli cucreme. IlosTomy cuna [ upu ee
oilpeleJleHH B pas3JHUYHBIX raJuieeBblx cucreMax (K,
K, ...) raxxe GypeT OmHOH M TOH Ke.

M3 Bcero ckasanHOro cJjepyer, UYTO OCHOBHOU 30KOH
JuHamMUKU uUMeeT UHBAPUAHTHYIO (OpMY, He 3ABUCRUYIO OT
7020, OTHOCUTEAbHO KAKOU 2aauneegOll cucremvt onpede-
AAIOTCA 8X00AUWUe 8 3TOT 3aKOH 6esudunt, (cuaa, macca,
YCKoperue).

Takum o6pa3oM, paBHOUEHHOCTb BCeX raJjiujieeBbiX CH-
CTeM HMeeT MeCTO He TOJBKO B KJAacCHYeCKoli KHHeMaTHKe,
HO M B KJaccHuecko¥ AuHamuKe. B sTOoM u coctour Kaac-
cudeckutl nPUHLUN OTHOCUTEAbHOCTH.

CorsacHo 3toMy NpHHUMIY, B MeXxaHHKe COBeplUEHHO
Oe3pa3/ingHO, Kakylo rajinjeeBy CHCTEMY B34Tb B KauecTBe
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§ 2. MPUHUMO OTHOCHTEJBHOCTH KJIACCHYECKOM ®U3HKHU

OCHOBHOMN: 3aKOHbl KHHEMaTHKH H [HHaMHKH HMEIT OlH-
HAKOBYI0 (OPMY BO BCeX Fa/MJIeeBHX cHCTeMax.

i3 npuHiuma oTHOCHTENBHOCTH cJjenyeT, 4t0 B (QH3HKe
He UMEeeT HHMKAKOr0 CMbiC/Ja TOBODHTbE 006 abCOAOTHOM
npocrpancTee. 3akOoHbB KHHEMATHKH ¥ AHHAMHKH MOCTpoe-
Hbl TaK, YTO BCe TaJjiijieeBbl CHCTeMbl MOJHOCTLIO pPaBHO-
OpaBHE Mex1y co6oil, U ¢ NPHHUHOHANbLHOH TOUKH 3PeHH
HH OJHA M3 TAaKHX CHCTeM OTcueTa He MOXeT MpeTeHjo-
BaTh Ha TO, 4TOOB B KaKoM-MHOO OTHOWEHHH CUHMTaThCH
«abconoTHol». HecMOTpst Ha TO uTO 3TOT BHIBOL AB/IAETCA
(yHnaMeHTanbHol ocoGeHHOCThIO Gu3ukyu HbploTOHA, HeBO3-
MOXHOCTb YCTAaHOBJIEHHA «a0COJIOTHOH» CHCTEMBI KOOpIH-
HaT C MOJHOH ACHOCTbIo ObLia o6Hapy:KeHa 3HayHTeJIbHO
nosxe, B KoHue XIX cronerus. IlpenatcTsrvemM mis pasb-
SCHEeHHst CpeldH [pounx oO6CTOsATeNbCcTB Oblla rHIOTe3a
adupa: MHpPOBOH 3hHp paccMaTpuBajci Kak cpeja, ycTa-
HaBAUBawiLas «abCcoJMIOTHYIO» CHCTEMY KOOpAHMHAT MHPO-
BOTO mpocTpaHcTBa (cHCTeMy nokosi sdpHpa). OnHaKo He
CYL[eCTBOBAJIO HHKAKOro cnoco6a, KOTOpHH mo3BoJMA Obl
o6HapyxUTh 3Ty «abcogoTHYIO» cuctemy, Omblt Maiikeas-
coHa (cTtp. 166) man oTpuuatesNbHBlil pe3y.nbTar, M03BO-
JIMBLIKMII OKOHUYaTeJpHO peiluth 10T Bonpoc. C apyroit
CTOpPOHBI, NPHHIIHI BO3MOXKHOCTH ONBITHOH NpOBEpPKH, cop-
MYJUPOBAHHBIH Maxom, HCK/OuaeT H3 SMIHPHUECKOro HC-
C/leJIOBaHUsl TNMOHATHS, He BJeKyuiHe 3a cobOoH chaejcTBHI,
DOMyCcKaomUX 3MNHpHUecKylo npoBepky., Taxkum o6pasoM,
KpUTHUeCKHH moxxox Maxa Takxe BHeC CYHieCTBEHHHII!
BKJaj B PeJsiTHBH3aLHIO POCTPAHCTBA.

[1Ipu HepaBHOMEpPHOM JBHIKEHHH OJHOH CHCTEMbl OTCue-
Ta OTHOCHTENBHO APYrofl BO3HHKAIOT Tak HasblBaeMble NpH-
HyXJalolllHe cAabl (CHAbl  HHepuHd) HanpuMmep HEHTPO-
HexHole, Jl0Jaroe BpeMmMs NBITANHCL pPacCMaTpHBaTh BO3-
HUKHOBEHHEe TaKHX CH/J KaK JlI0Ka3aTeJbCTBO CYIIeCTBOBa-
Hust abcoJsiloTHOro npoctpaHctsa. B uyacTHocTH, COAIOIEH-
HOCTb 3eMHOr0 Ilapa NbiTajduch OOBLACHUTH KaK pe3ysbrar
BpaileHHss 3eM/IH OTHOCHTENbHO «aGCOMIOTHOrO MpOCTpaH-
ctBa». OnHaxo, Kak yBeanTenpHo noxasaJ Max, 370 siBjes
HHe MMeeT eCTEeCTBEHHOe 0GbsACHEHHe: ero MOXHO NOHHMATh
KaK [efCTBHe MaTepuM, pacupejpeneHHOH B MHPOBOM TNpoO-
CTpaHCTBE. 3eM/1si coBeplaeT C/I0KHOE OTHOCHTENbHOE ABH-
¥KeHHe N0 OTHOWIEHHI0 K Hefy HemoABHXKHBIX 3Be3n. Kak
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yXke OblJIO CKasaHo Ha ctp. 136, ¢ HelONBHMHBIMH 3Be37a~
MH MOXKHO CBSI3aTh CHCTEMY KOOpJHHAT, HO TOJBKO MNpH-
ON11KEeHHO, CTAaTHCTHYECKH, OJHAKO He HMeeTcst HHKaKHX
OCHOBaHHH I/1si BO3BejleHHs 9TOH cHcTeMbl B paHr abco-
JIOTHOH HPOCTPAHCTBEHHOH CHCTEMBL.

AnanornunbiM 06pa3oM MOMXKHO OOBACHHTH H3BECTHBIA
onbiT PyKo ¢ MasTHHKOM: €CAH NMOABECHTH llap Ha [JHH-
HOM LUHype H MPHBECTH ero B KoJjebaTte/bHOe [BHIKeHHe, TO
MJIOCKOCTh, B KOTOPOH OynyT NPOHCXOMHTb 3TH KosaeGaHud,
B TeueHHe 24 wacoB mnoBepHetcs Ha 360°. Bmecro Toro
yToOb OOBACHATL 3TO AB/JEHHE KaK C/AeACTBHe BpalieHHs
3eMJ/I OTHOCHTEeJIbHO «aGCOMIOTHOrO MpPOCTPAaHCTEa», ecTe-
CTBEHHee NOHMMaTb €ro Kak pe3ysbTaTl NPHUTAXKEHHS Ka-
qawierocs MadTHHKA paclipepeseHHoOll B MHPOBOM MpoO-
CTpaHCTBE MaTepHed.

§ 3. PeasituBucrckuil NPHHUMO OTHOCHTEAbHOCTH.
Jdunamuka dinwreiina — MuHKoBCKOTO

[IpriMeHeHHe K/1aCCHYECKOTO NPHHIIHNA OTHOCHTEJBHOCTH
OrpaHHuYNBaeTCs TOABKO 00JacTblo MexaHukd, K anaektpo-
MarHHTHBIM H ONTHYECKHM SIBJEHHIM OH HenpHMEHHM.
DneKTpOMAarHHTHast TeopHsi (BK/AOYawias B cebs TakxKe
BOJIHOBYIO ONTHKY) OblJa HCYepNbIBaWOlle pa3BHTAa B Mpoll-
JIOM cro/ieTHH. D10 OBLJIO 3acAyrod B MNepRyI0 ouepenb
JABYyX BeNHKHX yueHwnX. Mafikn ®apapgeit (1791—1867)
CBOMMH OJ/IeCTAIHMHE OTKPHITHAMH B 00/acTH 3JeKTpoMmar-
HUTHBIX H CBA3AHHBIX C HUMH HHIYKUMOHHBIX sIBJeHHH noi-
COTOBHJ MOYBY, Ha KOTOPOH MO3ie, OKOMO CTa JIeT TOMY Ha-
san, Hxemc Knepk Maxcseasa (1831—1879) cosnaa
CBOI0 TEOPHI0 3JeKTPOMarHWTHLIX W ONTHYECKHX sIBJEHHIl,
Bes sT1a TeopHs MoxeT ObiTh Bbipa)keHa 3HAMEHHTHIMH
YeTHPbMA YPaBHEHHAMH (B YacTHBIX NPOH3BOAHEIX) Makc-
BeJlJ1a, M3 KOTOPBIX BBIBOJAATCH BCe 3JIEKTPOMATHHTHBiE H
ofTHYecKHe ABJIeHHS.

Ilpu cosnanuu cBoe#t Teopuun MakcBeaJ ocraBajica Ha
nouBe KJjaccHueckKod ¢usuku. B gacTHoCTH, OH MCXOMHJ H3
CTaporo nupeacras/leHnss o6 a6conOTHOM BpemeHH. TeM
Gonee nprMeuaTe/bHO, YTO OCHOBHEIE 3aKOHBI €0 TEODHH,
BbIpax<aeMble YHOMSHYTHIMH YeTHPbMA YPaBHEHHAMH, He
MOJYHHAIOTCA KIaCCHUYECKOMY NDHHIMTIY OTHOCHTENbHOCTH:
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§ 3. PENMITHUBHUCTCKHA NPHMHUHIT OTHOCHTEJLHOCTH

BHJ 3THX ypaBueHHIl 3aBHCHT 0T BmOOpa rasngeeBofl cH-
cTeMbl, B3ATOH 23a OCHOBY [J5 H3YUeHHs 3JIeKTPOMarHHT-
HBEIX ABJeHuil npuponst. U euie Gosee npuMeyartensHo, 47O
ypaBHeHHsT MakcBeasa UHBAPUAHTHBL OTHOCUTEALHO npe-
o6pazosanuti Jloperya. Bonee toro, npeoGpasopanusa Jlo-
peHIa MOMHO BBIBECTH, ecJH [OCTaBHTb TpeGOBaHue, uTO-
6bl OCHOBHOe ypaBHeHHMe MakcBeJsna, Tak HasbBaeMmoe BOJ-
HOBOe ypaBHeHHE, OCTaBaJoCh HHBADHAHTHBIM BO BCeX CH-
cremax K, K, ..., IBHXKYUHXCA OJHa OTHOCHTENBHO Jpy-
rofl ¢ nOCTOAHHON CKOPOCTBIO.

Taxkum o6pa3om, B caMolt KJgaccHueckoit (u3nke cozep-
KHTCSl CKpHITOE YKa3aHHe Ha TeOPHI0 OTHOCHTENbHOCTH.
Opnsako MCTOpHYECKOe pPA3BHTHE W0 He [0 3TOMY INYTH.
K noHaTHMIO OTHOCHTEJNBHOrO BPeMeHH H K npeofpas3oBaHHIO
JlopeHua npuINAM TOJBKO MOYTH COPOK JieT COYCTS Noc/e
BO3HMKHOBEHHS TeopuH MaxcBessa H He3aBHCHMO OT Hee.
IIpu srom noGyxaamoiell NpHUHHOH Obljia, Kak Mbl BHIEAH
B raase III, coBcem npyras: Bo3HMK/IZ HeOoOXOHXHMOCTL
NpPHBECTH KUHeMQATUKY B COOTBETCTBHE ¢ NocTyJjatoM IfiH-
ImTeilHa O NOCTOAHCTBE CKOPOCTH CBeTa.

Tonbko mocne Toro, Kak JHHINTERH pesiTHBH3HPOBAA
NOHAITHe BpeMeHM H 3aMeHHJ mnpeofpasoBanus [annies
npeobpasoBaHuaMH Jlopenua, 610 00HapyKeHO, UTO TEO-
pua Makcgessia ofaagaeTt npurMeyaTeNbHbBIM CBOHCTBOM HH-
BApHAHTHOCTH OTHOCHTesNbHO npeobpasosanuil JlopeHua,
210 06CTOATENHCTBO NPHUBENO K YKpENJeHHIO NMo3uuHit Teo-
pHH OTHOCHTEJBHOCTH.

Onnako nepexoj OT NOHATHA abcOgIOTHOrO BpeMelln H
npeo6pasopanull I'anusess K OTHOCHTE/BHOMY BpeMeHH U
npeobpasoBanuAM JIopeHna NpPHBOAHT K TOMY, UTO NPHH-
LU OTHOCHTENLHOCTH KJ/AcCHUECKOH ANHAMHUKH  TepseT
CBOI0 NMPHMEHHMOCTb. UHTaTelb MOXET B 3TOM yOeIHThCs,
NOBTOPUB PacCyXJAeHHs, H3/MOoXKeHHble Ha cTp. 201—202 no
TIOBOLY YCKOpeHHs, HO B3siB IIDH 3TOM 3a OCHOBY Ipeofpa=
3oBaHus Jlopenua. D10 03HAuaeT, YTO KJIACCHYECKHI 3aKOH
CJIOXKEeHHS! CKOpOCTeH, HCHOJB30BaHHHI JUig J0Kasarenb-
CTBa HMHBapPHAHTHOCTH YCKODeHUs OTHOCHTeJbHO mnpeobpa-
sopanuii anuaes, reliepp RO/MXeH OHTH 2aMeHeH NpaBH-
gom Jloperna (L’) (ctp. 173).

Bosuukiiee sarpymHenne 6mao mnpeoposeno Diinmrefi-
HoM M MuHkoBckHM caeayomum o6pasom, OHu NpHHSAIM,
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UTO NpPHHUMI OTHOCHTEJBHOCTH [0JKeH OblTb COXpaHeH
H B TEODHH OTHOCHTENBHOCTH, HO B TaKOM H3MEHEHHOM
BHze, 4TOOB 3aKOHL NPUPOABI OCTaBaJIHCh HHBApHAHTHLI-
MH OTHOCHTeJbHO npeobpasosanull Jloperya (peasTusuct-
CKULl npUHYUN cneyuatbHod Teopul OTHOCUTEAbHOCTU).

Kax yxe OBJIO OTMEUEHO, TOT NOCTY/IAT cpasy mnpHme-
HUM K KJacCHUeckoil aJektpoMmarsutHoll Teopuu. Hanpo-
THB, OCHOBHO/ 3aKOH JHHaMHKH HblOTOHZ He YJIOBJETBO-
pseT 3ToMy TpeBOBaHHI HHBaphaHTHOCTH. [Toaromy Heol-
X00UMO TAK 8UOOUZMEHUTs OCHOBHOU 3axKox HberoToHa, 4TO-
6bL OH 0CTABANCS WUHBAPUAHTHLIM OTHOCUTEAbHO npeobpa-
goeanuli Jlopenya.

diinmreity 1 MHHKOBCKHH 1N0KasaJu, UTO Takoe H3Me-
HeHHe OCHOBHOI'O 3aKOHa AMHAMHKH MOYTH aBTOMAaTHYECKH
BLITEKAeT W3 OCHOBHBIX noctynatoB. /s TosicHeHHs Bep-
HeMCs Ha MHHYTY K KJaccHueckKoMmy 3axkoHy HreloToHa: cuna
paBHa NPOH3BENEHHI0 MacChl Ha yckopeHre (f=ma). dtor
3aKOH 4acto QopmMynHpyeTcss HECKOJAbKO HO-HHOMY, MJIs
Uer0 BBOJUTCA NOHATHE HMAyAbca pBUXKyLieroca teja M.
WMMoynse p onpenensiercss Kak npou3BeleHHe MacCH m Ha
CKOPOCTDb U:

Ax
p:mu:ln Tt—.

Tak Kak B KJjaccHueckoit (pH3HKe Macca /m TeJa HPUHH-
MaeTcst NOCTOAMHOL, TO NpHpaHieHHe Ap HUMNOYJbca B elu-
HHIly BpeMeHH paBHO NOCTOAHHOH /1, YMHOXeHHOH Ha co-
OTBeTCTBYIWOlee NpupamieHiie CKOPOCTH #, T. €. PaBHO ma.
Ho nocnexHee npou3BeaeHHe eCTb He UTO HMHOe, KaK CHJa.

Takum o6pasoM, OCHOBHOH 3aKOH JHHAMHKH MOXeT
OBITE CPOpMYJHPOBAH TakxKe chelylomuM o6pas3oM: cuJja
[ paBHa mpUpailleHHIO HMIYJbCa P B €IHHHUY BpeMedH:

_Ap
=%

ITepefinem renepr K Teopun OTHOCHTe/bHOCTH. [lyeThb
Teio M IABHIKETCS OTHOCHTENbHO JopeHUeBOl cucTeMbl K
co ckopocTbio u==Ax/Af. Ecnu 3Ta CKOpoCTb MNOCTOsAHHA,
TO MHpOBas JHHH Teia M npsMoJHHefiHa, H HMeeTCA
BIIOJIHE ONpeje/eHHast cucreMa nokos Ko, B KOTOpofi Teqo
M nokourcs (puc. 49). Bpemsi f, B 3TOH cHCcTeMe NOKOA
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§ 3. PEJATUBUCTCKHUM NPHUHLHN OTHOCHTEJBHOCTH

ecTb coGCTBeHHOEe BpeMs (BpeMs, NOKa3blBaeMO€ dacaMy,
NOKOSIUMKCA OTHOCHTeNbHO JIBHXKylierocss tena M). Tak
KaK NpocTpaHCTBeHHas KOOpJHHATa X, Tesa M B cHcTeme
K, noctosiuna, 1o (cM. ctp. 190) mpupamenue Af, BpeMme-
HH f) B TeueHHe npomexyTka Af paBHO

Av=At =V B~ G =2r)/ 1 (&) =
=MYT1—u (2

Jo cux mop MB OpHHHMMaAH ckKopocTb 4 rtena M no-
crosinHol. OnHako dopmyna (2) npuMeHHMa Takxe MpH
HepaBHOMEpPHOM JBHXeHHH Tena M, T. e. mpu mnepe-
MeHHofl, 3aBHcslliell OT BpeMeHH ckopocTtH u#. B stom cny-
yae cucreMa Ko M0JKHa2 OBTb NPHHATA 32 «MTHOBEHHYIO
CHCTEMY MOXKOsi», B KOTOpOi# Ocb f, cOBMajaer ¢ KacaTejb-
HOit K MHpOBOH JHHHH B Touke M (puc. 34). CienoBateib-
HO, CHCTeMa moKos K, u3MeHseTcss ¢ BO3paCTaHHeM BpeMe-
HU. a5 oueHb KODOTKHX HPOMEXYTKOB BpeMeHH Af MHDO-
Bas JIHHHSA TOUTH COBMajaeT CO CBOeH KacaTe/lbHOH, OTKyAa
caenyer, uto GopMmyna (2) 6ymer Tem TOouHee, YeM Kopoue
NpPOMEKYTOK BpeMeHH Af.

Ditnmtein W MuHKOBCKME paccyXkpaloT Janee Tak.
B rteopun oTHocHTE/NbHOCTH HHTepBaJ BpeMeHH Af He HH-
BapHaHTIeH, Tak Kak BpeMs OTHocHTeapHO. Ecan BecTn onu-
CaHHe IBHeHus Tesa M ¢ TOUKM 3peHus ApYroil JopeH-
ueBoil cucremul K (%, f), To HHTepBas Af 3aMeHUTCS HH-
TepBasoM AZ, KOTOpnH MOMHO BHIUHCJIHTE MO BTOPOH H3
dopmyn (L") (ctp. 181), ecin uspectHsl Af u Ax. OgHako
cobcTBeHHOe gpemsa AT OCTAeTCS UHBAPUAHTHBIM:

Av=V (A2 — (Ax) =V (Af — (Ax).

IToatomy otnocuresvrnoe epems (Af B cucteme K, Af B cu-
cteMe K H T. 4.} 00AJCHO 6biTe 3QMEHEHO UHBAPUAHTHBIM
cO6CTBEHHbIM BpeMeHem AT.

CnenoBatesibno, HMny/asc B cucreme K(x, f) Oyner

paBeH
—_ Ax
p=im At °
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rae my ectb macca Tena M B cucreme noxkos Ky Tax xak

At=Af Vl — u?,
TO

L my Ax mg
p"" T2 YA e iu. (3)

VIi=—u? At Vi—u
Ecan KenaTenbHO COXpaHHTH MepBoHaua/dbHOE omnpeje-
JleHHe HMUyJbca (HMOYJLC paBeH Macce, YMHOMKeHHOH Ha
CKOpOCTb), TO Maccy m Tena M B cucreme K caexyer upH-

HSITb paBHOH

me= 20, (3"

Vi—u?

D10 o03Hauaer, YTO B TEODHH OTHOCHTENBLHOCTH Macca m
Tena M aBaserca nepemerHoil BeJWUHHOH, 3aBHCAieHd OT
TOH JopeHueBOl cucremMb K, B KOTOpOH OHa olipejessercs.
Hanmenblnee 3HaueHHe Macca [oJyudaer B cHCTeMme [10-
kos Ko, rae u=0 u m=m,.

CuorenoBatesbHO, HOCPENCTBOM BHAOH3MEHEeHHOTO Omnpes
JejeHuss (3) uMmyJbca cpasy JOCTHraerTcss NOCTaBJeHHas
UeJb: Be/HUMHA INpHpallieHHss HMMMOy/Jbca B €JHHHUY Bpe-
MEHH, CTOSlllass B MpaBOH YacTH OCHOBHOIO 3aKOHa AMHa-
MHKH, T. e. CHJa, COXPaHAET OJHO H TO Xe 3HaueHHe B JIIO-
60l1 JopeHuerofi cucreme. Takum oGpasoM, HpH HCHOAB3O-
BauHu onpenenedus (3) OCHOBHOH 3aKOH JHHaMHKH
ocTaercsl MHHBapHaHTHBIM BO BCEX JIODEHUEBBIX CHCTeMmax '),
T. €. PeAATUBUCTCKULL NPUHYUN OTHOCUTEAbHOCTU pacnpo-
CTPAHALTCA U HA OUHAMUKY.

Onas poctHXeHuss 3TOro peaynabrara NPHUILIOCE OTKa-
3aTbCsl OT NIpeXHel, KJacCHuecKol HHBapHaHTHOCTH. B Teo-

1y B Tounofi ¢$opMynnpoBKe 310 03Hayaer caefyiomee. [lycts um-
nyJaLC MaTepua/nHON Todkd A B 3afaHHblii MOMEHT BpEMEHH, COOTBET-

cTBYOWHA BpeMenu ¢ B Jopexuesol cucreme K u spemenn f{ B JopeH-
resoit cucreme K, pasen p B cucreme K u p B_cucreme K. Ipupa-
IIeHHA UMNYJbCa 32 MPOMEKYTKH Bpemenu AZ u Af mycTh paBHm COOT-
BETCTBEHHO Ap H Ap Torna uwacrioe Ap/At Symer pasHo _4acTHOMY
Ap/At Tem Toumee, yem Kopoue HHTepBaa BpemenH Af (u At) Touno

9T0 paBeHcTBO coG/iofaeTcs AJs NPOH3BOAHsIX dp/dt u dp/di. Ioxa-
8aTe/LCTBO OCHOBAHO Ha NPHMEHEHHH aH(PEpPeHnHaIsHOrG HCYHCACHHS
H MO3TOMY HE NPUBOLHTCA.
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§ 3. PEJATHUBUCTCKHMHA MPHHWINO OTHOCHTEJLHOCTH

PHH OTHOCHTEJbHOCTH 3aKOH COXPaHeHHs Macchi He cobJio-
JaeTcsi: Macca m, COIMacHO PesNsiTHBHCTCKOl dopuyne (37),
NpHHHMaeTCst 3aBUCAIIEH OT COCTOsIHMA NBHXKeHus rena M,
ee BeJIMuHHA H3MEHSeTCs NMpH Iepexole OT ONHOH CHCTeMbL
oTCueTa K ApYrofi.

Ha nepBuil B3riax Kaxercs, YTO Takasl «peJsTHBH3a-
UHs» Macchl ycJoXHsaer guHaMuky. OnHako B HeHCTBH-
TENBHOCTH YCJa0XHenust He mnoayuaercs. IlpaBiaa, 3axoH
COXpaHeHHs Macch TepsieT CBOK NPUMEHHMOCTb, HO 3aTO
HOBOe, PeIiTHBHCTCKOE ONpeneseHHe Macchl NPHBOJAHT K 0=
pPas3sHTeIbHOMY eNHHOO6Gpa3HI0 MHHAMHKH.

Oasi Toro uto6nl yOenuThCA B 3TOM, PACCMOTpHM He-
CKOJIbKO noapoGHee BoipaxeHue (3') nas macen. Cko-
pocTb u Tesa M, BXonsilas B 3TO BHIpaXKeHHe, OnpejeseHa
B TPENNOJIOKeHHH TaKOoro Bbifopa eNHHHU A AJHHH H
BpeMeHH, [IPH KOTOPOM CKOPOCTh CBeTa NpHHHMAaeT 3Haue-
Hue c=1. Ecay BepHYyTbCs K NPOH3BOJbHBIM eJUHHLIAM H
COOTBETCTBYIOIIlee 3HAUEHHe CKOPOCTH CBeTa OnsTh 0603Ha-
YHTb Uepe3 ¢, TO 3HaueHHe 4 CKOPOCTH Tejia M 3aMeHuTCH
Ha ufe. Torma Mbl IOJAYYHM

m
me= ——aLe,

u2
1/1‘72

DyleMeHTapHOe BBIUMCJ/IEHHE [OKasblBaeT, HYTO ecJH CKO-
pocTe Tena M 1o CpaBHEHHIO €O CKOPOCTbIO CBETa € O4eHb
MaJja, TO HallneHHOe 3HaueHue m NpHUOJHKEHHO DaBHO ')

u?
m=mo(1 + 902 )
CﬂeﬂOBaTeJIbHO, B 3TOM CJaydyae HMEET MecCTOo pPaBeHCTBO

me? == mye? -} _’”_21 u® 4)

)y ToudbiM 3HayeHHeM nJm m TpH CAETAHHOM JONYUIEHHH Oyier
( 13 u 1 35 ut )
-_mo
/ -

1 el
+202+24c4+ bcﬁ+
rie pHA, 3aKJAOYeHHLH B CKOOGKM, cxoiutcs. EciH otHowenne ufc
Mano, TO BCe WeHB 3TOr0 psjia, HAYHHAA C TPETbEro, HCUE3alolle
MaJibl IO CPABHEHHIO C ABYMH NEPBLIMU YleHaMH.

209




IJL 1V, KJACCHUECKAS] W PEJATHBHCTCKAS HTHMHAMHUKA

3xecs BTOPO#l uJeH B NpaBOH 4acTH Aae€T KJaCCHUECKOe
3HaueHne Kuneruyeckol ouepeun tena. IloaTomy ecre-
CTBEHHO MOHHMAaTh Bce BhipaxKeHue (4) Kak noAxyro 3Hep-
ruo E tena M:

E=mc. 4"

Takum o6pasom, moaHas sHeprus £ cxkaanblBaercsa M3
IBYX gacTeH: U3 KHHeTHUeCKOH sHepTHM W MOCTOAHHON BeaH-
UHHEL My¢?, He 3aBHcallell 0T paccMaTpHBaeMOH JopeHue-
BOH cHcTeMBl. DTa nocJefHsisi BeJHUHMHa paBHa 3SHeprui
tefla B cucreme nokos (#=0). [Tostomy Ditnwrtelin 1 Mun-
KOBCKHH paccMaTpHBaJd 3Ty «3HEPrHIO NOKOST» KaK BHY-
TpeHHI0I 3Hepruio teqa M. [lpu HeGonblIOH OTHOCHTEJIb-
HOHl CKODOCTH # 3Ta COCTaBHas 4acTh NOJHOH 3HeprHu £
BeCbMa Be/JHKa 10 CpPaBHEHHIO ¢ KHHeTHUecKoH asHepruefl.
DUHUITeAH Buaea B 3TOM YKa3aHHe Ha OFpPOMHbie KOJH-
uecTBa 9HePruH, cBA3aHHBIe B aToMax. B coBpemeHHOM
aTOMHOH TeOpHUHM 3Ta CMesas MEICAb MOAydHJa OiecTsiiee
noaTBepxKAeHHe, Popmyna

E =mc?

BHIpaXkaeT co6of ¢yHIaMeHTanbHBI 3aKOH COBpeMeHHOM
pU3HKH.

Ecnu eanHuUBl OJHHBL ¥ BpeMEHH ONATb BbIGpaTh Tak,
4TOOH CKOpPOCTb CBeTa OblIa paBHa ¢=1, T0 popmyna E=
=mec? IpUMeT NPOCTON BHI:

E=m.
Taxum o6pa3oM, TeOpHsi OTHOCHTEJNBHOCTH NMPHBOIHT K He-
OXMHIAHHON CBHA3M MeXKj1y ABYMS OGUIMH (PH3HUECKHMU

NOHATHAMH — MAaccOfl H 3HeprHeii: Macca 9KBUBNACHTHA
arnepeu,

TJAABA V

O6uwan TeopuUs OTHOCUTENLHOCTH

§ 1. PamaHoBa reomerpus

Korza Mp! roBopuJiM 0 rayccoBoll TeOpHH MOBEpPXHO-
cret (§ 11 ra. I), MH 3atpoHyau BOmpoc 00 ompele/eHHH
JAJIHH KPHBBIX, PACHOJIOXKEHHbIX Ha H30THYTOH MOBEpXHOCTH
F. OcofeHHO uHTepecoBadHd Hac reoje3HueckHe JIHHHH, T. €.
caMble KOPOTKHE JHHHH, COeJHHsIOLiie [Be TOUKH Ha IO-
BepxHOCTH, BepHemces K 3Toll 3anave.

CHavajla paccMOTpUM MNpocTefiluil caygafi, xorzxa no-
BepxHocTh F mpencrap/ser cofofi mockocTb. Brifepem Ha
3TOH MNJOCKOCTH HPAMOYTFOJIBHYI0 CHCTEMy KOOPAMHAT
K(x, y). Paccronnue mexay aByMs Touyxkamu A(x,, Yo} H
B(x;, y1) Ha naockoctH, coriacHo Teopeme Iludaropa,
paBHO

As =V (Bxp+ (Ay). (1)
Ax=x; — x4, Ay=y, — ys.

rue

Ilycts [ — gaxas-1H60 JIHHHSA, pacroJoXKeHHad B IJIO-
ckoctt F u coepuHsiiomas Ttoukd A w B. Tlocrpoum

n0Manywo l,, yIJoBbe TOUKH KoTOpolt A=Py Py, ..., Py,
P,=B npunannexar auuum . dauna L, 3Tof JoMaHOf,
«BINHCAHHONY» B JIUHHIO [, paBHa cymMe JIHH AS, ..., AnS

otpe3kos APy, PP, ..., PhyB, 1. e.
Ly=As+ ... 4+ A,s.

Eciu Ayx u A,y cyts npoexuuu orpeska P,P, Ha Koops
IHHATHBIE OCH, TO

Pv—lpv = Avs = V(Avx)2 -+ (Avy)z'
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I v. OBIAY TEOPHS OTHOCHUTEJBHOCTH

Bynem yBeJHUHBATh UHCJAO 7 YIVIOBHIX TOUEK JIOMa-
HOfl /,, C/IEJOBaTeJNBHO, YIJIOBHIe TOYKH OYAYT pacrofarars-
cs Ha Jaunud [ Bce uame H yawme. Jdauna L, JoMaHoi
I, 6ymeT upu 3ToM u3MeHaTbesA. Eciiu npHHATb, 4TO L, npH
BO3pacramolleM n npuO/IHKaeTCs K mpeldenbHoMy 3Haue-
o L, To 3To mpenennHoe 3HaueHue L npuHHMMaercs 3a
aauHy ayru JuHau [ (CopeplieHHO TaK Ke MOCTyHaioT
B 3JeMEHTapHOH TeoMeTpuH, Korjga AJAHHY [YTH OKPYX-
HOCTH ONpeReslOT Kak NpejebHoe 3HaueHHe AJHHE BOH-
CaHHO{ B 3Ty Ayry JOMaHoi.)

Kak usMenutcs Bnipaxenue (1) aas AJHHB OTpe3ka,
€ClH OT UPAMOYroJbHOH cucTeMbl KoopuuHat K(x, y) Mbl
nepefileM K TPOH3BOJBHOH «KOCOYTOJbHOH»  (rouHee —
NPOU3BOILHON ad@uHHOH) cucreMe KoopauHat K (%, ¥)°?
IIpu TakoM mepexone CBA3b MeXJy PasHOCTAMH KOOPAMHAT
Ax v Ay B cucteme K W pasHocTaMu KoopauHar AZ u Ay
B cHcTeMe K onpenensercst JIMHEHHBIMH VpaBHEHHAMH

Ax=0Ax+pAy, Ay=yAx-+0oA4y,

rae KospduuHenTsl a, B, y H 6 — nocrosHnble. [Toacrapus
5TH BoipaxeH#ss Ax u Ay B dopmyay (1), mbl noayuum
AJ13 KBanpata IJHHbl As oTpe3ka AB BbipaxeHue

(As) = a (AR + 20 AX A7+ b (Ag). (1)
3pech NOCTOSAHHbIE @, b H ¢ UMEIOT 3HaueHHs
a=0o24+v? b=p-+& c=ap+d.

M3 muruil [, Jexamux B mjaockoctd F u coeHBAIOMHX
Touxn A u B, npamoaudefinniil oTpe3ok AB umeer Hau-
Menblnyo aHHy L. CiienoBaTesibHO, STOT OTPE3OK ABJsAETCS
reoiesuueckoil JHHHell, nupoxoxaineil uepes Toukn A u B.

[losoxenne Bellell H3MmeHsieTcs, ecau F npencraBaser
co6ofi KPHBYI NOBEpXHOCTb. B aToM cayuae mauHa L -
HuH [, JeXkaliell Ha TMOBepXHOCTH F, MOXeT OBITH BHIUHC-
JieHa UyTeM CJeAYIOUero BUAOM3MEHeHHA IPHBENEHHOro
Bhillle crnocoba.

[Tycte P ectb Hekoropas Ttouka Jauuuu [ Kacatesb-
Has njaockocth Fp X noeepxHoctu F B Touke P BOAM3H
TOUKH KacaHHf NOYTH COBHanaer ¢ nopepxxocteio F. B ra-
Koii HeGO/IbMION OKpeCTHOCTH ToukH P gayra [ mouta nps-
masn. CJaenoBaTesbHO, €C/IH paccMarpHBarb HeBOJBHIYVIO
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§ 1. PUMAHOBA TEOMETPHS

yacte PQ=AI[ nyrn ! xak npsiMosnHe{lHbIl OTpe3OK, JNexa-
npift B KacaTesbHOH M10cKocTH Fp, TO [JISI BBIUHCACHUR
AnuHsl Al MOXHO uncnmoab3oBath dopmyay (17). Ilpu stom
Z W J caeayer paccMaTpuBaTb KaK KOODPIHMHATH B Kaca-
TeJbHON nJockocTd Fp, OTCUHTaHHBIe B CHCTEMe KOODIH-
HaT Kp, NpOH3BOABHBIM 06pa30M PaCHOJOKEHHOH B 110+
ckoctH Fp. MHpexe P npu 6yxkee K o3Hayaer, uTto B3siTad
CHCTeMa KOOPIMHAT NpHMEHsieTCs B OKPeCTHOCTH Toukx P.

Ilpn nepemeiieHnd Toukd P BIOJb KpHBON DOBEpPXHO-
cti F u3MeHsieT CBOe MoJIOXKeHHe TaKkKe KacaTelbHas Mo-
ckocth Fp. Otciona cienyer, uto KosdpduuueHTH a, b u ¢,
Bxoasumue B Qgopmyay (1’), ucnonbayemyio mas BHUHC/Ie-
HHS JUIHHBL HeGoJbIIHX AYT JHHHH B OKPECTHOCTH TOUKH P,
Tenepp OyAYyT He NMOCTOSSHHBIMM BEJHUHHAMH, Kak B clyyae
MJIOCKOCTH, a (yrkyuamu touku P. Teogesnueckue JHHUM
Ha noeepxHocTd F B ofumieM cjayuae OyIyT npencraBJsaTh
coboll He mpsMble JRHHH, a KpuBoie. Hanpuwmep, Ha cdepe
reole3nUyeCKHMH JHHUAMH SABJAIOTCA AYTH OGOJbUWIHX Kpy-
FOB.
OcHoBEIBasicb Ha 3THX COOTHOLUEHHAX TayCCOBOA Teo-
puu nosepxHoctef,, Puman mnoctpousn cpow obwyw (ABY-
MepHYI0) nHdbdepeHUNaNbHYI0 TeOMETPHIO Ha CJelyiolieM
nocryJsare.

Oauna As manoro oTpe3ka JHHHH, HCXOAALlEro H3
Toukn P nosepxHocTH F, Bbluucasercs no ¢opmyie

(As)*==a (Ax)*+2cAx Ay +b(Ay)?, 2

rie Ko3ddHuHenTH a, b u ¢ cyts 3adaHHbie PyHKyUU
Toukn P B «MecTHO#» cucTeMe KoopauHat Kp(x, y).

Jta TaK Ha3bBaeMas (QyHOGMEHTAAbHAA MeTPpUYecKan
opma ucrnoansyercsa A ONpeleseHHs JJIHHBL KPHBOJIH-
HelHON ayru [, nexaiteft Ha mosepxHoctd F. Jlag stoit
uead Ayry ! pasfuBaioT Ha MaJble OTpe3kd Al, onpene-
AT MIHHY As Kaxporo orpeska As mo d¢opmyne (2) u
3aTeM CKJabIBalOT NMoJYy4eHHblE JIHHB AS.

[Tpu 3Tom PuMaH nojaHOCTBIO OTKasasjca OT ydera TOro
00CTOATE/IbCTBA, UTO INOBEPXHOCTh F «BJIOXEHa» B Tpex-
MEpHOe eBKJHIOOBO HpocTpancTteo. IlojloxeHne Touex P
3TOl OBEPXHOCTH OMpelessieTcss KaXAbH pas npy noMouiH
MecTHOR crcteMbl KoopiauHat Kp, a BbIUHC/IEHHE AJIMHHAS
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IJI. V. ObBll1Ag TEOPHR OTHOCHUTEJBHOCTH

JYrH, HauHHawlledcss B Touke P, Npou3BONHTICH mocpen-
CTBOM (YyHAaMeHTaJbHOH MeTpHuecKoil GOpMHl TakK, Kak
npesnucolBaercs GopMyson (2).

HOns nanoxenus jpame caMblX NMepBOHAUANBHBIX OCHOB
pHMaHOBOIl reoMerpud Tpebyerca npHMeHeHHe MeETOHOB
BoIcIIed MaTeMaTuKu. Bullle (B aTOM naparpade, a Takxe
B § 11 r1. 1) Mbl BeiHyXKaeHB GBbLIH OFpaHHYHTBLCS TOMBKO
HEKOTOPHIMH 3/1€MeHTapHbIMH H HarJsAHBIMH TOJIKOBaHMsi-
MH OCHOBHEIX Hzell rayccoBoff TeopuH moBepXxHocTell u
prMaHoBo#l reomerpuu. Ilpm 3ToM MBI paccMaTpHBa/IH
TOJbKO NOPOCTEHIINH ¢Jaydyall ABYMEDHOTO MNpOCTPAaHCTBA,
1. €. nosepxHoctH. O6oblleHne pHMAaHOBOIH reoMeTpHH Ha
TPEXMEeDHOe TMpOCTPANCTBO M Ha HPOCTpaHCTBa C  ellle
OONMbLIIMM  YHCJIOM H3MEDeHHH [NDOM3BOJHTCS TaK IKe,
Kak 210 ObIO caesado B § 12 ri. I mas eBKAHAOBa npo-
crpaHcTBa, [lonoxeHnne Toukn P B TakuX MHOrOMEpPHBIX
NPOCTPAHCTBAX ONpejessieTcsl KOOPAMHATAMH X, Y, 2 ...
MECTHOM CHCTeMB! KoopiauHAT K, mpuueM 4YHCA0 KOOpPIHHAT
paBHO uHc/y H3MepeHHH paccMaTpHBAaeMOro TpPOCTPaH-
crea F. Ksazpat (As)? mnuHBI MaJjoro oTpesKa JIHHHH B
npocrpaHcTBe F ompesedsercs KBaapaTHuHoli ¢opmoii

(8512 = a (Ax)P+b(AYP +c (AP + ...
oo F2dAx Ay+2eBx Az 2fAyAz+ ..., (2)

rne a, b, ¢, d, e, f, ... cyTb QYHKIMH HavaJbHOH TOUKI
O0Tpe3Ka KpHBOH,

Dra KBajpaTuuHas ¢opma, Ha3blBaeMas pHMaHOBOU
¢dyH1aMeHnTaJbHOH MeTpuueckoll ¢opMoll, onpenesnsier Mer-
pHUECKYI0 CTPYKTYDPY «pHMaHoBa mpocrpaHctBa» F. B ua-
CTHOCTH, 3Ta KBajpaTHuHas (opMa MO3BOJIAET BBIUHCINHTD
kpususny mnpoctpanctea F. EBKnnnoBa reomerpus npo-
crpaHcTBa F noJdyuaeTca #3 pHMaHOBOH reOMeTpHHM B TOM
YaCTHOM cJyvae, KOrja KpHBH3Ha mpocTpaHcTBa F pasHa
gyawo (cp. § 11 ro. 1),

§ 2. flepexop ot cneuvanbHOH TEOPHH OTHOCHTEABHOCTH
K o0uieit

Cornacuo JiHlTeHY # MHUHKOBCKOMY, (PH3HKY MOXKHO
NOHUMAaTb Kak IeoMeTPHIO UeTHIPEXMEPHOro MHpa cofbITHI.
B nBymepHoM Mupe coOuiTuli nopeHuesnh cuctems K(x, f)
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§ 2. OEPEXOH K OBMER TEOPHH OTHOCHTEABHOCTU

UTPAIOT TAKYH0 XKe POJb, K&K INPAMOYIoJbubie CHCTEMB! KO-
opaunat K(x, y) B eBKJAHAOBOR MIockocTH (cTp. 82—84).
PeasTuBHCTCKas JIOpeHIeBa TreoMeTpHs OTJIHYaeTCs OT €B-
KJHJOBOH TeOMeTPHH Ha I[JIOCKOCTH TOJbKO CJEAYIOLIHM:
B JIOpeHIleBOH I'eOMeTpHH KBaJApaT PacCTOAHHS MeXIy ABY-
M «MUDOBBIMH Toukamu» E; u E. (7. e. KBajgpar JopeH-
ueBoH NJKHH MHpOBOro BerTopa EE,) pamen pasHocTu
KBajapaToB MPOEKUHH MHUPOBOrO BeKTOpa Ha OCH (Wpo-
CTPaHCTBEHHYI0 ¥ BPEMEHHYIO), & B eBKJHI0OBOH reoMeTpuu
KBajapaT paccTOAHUA MeXny AByMsa Toukamu Py u P, pa-
BEH CyMMe KBazpaToB COOTBETCTBYIOUIHX INPOEKUHH Ha OCH
X u y (reopema [lugaropa).

Ksagpar amausnl At sopeHueBa Bektopa EE, (ctp.
189—190) paeen

(A1) = Tf(Ax)*— (Asy}, (3)

npHueM SHak NJIIOC M/ MHHYC Mepel NpaBoi 4acTbio CJje-
JAyeT B3fTb B 3aBHCHMOCTH OT TOTrO, HMeeT Ju MeCTO COOT-
Howenne |Ax|>Af wiun |Ax| <Af. B nepeom ciyuae Bek-
top E,E; nmpocTpaHCTBEHHO-U0RO0HK, a BO BTOPOM CJay-
yae — BPeMEHHO-N0A00HBH, dnnHa At paBHa HYJIO TONBKO
IJ13 CBETOBHIX BEKTOPOB, AJNS1 KOTOPHX (Ax)?=(Af)2

To, uro BeIpaxenne (3) MoxKeT HMeTb pas/HuHble
3HaKH (+ MHJH —), Ha f3bIKe MaTeMaTHKH BHPaXaoT,
Ha3biBasi 3Ty JIODeHUeBY KBaApaTHUHYI0 GopMy Heonpede-
aennod. COOTBETCTBYIOIUYIO €BK/HIAOBY  KBajApaTHUHYIO
dbopmy (Ax)24- (Ay)? Ha3biBAOT onpedeseHHOl, TaK Kak ee
3HaK BIOJIHe oONpejiesied, a HMEHHO OH BCErna IOJ0MH-
TeabHbIN.

[TpaMbiM  JHHHAM eBKAMAOBON TEOMETPHH  COOTBeT-
CTBYIOT B JIODEHUEBOH TeOMEeTPHH NpsAiMble MHPOBLle JH-
Hul. BpeMmeHHo-mofoOHble mNpsiMble MHPOBble JHHHH H30-
GpaxaloT paBHOMEpHbie IBUKEHMd H 06,1axaioT, NOROGHO
eBKJHJOBBIM MPAMBIM, CJEAYIOUIHM [pHMedaTelbHbIM 3KC-
TpeMaJbHbM CBOficTBOM. Ilycth AB ecTb BpeMeHHO-NORO6-
Hotii MHPOBOH oTpe3oK. CoexuHUM KoHeuHble COBHITHR A M
B BpemenHo-nogo6Hoit snomanoit AE;... E,_B. Toraa
cymma colctBeHHBIX MuH At otpeskos AE;, EE, Oyner
Menbule COOCTBEHHON AMHHBI MHPOBOTO BeKTOpa (cp. HMOKa-
3aTeNbCTBO, NpHBelleHHoe Ha cTp. 191—192). D10 Mmaxcu-
MOAbHOE CBOUCT60 XapaKTepH3yeT NpsiMble JIHHMH (PaBHO-

215



[J1. V. OBUIAST TEOPHS OTHOCHTEJBHOCTH

MepHbie JBHXKEHHA) KaK «Teojle3uyecKue JHHHU» JopeHue-
BOH reoMeTpHH Mupa CoOBITuil,

C apyrofl CTOPOHEI, COTJIaCHO 3aKOHY WHEpUHH, MHPO-
Basi JIMHHS NpsiMOJNHeHHa (JABIJKeHHe paBHOMEPHO) B TOM
c/lyyae, KOrja paccMaTpHBaeMoe TeJ0 [BHMKETCs B TOJe,
He co3pgaloileM HHKAKHX Brewmuux cun. Ecan IBHXKeHHe
HOPOHCXOAUT MOX JeHCTBHEM CHJB, TO COOTBETCTBYOHias
MHUpOBasi JHHHA HCKpHBJsercs (ABHXKeHue MPOUHCXOJUT He-
paBHOMEPHO).

Onnaxko B pUMaHOBOH reomerpuil MOTYT ObITh KPHBOJH-
HEIHbBIMH Tax:Ke Teofe3ndecKHe JUHUH (/a9 IpHMepa yKa-
KeM Ha fonbliye KpYT'H B reoMeTpHH cdepHueckoil moBepx-
HocTH). B aToM cayuae eBkinmoBa Anuna As [cM. dopmyny
(1)] orpe3ka KpuBOii 3aMeHsieTCsi KOpHEM KBaJpaTHBIM M3
dyunamentanbHo# dopmb (17) Taycca — Pumana, B xoTo-
po¥t KoaQpHUHEHTH a, b H ¢ yXKe He NOCTOsIHHBIE, a mepe-
MeHHble, 3aBHCsIILHe OT TOH TOUKH P, H3 KOTOpPOH HCXOLHT
paccMarpHBaeMbil OTPe30K KpHBOH.

D10 0O6CTOATENLCTBO eCTeCTBeHHBIM 06pa3oM NpHBeJO
DiftninTefiHa K MbIC/IH pacCMaTPHBaTh CIELHAIBHYIO TEOPHIO
OTHOCHTE/ILHOCTH («JOpEHUEeBY I'eOMeTpPHIO») KaK YacTHHIH
cnyuait Gosiee ofuiedr Teopuu, obobuiawniiell JOpeHUEeBRY
reoMeTpHI0 B PUMAaNOBY IeoMeTpHIO MHpa cOOBITHH 110106HO
TOMY, Kak €BKJAHAOBAa reoMeTpus o6oblaercs B TEOPHUIO
l'aycca — Pumasa.

B pasBuToll Ha ocHOBe 3Toil uiaen oGiuel TeOpHH OTHO-
cuTeNbHOCTH coOCTBeHHast NJHHZ At MaJjoro BpeMeHHO-
noxo0HOTO MHPOBOIO BEKTOpA OMNpelensieTcsi OTHOCHTENLHO
MeCTHOH JopeHueroll cucteMnl Kg(x, ) KopHeMm Kpaapat-
HbIM H3 HeoOlpejeneHHOH KBaApaTHYHON «MUPOBOH (OpMbi»

a(Ax)?+2cAx At + b (A1, 3"

rae Ax 1 Af cyTb IpocTpaHCcTBeHHAs H BpeMeHHAs NpOoeKIUH
MHDOBOTO BEKTOpa, HayaJo KOTODOTO HAXOAHTCS B TOUKE
E(x, ). 3neck Ko3(puumeHTs @, b 1 ¢ cyTb PYHKIHH pac-
cMatTpuUBaeMOil MHpoOBOH ToukH E, T. €. QYHKUMH KOOpAH-
HaT x U f. DtH Ko3(UIHEHTH onpenensloTca H3 YCJIOBHA,
4TO JIBUXeHHe Teja MOJKHO TMPOHCXOINTb MO 2e0de3ude-
ckofi JIUHNH, cobCTBeHHAs AJHHA KOTOpo# obsnajgaer ynoMmss
HYTBIM BbILIE 3KCTpeMaJbHhEIM CBOHCTBOM.
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§ 2. MIEPEXOD K OBHIEP TEOPHHM OTHOCHTEABHOCTH

Taxkuum nytem BO3HHKaeT, B KauecTBe 000OUIEHHS cres
UHaJIbHOH TeOPHH OTHOCHTEJLHOCTH H COOTBETCIBYIOLLEH
3JIEMEHTApHON JIOpeHleBOH reomeTpus, obumas Teopus OT-
HOCHTE/BHOCTH — DHMaHOBa reoMeTpHs MHpPa COOBITHEL.

DTy MOHYMEHTaNbHYI0 HAc IJHHIITEHH TpHMEHU] B
cBoelt TeopuH TtArotenusa. Kosapduuuentol a, b u ¢ Heonpe-
JnefeHHON ¢QyHIaMeHTanbHON KBajpaTHuHOH QopMbel (37)
MHpOBOH MeTpHKH ONpefensioTcss B 2TOH TeopuH pacnpe-
IdeJleHHeM MaTepHH B MHDPOBOM MHpOCTpaHCTBe, € YHETOM
NOJMOKEHH W BeAMYHHB Macc. B kauectBe oTnpaBHOTO
OYHKTa HCIOAb3yeTcs caelyiollee 0GCTOATeNbCTBO: B OUeHb
MaJ/biX 9acTax MHPOBOTO MPOCTpAHCTBa reojesiyeckue JH-
HHH, 10 KOTOPbIM ABIDKYTCS HefecHble Tesa, NPHOMHIKEHHO
coBnajgaioT ¢ opbuTaMH, oupenensieMblMH Ha OCHOBaHHH
Kj1accuuecKol TteopHH TaroteHus HploToHa.

ITono6HO TOMY Kak eBKJAHIOBa TeoMeTpHSl sBAsETCH
npelebHbIM CJy4uaeM DHMaHOBOH reoMeTpHH IJs MaJblxX
NPOCTPAHCTBEHHbIX OKPECTHOCTelH, TaK H JopeHlIeBa reoMe-
TPHA cnenHaabHOH TeOpHH OTHOCHTE/BHOCTI NpeicTaBiser
cobofl npededbHBlfl cay4yafl pHMaHOBOH TreoMeTpHH MUpa
cobbiTuit ofliell TeOpHH OTHOCHTENBHOCTH B TOM C/yuae,
€C/1M OTPaHHUUTLCA DAacCMOTpeHHeM SBJAEHHUl B [OCTaTOUHO
Manoll objactn GH3Hueckoro mupa cobelituii. B camoM ne-
Je, TeOpus TATOTeHUst DUHINTENiHA HACTOJILKO TOYHO COBMAa-
naet ¢ 3akoHaMmH HploToHa faie B NpocTpaHCTBe, 3aHHMae-
MOM Hauleil cOJMHeUHOH CHCTeMON, UTO OTK/JAOHeHHA Jexar
HuxKe yooMsaHyTofl B § 2 1. [ mMuHuMaabHO#R omMOGKu Ha-
6monennst. Tosnbko upu nBmKeHHH Mepkypus — camofl
MaJioi nJaHersl Hameidl coaHeuHoOft cHcTeMbl «3ddexTh
Dfinmreiinay AOCTHralOT 3HaueHnil, HeMHOTO NpPeBbIAaUHX
MHHHMAaNbHYI0 olWnOKY Habsomenus. Ho u B 3TOM cayuae
IKCHEPHUMEHTANbHOe T[OLTBepXKIeHHe TeOpHH TAroTeHHs
DiiHmTefiia ocTaeTcs HeHajexublM, Takas e HeHajgex-
HOCTb NIOJIYYaercsl H IIPH SKCAEPHMEHTaAbHOM OmpeieseHin
OTKJ/IOHEHHs CBETOBHIX Jyuefi, BbI3bIBAEMOro, COLJIacHO 06-
1efi TEODHH OTHOCHTEJIbHOCTH, MOJeM TArOTeHHS HeGeCHBIX
teJ. OnHako B nociefnHe roael Gblin paszpaboTaHel Gosee
TOYHBIE 3KCTiepHMEHTa/bHble MeTOAbl A/ IMIHPHYECKON
NpOBEPKH TeOpPHH TAroTenus. Daaronmaps ombitam Méce-
6ayspa (Mossbauer), moayuuBmero B 1961 r. HoGenes-
CKYI0 [IPEMHI0, B HacTosilee BpeMs TeODeTHUeCKYI0 KapTH-
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rJ1. V. OBHlAg TEOPHST OTHOCHTE/JABHOCTH

Hy Mupa, BLITEKAOU(YI0 H3 ofbuiell TeOPHH OTHOCHTENbHO-
CTH, CJeJyeT CUHTaTb SMIHPHUECKH MOLTBEpH AEeHHOH.

B oueHb NpPOTsAXKEeHHBIX YacTAX KOCMOca pe3yJ/bTaThl
TeopHH TATOTeHH DHHLITENHa Aal0T Ype3Bbiuaito 6oJ/bline
OTKJOHEHHS OT (pH3M4eCKOl KapTuHbl KJaccHueckodl (H3u-
k. OHM 1a0T OCHOBaHHe NpeAnoJaraTh, 4TO MHPOBOE HpO=
CTpAHCTBO 3aMKHYyTOe, T. €. KOHeuHoe, HO Ge3rpasuuHoe.
CaenoBaTesibHO, NMPOCTPAHCTBEHHO-BpeMeIIHOA MHUP JOJXKeH
GbiTh «IMJIMHADPHUECKHM>», NOAOGHBIM TOMY, KOTOPBIT Obla
onucad B § 7 ra. II. IlpocTpaHcTBeHHBll Gasuc 3TOrO UpPO-
CTpaHCTBeHHO-BpeMeHHOro  Mupa o0pasoBaH  KOHeUHBIM
TpexMepHHM npocTtpaHcTeoM. HMexons u3 3TOf THIOTE3H,
SiinmTefiH xaxe OLITAACH C NOMOMIbIO CBOEH TEOPHU TATO-
TeHHs OHpeNe/]HTb KOHeuHbl 06BEM NpOCTPAHCTBA.

C Jsornueckofi TOUKH 3peHHs BIOJIHE BO3MOMKHA THIO-
1e3a, YTO MHP 3aMKHYT TakKxke BO BPEMCHHOM OTHOILIEHHH.
Taxofl Mup yxxe He Obl1 Obl WHJAHHADHYECKHM B HanpabJe-
HHI! BpeMeHH H HMeJ Obl B LesJOoM CTPYKTYpY, OMHCaHHYIO
BS§ 7 ra Il

3aHnto4eHue

B namefl nonbiTKe H3/J0XKHTh OCHOBHbBIE HIIeH KapTHHBI
MHpa, pacKphiBaeMoll COBpPEMEHHbBIM TOUlibIM €CTeCTBO3Ha-
HHeM, Mbl JIOCTHIVIH T'PaHHL, NepeiTH 3a KoTophle Ge3 NpH-
MeHeHHs METOIOB Bbiclmeli MaTeMaTHKH HeBO3MOXHO.
BupoueMm, H Te CBeJeHHs, KOTOpble HaM yAanoch HaTb B
371eMEHTapHOM H3JIOXKEeHHH, OCTa/JHCb YacTHYHO He3aKoll-
yeHHBIMH, TaK KaK MBI, Tjle TOAbKO MOIJIH, CTapajHCh H3-
feraTb «Bbicmieil MmaTeMatukKu». OcoGeHHO 3TO OTHOCHTCA
K nmaparpadam, MOCBsiliieHHbIM JHHAMHKe, DHMaHOBOH reo-
MeTpuH H oOielt TeopHH OTHOCHTEJbHOCTH. ITY TEOpHIO
MOXKHO ObiJI0O 3aTPOHYTh TO/IbKO BCKOJb3b, OrPaHHYHB-
IIKCh JHiOb OOUIHMH, [10BOJbHO HeONpeeJeHHBIMH YKasza-
HHSIMH.

C apyro#i CTOpOHBI, TpH KPHTHUECKOM DacCMOTPEHHH
TOrO WJIH HHOTO BOMpPOCA YacTO MNOJIe3HO OrpaHHYMBATEH H3-
JoXeHHe 3JeMeHTapHbIMM MeTolaMH H He mnpuberaTh X
MeTO#AM BbICOKOPa3BUThIX cllelHaJbHBIX AHCuHminH. UYa-
CTO YueHBIfl, HMEHHO BCJeACTBHE CBOHX TEXHHUECKHX HaBbl-
KOB, CKJOHEH Harnpas/iaTb CBOe BHHMaHHE OJHOCTOPOHHE
Ha jnajbHeiilllee pasBHTHe TEODHH M He OCTaHaAB/JIHBAThCH B
AOCTATOYHOH Mepe Ha GpyHIaMeHTaNbHbIX, NPHHIHIHAAbHBIX
acnexTax Teopuu. Jlaxke cHeLHaJHCTy Bcerla MOJIe3HO BO3-
BpamarThbcsd K T€M HCXOIHbBIM INPEANOCHIIKAM, H3 KOTOPbIX
BbIpOC/H TEOpHs H CO3JaHHas 3Toi TeopueH «KapTHHa MH-
pa». Kpuruueckhil mepecMOTp 35THX MNPEANOCHIOK MOXKCT
OMOub JYydlle MOHATb NMOAJHHHOE COLepKaHue HpejpcTasn-
JeHuil, paHee nPHHATHX 3a OUeBMAHble HJIH OCTaBINHXCHA
HeOCO3HAHHbBIMH. DTO BejeT K yriyb/eHnio HOHHMAHHS TeOo-
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pHH, K pacliHpeHH© mnoas 3penus. Taxoi KpurTuueckuit
nepecMOTp MOXeET MPEBPaTHTbCA B KpH3HC. Bhispnsercs,
4TO cTapble NpeJCTaBJeHHs CAHWIKOM Y3KH MM Jaxe Npen-
cTaBasioT coboil HeoGocHoBaHHHEe Hpenybexpenns. Crapas
KapTHHa Mupa paculaThiBaeTcs B CBOMX OCHOBaX H BblHy-
KJeHa YCTYNHTb CBOEe MeCTO HOBbIM B3IJIsi[aM, OTKDBIBAIL-
HIHM OyTh K cO3faluio Hosee MIMPOKOTO MpeicTaBJeHHsd O
RefICTBUTEJBHOCTH.

Chnenst 3a X010M Da3BUTHA TOUHOrO eCTECTBO3HaHHs, Mbl
OCTaHaBJIHBaJHCh Ha TeX 3Tanax 3TOr0 pasBHTHA, KOTOpble
IPUBOANJN K pelllaloli#M NOBOPOTAM MbILILVIEHHS B Hampa-
BJeHHH Gonee IUIPOKOro NOHMMAaHHA [eHCTBHTENbHOCTH.
TakuMu sTanamu GblTH: GyecTsiee JOCTHXEHHE IpeuecKol
@HTUYHON MBIC/M — MOJHATHE 3MIHPHUECKON FeOMETpHH Ha
BHICOKYIO CTyneHb MaTemartudeckolf teopun (EBxnaun); Bos-
HUKHOBeHHe coBpemeHHofl ¢usuku (Konepruk, Kennep, I'a-
Jaujelt); cospanue HbioToHOM Kiacchuecko# (H3HKO-Marte-
MaTHUYeCKOH YyHHBEpcaJbHOH KapTHHBI MHPa, B YacTHOCTH
NoJuMHEeHHe KHHeMATHUEeCKHX SBJEHHH NHHAMHUECKHM 3a-
KOHaM; BO3HHKHOBeHHe HeeBKIHNOBOH reometpuu (DBofisy,
JloGaueBckuit) 1 ee obobiieHHe B AU depeHUHaNTbHO-Teo-
merpuueckue Teopuu I'aycca n Pumana; KpuTHKa DHHITel-
HOM HOHATHA BpeMeHH, BbI3BaBIIAA MOsiBJeHUE ClelHaJbHOR
TEOPHH OTHOCHTEJNBHOCTH; TONKOBaHHe MHpa (QH3HuecKHX
co6biTHI Kak JIOpeHUeBOod reOMeTpHH YeTbIPeXMepHOro npo-
CTPaHCTBEHHO-BpeMeHHOro mHoroobtpasus (D#iniTelH, MHH-
KOBCKHI1) H, HakoHel, 00bsiCHeHHe rPaBATalMH C DOMOIIBIO
pHUMaHOBOH MeTPHKH dYeTblpexMepHOro MHpPa Ha OCHOBe
ofiiell TeOpHH OTHOCHTEJNBHOCTH JUHIUTEHa.

[naBHas Heab HAIIEro H3/J0XKEHHS COCTOSJIA B TOM, 4TO-
O6bl OTTEHHTb CJeyiolliHe BaxKHble U 00iHe 06CTOATeAbCTBA,

Kaxapii u3 YNOMAHYTHIX 3TafoOBR pa3BHTHS eCTeCTBO-
3HaHMs TpeicTaB/]sJ cobol IJyOGOKHE NepeBOpOT B MNpei-
cTapJeHHax. Ha MecTo cTapblXx BO33peHHH NPHXOAH/IH CY-
IECTBeHHO HOBbie B3rasjgb. OfHAaKo mepeXxofk K 6oJiee HOBOH
TOYKe 3peHHs HH B KOeM cJyuae He o3HayaeT MOJHOrO OT-
Kasa OT MpeXHHX [pexcTaBJeHufl. ITH nOpeacTaBaeHHs
o6pa3yloT MNOYBY, H3 KoTopol opraHHuecKH HpoH3pacraer
HOBad TeopHsi; OHH NPOJONKAIT XKHTb B HOBOH TeOpHH
an6o B MoaudHuupoBaHHOH dopme, JuG0 B Kauecrpe mpe-
JeJbHEIX ClyYaeB HOBBIX 3aKOHOMEpHOCTeH.
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Tak, nampuMmep, nepexox OT eBK/JAHAOBA [OHMMAHHS
OpOCTPaHCTBA K HEeBKAHJAOBOH reoMeTpHH HH B KOeM CJYy-
yae He O3HauaeT KpylleHHs yueHds Esknuna. Hopble Teo-
pUH IpPOCTpaHCTBA PACIHHPAIOT H MOAHUPHUHPVIOT eBKJIH-
LOBBl NpEACTABJ]EHHS, H, YTO OCOoGEHHO BaXKHO, eBKJAHHOBA
CTPYKTYpa NPOCTpaHCTBA coxXpaHseT ¢ 60abllof TOUHOCTLIO
CBOIO NpaBH/IBLHOCTL B AOCTATOUHO MaJsblX, HO C TOUKH 3pe-
HUS IPAKTHKH OOGbIUHBIX MPOCTPAHCTBEHHHX 06JaacTaX.

AnasoruuHpiM 06pa3’oM, NOHSITHE BpeMeHH, RBeleHHOe
DHAITEAHOM, COAEPHKHT CTapyw Teopuio abcogi0THOIO Bpe-
MEHH B KayecTBe TMpejessHOro cayudas. Peasrisusauus
BpeMeHH, c/lefloBaTeAbHO, NpejCTar/jeHHe, UTo BpeMeHHOe
TeueHue (PU3HUECKUX SBJEHHIl 3aBHCHT OT COCTOSTHHA ABH-
JKeHHs HabJslojarenas, pacupocTpaHAeTcs TOMIbKO Ha Y3KYIO
obaactb ¢u3nueckoHd NefiCTBHTeNbHOCTH. [103TOMY B mpak-
THYECKOIl XHU3HH H JaKe B IIHPOKHX objacTax HH3HYEeCKOTo
3HaHHA TOCAe[NOBaTeNb TEOPHH OTHOCUTEJIBHOCTH MOXKeT
NONb30BATbCA KJACCHUYECKHUM MHOHATHEM abCoI0THOTO Bpe-
MeHH 0e3 BCAKOrO OfaceHus NMPUIITH K NPAaKTUYECKH Cyuie-
CTBEHHLIM TNPOTHBOPEUHAM.

KyunemaTnka ¥ AWMHAMHKa TEOPHH OTHOCHTEJLHOCTH TaK-
’Ke XO0pouwo coBnajgaioT ¢ yueHuem Hbiorona, ecnu orpaHu-
YHTBCH pPACCMOTpPEHHEM CpaBHHTENbHO HeBOJbIIMX MNpo-
CTpaHCTBEeHHBIX H BpeMeHHBIX paccTosHUH H CKopocTei.

Teopus rpaButaunyu JfiHuITeiHA JaeT HHUTOXKHO Manble
OTK/JIOHEHHs OT 3aKOHOB NpHTSKeHHs HploToHa gaxe B 00-
JIacTH MNPOCTpaHCTBa, 3aHMMaeMoli Hauled COJHeYHOH cu-
creMolt, To/NbKO NpPH 3HAYMTENBHO OOJMBUINX, KOCMHYECKHX
PACCTOSHHAX OTKJOHEHHA CTAHOBATCHA CYL{ECTBEHHBIMH.

CoBpemeHHass KBaHTOBas TeOpHS, HAa KOTOpOH MH He
MOIJI# 3]1eCb OCTAHOBUTBLCH, TaKKe COAep)KHT B cebe KJjac-
crHueckyw (GH3HKY Kak npegeibHblli ciyuail.

Tounoe ecTecTBO3HaHHe, HECMOTPA Ha BCE NEPEBOPOTH,
BCe JKe B I(JOM COXpaHseT MOHYMEHTaJbHYIO HelpephbiB-
noctb. Natura non facit saltis, npupona ne nenaer ckaukos.

D710 Bcerja Haxo YUHTBIBATh, €C/AH KEJaTesJbHO HMEThb
OpaBW/IbHOE TMpEACTABJeHHE O COBPEMEHHOM MOJ0XKeHHH
TOYHOI'0 ecTecTBO3HaHuA. TeopHs OTHOCHTEJNBHOCTH H KBaH-
ToBad (H3UKa CylieCTBeHHBIM 00pasoM H3MEHHJIH (u3ude-
CKYIO KapTHHY MHpa. B TeueHHe HeCKOJNBKHX HecsTHJeTHH
Mbl NepeXHBaJH BCe HOBHlE M HOBble HEOXHIAHHOCTH
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CTpeMHTEIbHOCTh DAa3BHTHH TOUHOrO eCTeCTBO3HaHWA, ne-
PEBOpPOTHI, BH3BAHHbBIE 3THM Pa3BHTHEM B TEODHH H B Tex-
HHKe, B KaKoil-To mepe BHyinawT Tpesory. OaHakKo He MO-
XKeT OBHITH HHKAaKOrO COMHEHHMS B TOM, UTO B HacTosllee
BpeMsi TOYHOE ecTecTBO3HaHHe HaXoAuTCcs B ¢dase nmpoayk-
THBHOrO W MOuiHOTro pa3BuTiA. Kakux-nmu6o npH3HaxoB
voajnxka B 3TOH ofnacTH KyabTypbl He BUAHO. HoBble cMe-
Jibie HayuHble HIeH OCHOBaHBI B NPOTHBONOJOXHOCTb HEKO-
TOPHIM JApPYTHM SIBJAEHHAM COBPeMeHHO!l KyJbTypH He Ha
GecrmopslouHOM 3KCHepHMEHTHPOBAHHH HJIH MpPOH3BOJBHBIX
Hueax. Ecniyu BHUKHYTH B HPHPOAY COBPEMEHHBIX Hay4HBIX
nepeROpOTOB, TO HETPYAHO YBHIETb, YTO TOUHOE ecTecTBO«
3HaHHe HEeMpephLIBHO JBHMKETCA Blepel N0 TOMY MYTH, 1o
KOTODOMY udesoBeueckas MbIC/b Hauaja HATH elle B ApeB-
HHe RpeMeHa.

NMutepartypa

A. Mo temam «IlpocTpaHcTBO® M, yacTu'mo, «Bpema»

{1} «Havanas» EBxaupga, 1. I—III, M—JI, Tocrexuanar, 1948—
1950.

Knaccuueckoe coddHeHne, CoiepiKauiee mepsbill TolleMWdfi 10 Hac
ONBIT JeAYKTHBHOTO NOCTPOGHHS T€OMETpHIL.

2} Tuae6epr M., OchoBanus reomerpun, M.—J1, Focrexuspar,
1948.

dta xuura, nNpHHajgeRallan mePy ONNOrO N3 KPYNHCAMHX MaTe-
matukos XX BeKa, COZepXKHT OIHY M3 NePBLIX INOCJEIOBATENLHO [e-
AYKTHBHBIX CHCTEM NOCTPOEHHS reOMeTPHM, 4 TaKKe TIATeabHbl J0-
THUECKHH aHa/H3 NPEIJOKEHHOH aKCHOMATHKH, B pycCKOoM W3NaHKHK
nepeBol KHMrH CONpoOBOXKIaercs oOCTOSTE bHON BBOAHON CTartbell
I1. K. Pamesckoro, copepxaimetl, B yacTHocTd, pa3bop ofuiHX BOapo-
COB  AKCHOMATHYECKOrO TIOCTPOEHHS TeOMeTPHH, BO MHOTOM MEpeK/H-
Kawmuiica ¢ ra. [ sactosuelf kaurn,

[3] C6opuux «O6 ocnoBauusx reomerpuu», M., [ocrexmagar, 1956.

B stofi knHre cobpaHsl MHOrHE KJaCCHYECKMe DABOTHI, CBA3aHHblE
¢ npoG/eMaMu OOOCHOBAHHS TEOMETDHH, B TOM UYHC/IE YINOMAHYTHE B
ra. I nacroguiefi kuury padotnt K. ®. Faycca, f. Boiian, H. . Jlo6a-
yeBcroro, B. Pumana u ap.

[4 Pamesckruii I1. K, FeoMeTpus u ee akcuoMaTHKa, Cé6op-
nug «Maremarugeckoe npocseulenue», smn. 5, M. Puamarrus, 1960,
crp, 73—98.

HayuHo-nony/spuas craTos, 61u3Kas K BCTYNHTEJALHOMY OYEPKY
TOTO M aBTOpa, NPEeanuCjaanHoMy pycckoMy H3zauuio KHHrw M. Fuag-
6epra [2].

[5] Posendeana B. A, AxkcuoMmbl u OCHOBHbE MOHATHS reo-
MeTphH, «JuNHKAOTeNuA ieMeHTapHoil Matematmki» (9IM), ku, 1V,
M., ©@usmarrus, 1963, crp. 9—48,
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ITo cBoemy xapakTepy »Ta cTarbs 6amska K crarve I1. K. Pauwes-
cxoro [3}; oxnmako B Hefl GoJbllie BHHMAHHS yJeJeHO HCTODHH AelyK-
THBHOTO NOCTPOEHHS FEOMETPHH.

[6) Karau B. @, Ouepkn no reomerpuy, M., Maa. Mocxosckoro
yHusepcurera, [963.

TlepBuiit pasmes »Tofl kuury, NpuHaJCXKalleH @epy 3aMeyaresb-
HOr0 Y4eHOTO H NONy/PH3ATOPA reOMETPHH, HMeeT MHOro TodeKk CO-
NPHUKOCHOBEHHS C COACPIKAHHEM HaCTOsIlefl KHHTH.

[7 Karan B. @, Jlo6auesckuit, Han. Axamemuu mnayk CCCP,
M.—JI., 1948.

TMonpotuas 6uorpadus H. WM. JloGauerckoro, B Kortopoit oGcrosi-
TeJAbHO pa3obpaH IMHPOKMA KDPYr BONDOCOB, €BA3aHHBIX € TeMOfi Ha-
CTOSINLeH KHUTH.

[8] Karau B. &, JloGauesckuilt u ero reomerpus, M, Focrexus-
nar, 1955.

CBopHHK TIONYASPHBIX CTaTeli H3BECTHOro reoMeTpa H Nejaarora,
BecbMa WINPOKO 3aTPAriBalOMIUil BeCh KPYr BOINPOCOB, CBA3aHHBI C He-
eBKaAHI0BOH reomerpueli JloGavesckoro.

[99 Kokctep I'. C. M, Bseneune B reomerpuio, M. «Haykas,
1966.

O6cTosiTeslbHBIE  yyeOHHK TeOMeTDHH, DacCYMTAHHLIf Ha HacTosi-
WHX # OyAyIHX yudTe/eil MareMartHKH; COAEPXKHT JOCTYNHOe H3jlomKe-
WHe MHOCHX pa3jefoB TEOMETPHH, 3aTPOHYTHIX B Fa. | Hacrosuel
KHury (OCHOBAHHS TeOMETDHH, HEEBKJHAOBA TIEOMETPHA, Teopus I0-
BEPXHOCTel, MHOrOMEDHas TeOMeTpHA H T. 1.).

[10) Poseudennn B. A u Sraom H. M., Heepkaunosn reo-
meTpni, I3M, ku. V, M., «Hayxa», 1866, ctp. 393—475.

B s3r1ofl crarbe, NOCBSIEHHOH p&a3HLIM THOAM <HEEBKJAHAOBLIX»
reoMerTpull, Hapsly C HeeBKIHAoBOH reomerpueit JloGayesckoro satpa-
I'HBAIOTCA H TEOMETPHYECKHE CHCTEMbl, CAyXallde AJst HHTePNpeTaiHH
¢ aKTOB KA2CCHYECKOH H PEIATHBHCTCKOH MEXaHHKH.

[11] Pozendeawva B. A u Iranom H. M, Muoromeptnie npo-
cTpauctBa, M, xu. V, crp. 349—392.

Hayuuo-nony/isipHast CTaTbst, MOCBAWEHHas 3aTponyTomy B § 12
ri. | Bonpocy 0 MHOrOMepHLIX NPOCTPAHCTBAX.

[12) Araom M. M. u Atraunacsan JI. C., I'eomerpuyeckue fpe-
obpasopanus, 39M, ku. IV, M, Pusmarrus, 1963, crp. 49—158.
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§ 6 s7olf o0wupHoll craTbH coxepXHT ofCyKIeHHE BOMPOCA O reo-
MeTpHUeCKOff TpPaKTOBRe (H3UUECKHX <IPHHLIIAOB OTHOCHTENLHOCTHY,

[13] Anexcaungpos II. C, Koamoropos A H., Hukoaai
ViBanosuu JloGauesckuii (k 150-setuo co amust powxienusn), M.—J1., Foc-
Texusnar, 1943.

Kaura [13), cocrosimas H3 HeCKOJbKMX cTaTefl ABYX BBLAAIOUIHXCSH
COBETCKHX MaTeMaTHKOB, 3aTPArHBaeT LeNbl psiii BONPOCOB, CBA3AHHLIX
€ colepxanneMm ra. I HacTosuledl KHHrd,

B. Mo remam «Bpemsa» u «OTHOCHTEABHOCTbY

[14 NMopenn F. A, Nlyaunkape A, Dditvwrefin A, Mus-
koBcKHil [, IIpuanun oTHocurtemvHoctd, M.—J1., OHTH, 1935.

CGoprux kjaaccHyecKHX crarell OCHOBOMOOKUHKOB TEOPHH OTHO-
CHTENBHOCTH.

[15] Dfinmrefin A, CyliHOoCTh TeOPHH OTHOCHTEIbHOCTH, M.,
HJI, 1955.

[punajnexamee camomy DilmurTefiHy cepLesdoe H3/JokeHHe OC-
HOB Crelia/aLHof U oOIiell TEOPHH OTHOCHTELHOCTH.

[16] Diftwwrefin u pasBuTHe (H3UKO-MAaTeMaTHYeCKOH Meuican, M
Wsn. Axazemuu sayk CCCP, 1962,

[17] Diinwteiin u cospemennas ¢usuka, M. Foctexusmar, 1956.

Coopuuxu [16] u [17] comepxkat crarbh ofllero xapakrepa, NpuHaj-
JexallHe MaTeMaTukaM H (H3HKaM Pa3HbIX CTpaW (B TOM 4YHCJe H ca-
MoMy DAHMmTeliHY); HMEIOT MHOTO TOYeK CONPHKOCHOBEHHA C COmep:Ka-
HHEM HacTosIlefl KHHIH.

it

[18] Dfinmrefin A, O cneunasoHol U oOLeH TEOPHH OTHOCH-
TebHOCTH (oOmenocTynHoe uanoxenue), IlTp., nayuHoe Kuurowsaare/p-
crBo, 1923. (Knura Br/IOYeHa takxke B cGopuuk [41])

TIpepocxoiHoe H3MOXKEHHE OCHOBHBIX HIAEH TEODHH OTHOCHTE/b-
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