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§ 1. INpoctpaHcTBo M Bpemst

1. Kak yxe 6bLIO CKasaHO BO BBEJEHHH, B MeXaHHKe O8UdXceHuem
HasLIBAIOT H3MEHEHHE TOJIOMKEHHST TeJa B MPOCTPAHCTBE ¢ TeUueHHeM
Bpemenu. Iloa nojoxeHnueM 3jech NOHHMAETCS OMHOCUMEAbHOE NOAO-
Henue, T.e. NOJOKEHHe Tela OTHOCHTeNbHO Apyrux Tena. [loHsTue
aBCoOJIIOTHOTO TOJNOXKEHHs, T. €. INOJOXeHHs] Tela B KaKoM-TO «abco-
JIOTHOM TIPOCTpPAHCTBE» OE30THOCHTENBHO K JAPYTLUM TedaM, JHIIEHO
cofiepKaHHus.

Teqo waM cHcTeMa Tes, OTHOCHTENHHO KOTOpHIX ONpejesercs
[OJIOXKEHUE OCTANLHLIX Tesl, HA3LIBAETCH MPOCIPUHCHGEHHOL CUCmeMOL
omeuema.

YTBep:xk/JeHUHe, YTO J1BA DA3JHYHBIX He OJHOBPEMEHHBIX COOBITHS
MPOU3OLLIH B OfHOM M TOM K€ MeCTe HpPOCTPAHCTBA, JHILIEHO COAepia-
HHs, IOKA He yKa3aHa cdUcTeMa OTCueTa, B KOTOpPOH COGHITHA paccMa-
TpuBatoTcsl. Ilaccaxknp B JABHXKYyIIeMCsl XKeJe3HOJOPOXKHOM BaroHe
B35Jl M3 CBOEro 4eMOoJaHa KaKylo-TO Belllb H CITyCTsl HEKOTOpOe BpeMs
MONOXKHU ee ofpaTHO. MOXKHO CKasaTh, YTO OH B3fJA H IMOJOXKHJA 3Ty
Belllb B OJIHOM H TOM XK€ MeCTe, €CJIH 33 CHCTeMy OTcyeTa NMPHHATL JABH-
Kymufics Baron. Ho Te xe 1Ba cobpITHsA GyAyT NPOHCXOAUTE B Pas/Iny-
HBIX MeCTax, ecjJH HX pacCMaTpHBaTh B CHCTEMe OTcyeTa, CBSISaHHOH
C MOJIOTHOM 2KeJle3HoH joporu. Hampumep, oHO co6bITHE BHYTPH BaroHa
morJjio npousofith B MockBe, a apyroe — B JIeHHHIpaje.

2. B KauyecTBe NpPOCTPAHCTBEHHOH CHCTEMBl OTCHETA MOMKHO B3AThb
NPOU3BOJIBHOE TBEpJOe TeN0 H CBA3ATh C HHM KOOPOUHQMHbE OCU,
HanpuMep, JeKapTOBOH MpPSAMOYIOJbHOH CHCTeMBI KOOPAHHAT, peasiH-
30BaHHbIE B BHJE TPeX B3aHMHO NepNeHAUKYJSAPHBIX TBEPIbIX CTEpPIK-
Heil. IlosoxeHnne KaXJAoH TOYKH B M36paHHOH HPOCTPAHCTBEHHOH CH-
cTeMe OTCUYera MOXKHO 337aBaTh TPeMs UHCJIAMH: KOOPOUHAMAMU MOYKU
X, Y, 2, IPEACTABJSIOMUMH cCOOO PacCTOSHUSA OT 3TOH TOUKM JO KOOp-
JMHATHBIX ITockoctedl YZ, ZX, XY coorBerctBenHo (puc. 1). Tpm
KOOPJMHATHL X, I/, 2 MOXKHO OOBEJUHUTL B OJAMH HANPABACHHbIUL OMpPesoK
WK paduyc-eekmop ¥, TMPOBEJEHHLI H3 Hada/ja KoOpAHHAT B paccMa-
TpuBaeMylo Touky. KoopiHHAaTH X, y, z SBJASIOTCS €ro NPOeKLHSIMH
Ha KOOpJAHHATHHIE OCH, a HOTOMY
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rae i, j, R — koopOunammbie opmet, T. €. eIHHHYHBIE BEKTOPHI, HAMPAB-
JEHHBIE BJOJL KOODJUHATHBIX oced X, Y, Z.

CyulecTByloT JABa BHAA KOODIAMHATHHIX CHCTEM: npasas N Aeeds.
Hx pasnuuaror ¢ nomowbio npasusra 6ypasiuxa. Bynem BBHHUHBATDL
6ypaBYMK C NpaBO# Hape3KoW, Bpaulasi ero pyduky B miockoctd XY
KpaTyaflluM MyTeM OT TOJIOKHTEJNBHOTO KOHIA OCH X K TMOJOXKHTEb-
HOMY KOHUY ocH Y. B npaBofi cucTeMe KOOpAMHAT MOCTYNATENbHOE
nepeMeillende 6ypaBudka GYJeT MPOHCXOAUTE B NOJOXKHTENLHOM, B Jie-
BOH — B OTPHLIATEJpHOM Hanpab/jeHud ocH Z. Ha puc. 1 npesncrasiena
npaBaA CHCTeMa, a Ha puc. 2 — jepas. [lpaBas cucreMa HMKAaKHMH
BpallleHUAMH He MOxeT OblTh COBMelleHa C JeBoi. Ofe cHCTEMBI OTJIM-
yalTcs APYT OT Apyra MPUMEPHO TaK XKe, KaK I1paBas pyka OTJIHYaeTcs
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or jnesod. Ho npaBasi cucremMa nepexojuT B JEeBYIO, €C/IH H3MEHHUTDL Ha
TIPOTUBOTIONOKHOE MOJOXKUTENIbHOE HanpaBJjeHHe OJHOH H3 KOOPAHHAT-
upix ocefl. To ke camoe npoH30HAeT, €CAM H3MEHHTb HA MPOTHBOMNO-
JIOXKHBIE TONOKUTENbHBIE HarlpaB/ieHHs BceX Tpex ocell. Ilocneanss
ornepanusl HAa3bIBAETCH UHBEPCUell KOOPOUHAMHMbLX OCell WM ompadce-
Huem 6 Hatare koopOuram. Hanpumep, n3obpakeHHeM NpaBoil CHCTEME
B TIOCKOM 3epKaJjie Gyaer JeBast cucrema, u HaobopoT. B dusuke npu-
MEHSIeTCSt HCKJIUUTEJNBHO I1paBasi CHCTeMa.

3. KoopguHartel X, Yy, z, KOTODBIMH ONPEAENSETCS: NOM0XKEHHE TOUKH
B U30paHHON CHCTEMe OTCYeTa, SIB/SIOTCS KaKUMH-TO yHcaamu. Koau-
yecmeenroe onpedeseriue THX KOOPOUHAM, PABHO KAK U KOAUMECHBEHHOe
onpedeserue BCAKOU QUUHECKOU BeAUMUHbL, CBOOUMCA 8 KOHUEe KOHUO8
K YKA3AHUI0 NPURLUNUAALHOE0 cnocoba ux usmeperus. I1pu sToM HMeloTCA
B BUJY UMEHHO NPUHUUNUAAbHbIE, 4 HE RPAKmu4eckue Crocobbl H3Mme-
peHHsi. DTH U3MepeHHsl JOJKHBI JHIIb PasbsiCHUTb CMLICJI, TOYHEE,
OPUHIMIHAIbHBIA CMOCO0 MOJYYEHHS X, Y, 2, PABHO KaK M BCAKHX
YiceJ, C NOMOUIbI0 KOTOPHIX KOJHYECTBEHHO XapaKTepH3YyIOTCS BCe
¢usnueckue BeaMuHHEl. [To3TOMY MBI MOXKeM HpelloJararb, 4To TaKHE
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cnocoGbl H3MEPEHHs SIBJISIOTCS UOEAAbHbIMU, A CAMble H3MEPEHHs BhI-
NOAHATCA a0COMIOTHO TOYHO. KoopauHaTtel X, y, z SBAAIOTCH JUIH-
HaMH, a NMOTOMY HX HaXOXJeHHe CBOJHMTCH K HM3MEpeHHIo JJIHH, T. €.
K ONpEeNe]eHHI0 TeX YHced, ¢ MOMOLLBIO KOTOPbIX XapaKTepU3yloTcs
AauHbl, Korza Mel roBopHM o6 H3MEpeHHH JUIHH, TO HMEeM B BHLY
C/IEAYIOIIYI0 H3MEepHTeNbHYI0 onepanuio. Hekoropu#i TBepawmifi crep-
KeHb YCJIOBHO NpPHHHMaercsl 3a 3Ta/OH, a ero JJHHA — 32 eIHHHIY
asunbl. [Ipyu u3MepeHHH JVIMHBL TeJla B KaKOM-JTHOO HampaBJIEHHH Olpe-
JleJIsieTcst HCI0, TOKa3blBaloliee, CKOABKO Pa3 B 3TOM HalpaBjeHHH
B TeJ€ YKJAaJbBaeTcsl BEIODAHHBIH 3TaNOH. JTO YHCIO H Ha3blBaeTcs
AJIHHOHA Teja B paccMaTpuBaeMOM HanpaBieHHH. EciH oHo He liedoe,
TO MpeABapPHTEIBbHO JIHHY 3TaJOHA ClelyeT Pa3fenuTb Ha Gojee mel-
KMe 4aCTH: JecsTble, cOThie W Np. Mcrnoas3ys Hx Hapsily ¢ caMHM 3Ta-
JIOHOM, MOXKHO NPeACTaBUTh JUIHHY BCSKOIO TeJa
¢ B BHJE JecATHYHOH ApOOH WJIH LeJoro 4ucia
C JeCATHYHOH [pO6BIO.

4. IsmepenHe MJIHHBI HENOCPEACTBEHHBIM
IIPUKJaJbIBAHHEM 3TAJOHA HJH ero yacrefl Ha-
3LIBACTCS npamoim usmeperuem. Ilpsimele u3Me-
peHusl He Bcerja BO3MOXKHH. Tak, OHH HeBO3-

y) MOXXHBI TIDH H3MEDEHHM PAcCTOSIHHE 710 yaaseH-
4 4 HBIX TeJl, HampuMep TIJIaHeT, 3Be3J, H APYTUX
HeGecHbIX 06beKToB. OHH HEBO3MOXKHBI M IpH
M3MepeHHH OYeHb MaJ/blX AJIHH, HANPHMEP TaKHUX,
C KOTODHIMH HMeeT fieJlo PH3HKa aToMa, aroM-
HOTO sfijpa HWJH 3JleMeHTapHbIX yacTull. Bo Bcex 3THX ciyvasix mpu-
MEHSIIOT KoCGeHHbie memolds:. [IpaBMJIBHOCTE TaKHX METOAOB JAO0JKHA
KOHTPOJHPOBATLCS HPSAMBIMH METOAAMH (pasymeercsi, B TeX CJydasx,
KOrjia Moc/efHHe pUMEHHMB!). 3a npejesaMy ke NPUMEHHMOCTH Hpsi-
MBIX METOJOB OCTAIOTCS OHH TOJNBKO KOCBEHHEIE METOARI. 3]€eCh NpsiMble
U3MEPHUTEbHbIE ONepallud, ¢ MOMOUIBI0 KOTOPHIX NepBoHAaYalbHO GBLIO
BBEJIEHO KOJHYECTBEHHOE MOHSITHE IJVIHHBI, CTAHOBSITCS YHCTO YMO3pH-
TeJbHBIMH, & KOCBEHHbIE MeTOAbl (aKTHYeCKH HIPalOT poJib OCHOBHBIX
IPHHIHITHAJIbHBIX H3MEpPHTEbHBIX Ofepanui, KOTOPHIMU PacKphIBaeTcs
CMBICJI CAMUX [UIHH, WJIH, TOYHEe, TeX YHCes, KOTOPBIMH JJIHHBI Xapak-
TePH3YIOTCA.

ITpuMepoM KOCBEHHOTO MeTOJa MOXKeT CJYKHTL MpPUaHeyAsyus,
npuMeHsieMass A5 U3MEPEHHS PACCTOSHHH 1O yJAa/JeHHbIX MpeIMEeTOB.
[TpsAmbIM MmeTopoM H3mepsilorT JAMHHY «6ase» AB (puc. 3), ¢ KoHuos
KOTOPOH Jles1aloT «3aceyku» VjaajeHHOro obbekta C, T. e. H3MepsilorT
yrasl o 4 f mexay 6asolt AB u npameiMu AC u BC. Ilo 31uM faHHBIM
HCKOMOe paccTosiHue 1o o6bekTa C MoxKeT ObITb HafiieHO reoMeTpHue-
CKHUM 1IOCTPOEHHEeM WJIM BHIYHCJIEHO Ho QopmysnaMm reomerpuu. Eciu
Ga3a AB nacroJbKo BeJHKa, 4TO ee JMuHAa He MoxKeT ObiTh HalifieHa
TPSMBIM H3MepeHHeM, TO MOXHO BLIOpaTb §oJiee KOpPOTKyKW a3y H
3aTeM HaHTH JNHHY 6a3bi AB OMHCaHHLIM KOCBeHHbIM MeTOjJoM. IIpuH-

Puc. 3.
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IIMIHAABHO 3TO HHUero He MeHsier. Bosiee cyliecTBeHHO YSICHHTb Teo-
peTHUYecKYIo OCHOBY MeToja. B MmeTone npeanonaraercsi, 4To CTOPOHaMH
TpeyrojbHiKa ABC SBASIOTCA npsamble AUHUU, NOOYUHAOUUECS AKCU-
omam eeomempuu Eexiuda. Ho kakumH MaTepuasibHEIMH OGBEKTAMH
peasu3yIoTCsl 3TH CTOPOHLI? TaKuMu oObeKTaMu SBJAIOTCS CBETOBLIE
Jy4H, npuxopsmue ot oovekra C k ToukaM A u B. CregosarenbHo,
B OCHOBE PacCMaTPHBAEMOro crocoba JEXHT THIIOTE3a, YTO CBETOBbIe
JIY4H MpPSAMOJIHHEHHBI, T. €. MOAYHHSIOTCS TEM XKe aKCHOMaM I'eOMeTpHH
EBkiHaa, uTo W reomeTpHyeckue npsmele auuud. Ho sTa rumoresa
He oueBHJHA. [[0Ka3aTb WJIH ONPOBEPTHYThH €€ MOXKHO TOJbBKO OMLITHBIM
nyteM. Ilpu 3TOM HMeIOTCH B BHAY CBETOBEHIE Jyyd B BaKyyMme, a He
JY4YH B atMochepe, re OHH JeHCTBHTENBbHO HCKPHUBJAAIOTCA H3-3a H3Me-
HEHHA II0Ka3aTessl IPeJOMIEHHS OT TOYKH K Touke. Takoe HCKDHBJIeHHe
Jydefi MoxKeT OBITh YUTEHO H JeHCTBHTEIbHO YYMTHIBAETCHA, KOTJa
TOYHOCTb H3MepeHHH 3Toro Tpebyer.

Kak wmoxHO yOenutbcss B NMPUMEHHMOCTH HJIH HEIPHMEHHMOCTH
reoMeTpud LEBK/HZA K pealbHOMY MHPY B yYKA3aHHOM BhIIIE CMbIC/IE?
ITpsAMOH MeTOZ COCTOMT B TOM, YTO HaJ0 IOABEPrHYTb 3KCIEpHMEH-
TaJlbHOH IpOBEepPKEe CJENCTBHS, BLIBOJUMbIE H3 AKCHOM T[eOMeTpHH
EBkanga. OIHHM H3 TaKHX CJA€ICTBHE ABJAseTCs, HAIPHUMEP, Teopema,
yTBepXKJaoLias, 4TO CyMMa BHYTPEHHHX VTJIOB TPEYrOJbHHKAa paB-
userca - 180°. Benukn#é maremaruk [ayce (1777—1855) uamepsan
B 1821—23 rr. co Bceil BO3MOXHOH TIATENbHOCTLIO BHYTPEHHHE YIVIbI
Tpeyro/ibHHKa, OOPA30BAHHOIO TPeMs YJaJeHHbIMH TOPHBIMH BepIIH-
HamH. [IJMHBI CTOPOH TpeyroibHHKa Obuin mopsika 100 kM. On
Hallea, YTo B IpeAenax owWHGOK H3MEpeHUH He Hab/10[a/och Hapylie-
HHIl YKa3aHHOH TeopeMbl. DTOT MeTol He rogutcsd B Macwrabax Cod-
HEYHOH cHcTeMbl M OOJIBIIMX, TaK KaK BCe H3MepeHHs IPOM3BOAATCA
¢ 3eM/H, U Mbl He MOXKEeM HeNoCpeACTBEHHO H3MEPHTb BCE TPH BHYTDPEH-
HHUX yIJa TPeyrolbHHKA, BepIIHHAMH KOTOPOTO IIOMHMO 3eMJIH fB-
JSIOTCS, HalpuMmep, Kakue-THGO JBe IJIaHeTbl HJIH 3Be3fbl. 3/eCh MbI
CYAHM O HPHUMEHHMOCTH reoMeTpHH EBK/HIA HA OCHOBAHHH KOCBEHHBIX
JAAQHHBIX — M0 COTJIACOBAHHOCTH pPAa3J/IMYHBIX pe3yJIbTaToB, MOJIYYeH-
HBIX € HMCNOJb30OBaHHEM TakKoH reomerpuu. Tak, MOXHO IpeIBbIYHC-
JIUTb JBH:KeHHe IaHeT CoJIHeUHOH CHCTeMbl Ha MHOTO JIeT BIepel H
IIPOBEPHUTD NOJy4YeHHble Npeackasanus. Eciiu Gbl OHH He ONpaBAAJIHCh,
TO OJHOH M3 HPHYHH MOrJa Obl GbITh HEPUMEHHMOCTb reoMeTpuu EB-
KJAua K oOjacTAM NpocTpaHcTBa Nopsjaka pasmepoB CoJIHEUHOH cH-
crembl. HaoBopor, cor/iacue ¢ onbITOM (4TO Ha CaMOM Je/le HMEeT MeCTO)
yKasblBaeT Ha TO, YTO COMHEBAThCA B IIPHMEHHMOCTH TeoMeTpuH EB-
KJIHJa B 06/1aCTSIX TAKOro pa3Mepa HeT ocHoBaHuil. He BiaBascek B sTOT
BOIIPOC, OTPAHHYUMCSA 3aMeYaHHeM, YTO, I0-BHAHMOMY, HET CyLIEeCTBEH-
HBIX HapymweHu#d reomerpHd EBkiauaa B obnacrax nopsika pa3sMepoB
Haweit larakmuku (~10% M) u naxe Memazarakmuku, T. €. 4acTH
BceseHHO#H, IOCTYNHOH HCCNEOBAHHIO C MOMOLIBI0 COBPEMEHHBIX HaH-
GoJiee MOLIHBIX TesqecKonoB (~10% ). TouHo Tak Ke HeT OCHOBAHHH
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OXHJATh CYIIECTBEHHHIX HapyuieHufl reomerpun EBknnga U B cy6-
aTOMHBIX 00JIaCTSiX pa3MepoM, cKaxkeM, mopsixa 1073 m.

CBeTOBbiE YUYW INPH ONpeJeJeHHH MOIOXKeHHA yAaJeHHbIX TeJ
BBIOJHAOT H IPYTYI0 BaXHYIO GyHKuHo. OHH CIYyKAT TeMH MarepH-
aJbHBIMH OOGBEKTaMH, C IIOMOIIBIO KOTOPbIX KOHCTpPYHpyeTcsa cama
cucrema otcuera. JleACTBHUTENbHO, TBEpAble CTEPXKHH He MOT'YT ObIThb
HeoTpaHHYEeHHO JJIMHHBIMH, a TOTOMY OHHM He MpPHTOJAHBl B KauecTse
KOODJHHATHBIX Ocefl BO BCEM MPOCTPAHCTBe. Ty poab GepyT Ha celst
CBETOBbIE JIyUH, SIBJASIONIHECA NMPOAOJKEHHAMH B HYKHBIX HallpaBsJe-
HUAX KOODJAMHATHEIX OCeH, IMepBOHAYaJbHO peaH30BaHHBIX TBED/BIMH
CTEPKHSMH.

5. B CBsI3M C H3JIOKEHHBIM Ie/1eco0bpa3Ho CAeNaTh OAHO 3amMeda-
HHE O CBf3H (HU3HKH C MaTreMaTHKOH. MaTemMaTHKa HrpaeT HCKJIOYH-
TeNbHO BaXKHY!0 podb B (pH3HKe. De3 Hee coBpemeHHas (H3HKa He-
MbiciMa. OfHAaKO HEOGXOAMMO MpPAaBH/JALHO NMPEACTaBJAThL cebe HCTHH-
HY!0 pOJib MaTeMaTHKH B (DPM3HKe, H K 3TOMY BONPOCY Mbl ellle OyaeM
HEeOJHOKpaTHO Bo3BpallaTbcsa. YHcTas maremMaTHKa HMeeT Jelo ¢ ab-
CTPAKTHBIMH OObEKTaMH H MOHATHSMH, MOLYHHAOMIUMHCA Olpee/ieH-
HOH cHcTeMe akcuoM. EnuHcTBeHHoe TpefoBaHHe, IpeAbLsBJseMOe
B UYHCTOH MaTeMaTHKe K ee IIOHATHAM H akKcHoMaMm, CBOJHMTCS K HX
Aoz2useckold Henpomusopequsocmu. Bce cBoM pe3yJbTaThl YHCTas Ma-
TEMaTHKa MoJyyaeT M3 STHX AKCHOM INyTeM JIOTHYECKHX pacCyxjaeHHH,
OCHOBAaHHBIX Ha mpaBua1aX ¢opmanbHOl JorHkH. Cojep:KaHHe 3THX
pe3yJLTaTOB, OYEBHJHO, HE MOXET BBIHTH 3a Npefesbl JOTHUECKHX
CBsI3eil MeX1y passHYHbIMH OOBEKTAMHM H MOHATHAMHM YHCTOH Martema-
THKH. B 3TOM cMbIC/Ie YHCTasi MaTeMaTHKa SIBJSIETCA .102UHECKU 3aMK-
Hymoi Oducyunaunoti. Takasg 3aMKHYTOCTb H JOTHYecKas COLJaco-
BAHHOCTb NPHJAIOT YHUCTOH MaTeMaTHKE 3CTETHYECKYIO INPHBJIEKATENb-
HOCTb M JOCTaBJSOT YYBCTBO TIJyOGOKOTO YAOBJETBOPEHHS] BCAKOMY
YMY, BOCIHTAaHHOMY B AYyX€ MaTeMaTHYeCKOH CTPOrOCTH.

Hano, onnako, 3ameTHTh, Y4TO CTPOro 3aMKHyTas cama B cefe Ma-
TEMaTHKa OTOpBaHa OT peasbHOH JAeHCTBHTENBHOCTH U He MOXKET ObITb
HCNO/Ib30BaHA B JPYTHX HayKaX M MPAKTHUECKOH AEATENbHOCTH 4Yeso-
BeKa. YrToObl MareMaTHKa CTaja MOLIHBIM CPeJACTBOM INpH OMHCAHHH H
M3yUeHHH $BJACHHH MPHPOJBl, KaKHM OHA B JAeHCTBHTEIbHOCTH $IB-
JIseTcst, He0OXOAUMO YCTAHOBHTbH CBSI3H,MEXKAY aOCTPAaKTHBIMH MaTeMa-
THYECKHMH OOBEKTaMH M MOHATHAMH — C OAHOH CTOPOHBl — H pealb-
HbIMH OOBEKTaMH U fBJCHHAMH NPHPOALL — C ApYTroid. MaTemaTHuecKne
NOHATHA H OOBEKTHl JAOJ/KHLI MOSIBAATHCA HE KaK YHCTO JOTHYECKHE
KATeropuH, a Kak abCmpakyuu KaKUX-moO peaabHsix O00TEKMos wau
npoyeccos npupodsr. Tak, Touka saBafercss aberpakiiedl PH3HUECKOro
TeJla JOCTaTOYHO MasblX pasMepoB, IpsiMasd JIHHHS — abCTpakuued
JIOCTaTOYHO TOHKOTO TBEPJOIO CTEPXKHSA WM CBeTOBOrO MY4Ka B OJHO-
ponHoii cpene. Borpoc o cipaBefIMBOCTH MaTEMaTHKH CBOJAHTCH K CIpa-
BeI/IUBOCTH ee akcHOM. CIpaBeyInBOCTD JKe CAMHX AHCHOM MOXKET OBbITb
YCTaHOBJIEHA OINBITHLIM H TOJbKO OMLITHBIM MYyTEM.
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[paBaa, OMBIT ¢ MaTeMaTHUYECKHMH OOGBEKTaMH HEJIb3sl OCYLIeCT-
BUTL B YHCTOM BHJE, TMOCKOJBLKY 3TH OODBEKTHl fIBJAAIOTCSA Hjeannsa-
OUAMH U He BCTPEYalTCsl B rnpupoje. BCAKHA ONBIT BbIIOJNHSIETCS
C peanbHbIMH TelaMH. MaTeMaTHUeCKyi0 CTPOrOCTb, KOTOpOH, u He
6e3 ocHOBAaHHI, TaK TOPAATCA MaTeMaTHKH, HaJ0 NOHMMATb B CMBIC/TE
JIOTHYECKOll COIVIACOBAHHOCTH €€ BBIBOJOB, HO He B CMbIc/Ie OOOCHOBa-
HHSI MaTeMaTHYeCKHX aKCHOM.

OnHoft MaTeMaTHUecKOH CTPOTOCTH HEJOCTATOUHO As (H3HKH, Kak
U 145 BCAKOH JpYrofl ONBITHOH HayKH, HMEOUIeH [eJ10 ¢ peaJbHBIMH
06BEKTAMH M SIBJEHHSMH TPHPOIBL. Bcskoe meopemuueckoe uccaedosa-
Hue, 0ase BbINOAHEHHOe MQMEMAMUYeCKy CMmpo20, HUKoe0a He Mmoiem
caumamocs u usudecku cmpoeum. Bo-TiepBbIX, TaKHe HCCJIEN0BaHHS
BCerja OCHOBBIBAIOTCS Ha ONpefe/leHHBIX 3aKOHaX, CIPaBelIHBOCTD
KOTOPBLIX B KOHIE KOHLOB JOKa3bIBA€TCS OMBITHLIM MYyTeM, & OMBITH H
¢H3nYecKHe H3MEPEHHs] HEeH30eXKHO COMPOBOXKAAITCA OLIUOKAMH, T. €.
BLIIOJIHAIOTCS C ONpefeleHHol TouHocThlo. BHe mpenenos 3T1ofi Tou-
HOCTH (DH3HUECKHH 3aKOH MOXeT OKa3aThCsl He BepHbIM. BO-BTOpBIX,
BCSAKHH peasbHBIH (GH3HUeCKUl OOBEKT XapakTepH3yeTcsi OeCKOHed-
HBIM pa3HooGpa3HeM CBOHCTB. YdecTb Bce 3TH CBOHCTBA HEBO3MOXKHO
He TOJAbKO IMOTOMY, YTO GOJBLIMHCTBO H3 HHX HaM IPOCTO HEH3BECTHO,
HO Y TMOTOMY, 4TO 3TO NPAKTHUYECKH He ocylllecTBUMO. [Ipu nocmpoeriuu
meopuu (uU3UKa 3aMeHSem peanbHble 00BeKMbl UX UOCQAUSUPOBAHHbIMU
MOOeAAMU, NPUBAUSUMEALHO NPABUALHO Hepedaiowumu He éce ceolicmsa
pearvHolx 005eKmos, a MOALKO Me U3 HUX, KOMOPbE CYUECITBeHHbL
8 paccmampugaemom Kpyee eonpocos. Kaxue csodcmsa pearvHoix 00%-
EKIMO8 CYLUECIMBERHbL, Q@ KAKUe He Uepaiom 3aMemHoll poiu — HQ 3mom
60NPOC 6 KOHUE KOHUOE MOXCem Omeemums MmoOAbKO ONbim, KOmopomy
NPUHAOAEKHCUm  pewiaiouiee CA080 8 80npoce O NPABUALHOCIU 6CAKOL
¢usuneckoti meopuu u npedeiax ee npumenumocmu. Ecan dusnueckuit
3aKOH NpHMeHeH BHe 06J1aCTH, I/le OH CIpaBe/IuB, 4 HJeaJH3HPOBaH-
Hasg MoJeJlb NPaBUJIBHO MEPEJaeT He BCE CBOHCTBA peabHBIX 00bLeK-
TOB, CYIIECTBEHHBlEe /I PACCMATpHBAeMOr0 Kpyra SIBJeHHi, TO BO3-
HHKAaIoIllHe BC/IEACTBHE 3TOrO TNOPOKH TEOPHH, NTOHATHO, He MOTYT OHITh
HCIDaBJ€Hbl HUKAKOH CTPOTOCTBIO MaTeMaTHUeCKHX pacCyXAeHHH u
pacueTos.

[locennee samMeuaHHe HMeeT U HPAKTHUECKYIO EHHOCTh. KoHeuHo,
moc/ie TOrO Kak HIeaJU3HPOBaHHAst MoOAeTb TOCTpoeHa, He Oyjer
OLIHOKOH IPOHSBOAMTL BCE Ja/bHeHIlHe pacyeTbl MaTeMaTHYeckH ab-
COMIOTHO TOYHO, XOTA OBl TIPH 3TOM H HCIOJNb30BAJHCh (PH3HUECKHE
3aKOHbI, BEPHbE TOJAbKO NpHOIHKeHHO. OjHaKO CIVIOWBL B PSAOM
TdKHEe DAacyeTbl OYE€Hb I'DOMO3JKHM M JaXKe PAKTHUECKH HE OCyllecT-
BHMbl H3-38 HX CJOXHOCTH. Mexay TeM TOYHOCTB YxkKe ofecleHeHa
oHOKaMH (H3HUYECKHX 3aKOHOB H HECOBEpLUEHCTBAMH HJeann3HpPOBaH-
HO# MOJIeJIH, TOJIOKEHHOH B OCHOBY pacueTa. MOXHO H HYKHO TNepeiTH
K NpPHOJMKEHHBIM pacuetraM. TakHe pacueThl CTOJb K€ XOPOLIH, YTO
H «TOUHBIE», €CJH HX OLINOKH He IPeBOCXOMAT OLIHGOK, 00YC/a0BIEHHBIX
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HETOUHOCTBIO TPUMEHSIEMBIX (PH3MUYECKHX 3aKOHOB H HECOBEplLIEHCTBAMH
¥/1€aJTU3HPOBAHHBIX MojieJeli.

MHorne NOHATHS W OTKPHITHSl, KOTOPBIMH IO CIIpaBei/IHBOCTH TakK
TOPAHTCS MaTeMaTHKa, He HMEIOT HHKAKOTro CMBIC/IA, KOrja pedb 3axo-
AMT O NMPUMEHEHHH 3THX MOHATHH K peaJbHbIM oObekraM. Ciofa OTHO-
CHTCSl, HaNpUMep, MOHATHE HPPALHMOHANBHOTO Yucaa. JIHIeHo coaepxka-
HUs yTBEpXKJAeHHe, 4To (H3HUeCKasi BEJIHYHHA HMEET HppaLHOHAJIbHOE
3HayeHue. Takoe YyTBepxJeHHe He MoKeT ObITb mnpoBepeHo. OHHX
TOMBKO PalMOHAJBHBIX YHCEJ JOCTAaTOYHO, YTOObl MPEJACTABHUTL Pe3yJib-
TaThbl W3MEpEHHH, BBINOJHEHHBIX CO CKOJIb YTOZHO BBICOKOH CTEleHbio
TouHocTH. Kpome TOro, MoHsATHE (PH3UYECKOH BETHUHHBI MOXKET yTpa-
THTb CMBICJ, €CJIH K ee H3MEePEHHIO NpeNbsBHTh TPeGoBaHHe HeOolpas-
A4HHO BLICOKOH TOYHOCTH. Tak, HalpHMep, COBCEM He fICHO, O YeM HJeT
peub, ecsIi IMOCTaBUThb 3a]ayy 00 H3MepeHHH ATHHBI TBEPJOro CTEPXKHSI
C TOYHOCTBIO 10 Pa3MepoB 5/1€KTPOHA WM Jaxe atoMa. [IpHHUHNIHANABLHO
HEOTrpaHHYeHHas TOYHOCTh H3MEPEHHs JJIHH UMeeT CMBIC /sl aGCTpaKT-
HBIX NpPSIMOJHHEHHBIX OTpPE3KOB IeOMETpHH, a He LIS peanbHbIX Ted,
HMEIOUIHX ATOMHCTHYECKYIO CTPYKTYpY.

6. Ilepefinem k Bompocy o6 u3MepeHHM gpemeru. Kax u Bcfkas
(du3uYecKas BeJHYHHA, Bpems KOJHYECTBEHHO XapakTepH3yeTcs HeKo-
TOPBIMH YHCJaMH. 3ajaya IPEeKIe BCEro COCTOHT B TOM, 4TOObl BBHISIC-
HHTb, C TIOMOLIbLIO KAaKHX MPHHUHIHAMLHBIX H3MEPHTENBHBIX OTepauni
3TH YHCJa MOTYT OBITh NosyueHbl. Tem caMblM yCTaHaB/IMBAaeTcsl U TOU-
HBIH CMBICJ CaMHX 3THX YHCE.

ITo0 spemerem 8 KOAUYECMBEHHOM CMbicAe 3MO20 cA08a mbl Oylem
NOHUMAMb NOKA3AHUS Kakux-mo 4acos. TouHee, HaAO TOBOPHTL HE O ca-
MOM BpEMEHH, & O MNpPOMEHYMKE 6PeMEHU MEXLY ABYMSI COOBITHSMH
HJIH MOMeHTaMH BpemeHH. OH XapaKTepH3YeTCsl PasHOCHIbI0 TTIOKA3aHHi
YacoB B paccmaTpuBaemble MOMEHTHI BpemeHH. Korza rosopsit mpocto
O BpeMeHH, He YyKaspiBag o00a MOMeHTa, SBJSAOLHecs TpaHHIAMH
paccMaTpHBaeMOro NMpoMeXyTKa BpeMeHH, TO IPeAlNoJaraior, YTo OJHH
U3 3THX MOMEHTOB (HUKCHPOBAH M YCJOBHO NPHHSAT 32 HayajbHBIA.
Ot Hero W BefeTcsi OoTcYeT BpeMeHH. YHachl 3jiech NIOHHMAIOTCS B Gosee
IUHPOKOM CMBICJIE CJIOBa, 4YeM B OObIIeHHOH KH3HH. [T0d wacamu no-
Humarom Aboe meA0 uAu Cucmemy mea, 8 KOmopbix Cosepuiaemcs nepuo-
Quueckuti npoyecc, cayscauiull 0as uameperus epemenu. Tlpumepamu
TaKHX NPOIECCOB MOTYT CJAYXKHTb KoslebaHHe MasiTHHKA C TOCTOSIHHOH
aMITUTY O, BpalleHHe 3eM/IH BOKPYr COOCTBEHHOH OCH OTHOCHTENLHO
CosHila WM 3Be3f, KoJeGaHHS aToMa B KPHCTAJJMUECKOH pelleTke,
KoJ1e6aHHs 3JEKTPOMAaTHUTHOTO I10Jis, NPEACTABJSEMOT0 AOCTATOYHO
Y3KOH crneKkTpasbHOH JuHHHel, U np. Tak, ecin mMexay 1Byms COOBITHSIMH
3emasl IpH BpAlLIeHHH OTHOCHTENBHO 3Be3j cienaja OfHH 06OpOT, TO
TOBOPAT, YTO NIPOMEXKYTOK BPEMEHH MEXAY 3THMH IBYMsI COOBITHSIMH
cocTaBaseT 36eadnbe cymiu. Ecan npu stom oHa cosepiuaa 10 o6o-
POTOB, TO COOTBETCTBYIOIIHH TPOMEXYTOK BpeMeHH Gyper 10 3Be3fHBIX
CyTOK, W T. A. Ecam B Teyenhe 3Be3IHBHIX CYTOK MasiITHHK COBEpPLIUJ
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npubansutensHo 86 164 koneGaHHsA, TO TOBOPST, YTO IEPHOJ OXHOTO
Kose6aHusl COCTaBJsACT OAHY cekyHOy, U T. . OT 3Be3JHBIX CYTOK CJle-
JlyeT OTJIMYATh COAHedHbe cymxy. TaK Ha3plBaeTcs MPOMEXKYTOK BPeMeHH,
B TeUEHHEe KOToporo 3em/1s Jenaer OAHH 06OpOT MpPH BPAIlEHHH BOKPYT
co6cTBeHHOM ocH  oTHOocHTesbHO CoJHua. Beuay Toro, uto 3emas
ABmkeTcsa BOKpYr CoJIHUA He 1O KPYroBoil, a Mo 3JJHITHYeCKOH op-
6ute, 3TO ee JBHKECHHE He COBCeM paBHOMepHO (cM. § 55). 2ro 3Hauwmr,
UTO COJIHEYHBIE CYTKH H30 JHSl B JIeHb HECKOJBbKO H3MEHAITCA B Te-
ueHHe roja. [losToMy IpH H3MepeHHH BpeMeHH MOJb3YIOTCS TaK Hasbl-
BaeMbIMH cpedrumu coaneunbimu cymrxamu. OHH cocTaBafoT 24 yaca =
= 24.60 == 1440 muayr = 1440.60 = 86 400 cexyuz.

K uacam npexbaBasitoT TpeGOBaHUS, UTOO! OHH ILIH «PABHOMEPHOY.
Ho uto 3nauuT, 4ro 4acel uayT paBHOMepHO? ['OBOpAT, 3TO O3HAUAET,
YTO NEePHOAMYECKHH Tporecc, CAyXalluil JJjs OoTcueTa BpPEeMeHH, H0J-
JK€H TIOBTOPATLCSI 4epe3 CTPOrO OAHHAKOBBIE MPOMEXKYTKH BPEMEHH.
OnHaKo 3TO HE eCTb OTBET Ha BONPOC, TaK KaK yOemuTbCcs B OAHHAKO-
BOCTH CJCAYIOIMX APYT 3a JAPYrOM IIPOMEXYTKOB BPEMEHH MOXKHO
TOJBKO B TOM CJydae, KOTAA MBI yKe pacrmoJaraeM DaBHOMEPHO HAy-
INMMH YacaMHd. BBIATH H3 3TOro JIOrHY4ECKOro Kpyra MOXKHO TOJIbKO
IyTeM OMpefe/eHHs, TaK KaK HHUKAKOro anpHOPHOTO MPEACTAaBJEHHS
O paBHOMEDHOM TEYEHHH BPEMEHH He cyllecTByer. Haao yc/loBHThCS
CUHTaTh KaKHe-TO 4achl 10 onpedeseHuio PaBHOMEPHO HAYIHHMH. Takue
4achl JOMKHBI PacCMaTPHBAThHCH. KAK . IMAAOHHbE HIH OCHOBHBHIE YaCHI,
1O KOTOPBIM JIOJI2KHBI TPaiyHpOBaThCHA BCE OCTaJbHBIC.

B npunnune Jgrobble 4acel MOTyT OBITh NPHHATH 338 3TaJOHHBIE.
OnHako Tak NOCTynaTb He Leaeco00pasHo. JTajoHHBIE YAChl AOJKHBI
ObITb [JOCTAaTOYHO «XOPOIINMH» H Tpexae Bcero 06JafaTb 6bICOKOL
60CNPOU3BOOUMOCTbIO. DTO O3HAYaeT, YTO €CJH H3TOTOBHTH C BO3MOXK-
HOH TIIATENBbHOCTHIO MHOTO «OAHHAKOBBIX» 3TAaJOHHBIX 4acoB, TO OHH
¢ 60OMBIIOI TOYHOCTBIO AOJXKHBI HATH OJMHAKOBO, HE3aBHCHMO OT TOTO,
H3TOTOBJICHB! JIH OHH OAHOBPEMEHHO, WJIH MEXAYy MOMEHTaMH HX H3rO-
TOBJIEHHSl TpOIIIO AJAHTeNbHoe BpemA. Hampumep, Mecounble yachl
Jal0T HEeCpaBHEHHO XYJIUYI BOCIPOH3BOAHMOCTb, 4Y€M MAasTHHKOBbBIE
JacHl.

He Taxk paBHO 32 OCHOBHBIE WJIH 3Ta/JOHHbIE Yachl NMPHHHUMAJHCh
«acmporomudeckue acer». Jlonroe Bpemsi OCHOBHBIMH YacaMH CJ1YyiKHJAA
3em/1, Bpalatolascs BOKPYr COOGCTBEHHOH OCH OTHOCHTEIBHO 3BE3J,
a OCHOBHOH eIMHHIEH BpeMeHH -— cymku. HeiaBHO BMECTO OCCBOTO
BpalleHHust 3eM/H CTaJHu MO0Jb30BaThCsi ee OpOUTAbHBIM JABHXKEHHEM
Bokpyr Co/aHua, NMpHHAMAs 32 OCHOBHYIO €IHHHIY BpDEMEHH mponi-
yeckutl 200, T. €. TIPOMEXKYTOK BPEMEHH MEXAy ABYMS IIOC/I€10BaTe/b-
HBIMH TIPOXOxAeHHSAMH LeHTpa CoJIHLA Yepe3 /mouKy 6eCenHee0 pasHo-
Oercmous. 11pH H3MepeHHH BpEeMEHH TaKHM NyTeM JOCTHrajlach Jyd-
ast BOCIpou3BopuMocTb. Ho eme Jsiyumast Bocnpou3BOAUMOCTD Oblia
JIOCTHTHYTa moOC/A€ H300PeTEHHUS KBapIesbiX, MOAEKYAAPHLIX H ammoM-
HbIX 40C06.
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Bce 3T yackl npencTaBisiOT OBOJIBHO C/IOKHBIE paIHOTEXHHUECKHE
ycrpolicTBa. 31ech HeT HeoOXOJMMOCTH OCTAHAB/IMBATHCH HA MPHHUH-
nax AeACTBUA M JleralfiX yCTpPoHCTBAa TakHX yacoB. JlocTaTouyHo 3ame-
TUTb, YTO POJIb MAasiTHHKa HAW 6ajaHCHpa, peryJHpYIOHX XOJi YacoB,
BBIMOJTHAIOT B KBApLEBbLIX Yacax Ko/aeOaHHs KPUCTANJIHYECKOH pelleTKH
KBapla, B MOJEKYJAsPHBIX YacaX — KoJjeOaHHs aTOMOB B MoOJeKyJax,
B aTOMHBIX uacax — KoJeOdHHs 3JEeKTPOMarHUTHOro MoJs B Y3KHX
CIIEKTPaJIbHLIX JHUHHAX aTOMOB HEKOTOPHIX H30TOINOB XMMHUECKHX 3Jie-
MEHTOB, HaXOJSIIHUXCS B TOYHO ONpeLeJeHHBbIX H CTPOTO KOHTPOJHpye-
MbIX BHELIHHX ycJIOBHAX. OcoGol cTabHABHOCTBIO 06/1aJa10T OC/IeNHHE
M3 OTMeueHHbIX kKoseGaHui. [ToaToMy mepHos UMeHHO TaKuX KoseGaHHH
B HacToOsllllee BpeMsi U TPUHUMAaeTcs B KaueCcTBe OCHOBHOH eIHHHIIBI
BpeMeHH, C IIOMOIIBI0 KOTOPOH BOCIPOM3BOAUTCS ceKyHpaa. KoHkpeTHo,
ceKkyHOa — 3TO MIPOMEXKYTOK BPEMEHH, B TeYeHHe KOTOPOro COBEPLIAETCA
9 192 631 770 KoneGaHHH 3MEKTPOMAHHTHOTO H3JyYeHHS, COOTBET-
CTBYIOUIETO MepeXOoAy MeXAy J[ABYMs ONpele/leHHbIMH CBEpXTOHKHMH
YPOBHSIMH OCHOBHOTO COCTOSIHHSI atoMa 1e3ns-133 B oTcyTcTBHE BHeIl-
HUX MOJeH.

C moMmolIbio KBapUEBBIX, MOJEKYJAAPHBIX M aTOMHBIX YacoB ObLIO
NOKa3aHo, 4To 3eMJa BOKpYr CBOell OCH Bpalaerc <«HepaBHO-
MEepHO». .

7. C exuHuued AJHHBI &0 OOCTOMT TaK Ke, Kak C eJuHUUeH Bpe-
MeHH. MaeanbHO TBepAbIX Tel He cyuectByer. IlepBonauanbubifi aTta-
JIOH MeTpa, pea/ii30BaHHBIA B BHJE CTEPXKHs M3 CI/aBa ILIAaTHHBI H
HPHJHSA, HENOCTaTOYHO HajexeH. OH NoJBepkKeH BHELIHUM BJHAHHSM,
€ro BHYTpeHHee MOJIEKYJsipPHOE CTpOeHHe MOXeT H3MeHUThes. Hakonery,
OH MOXeT GhiITb yTepsiH WM ucropueH. [lpeanoutnrenbiee B KauecTpe
OCHOBHOH eIHHHIBI B3ATh KaKyl0-THOO €CTeCTBEHHYIO, TOUHO BOCIPOM3-
BOAUMYIO JUIMHY. 3a TakKOBYIO NPHHHUMAETCH JJIMHA CBETOBOHl BOJIHBI
ompejeleHHOH Y3KOH CIEeKTPaJbHOH JIHHKH, IOoJydaeMol HpH ompeje-
JIEHHBIX, CTPOTO KOHTPOJHpPYEeMbIX BHEIUHHX ycaoBusiX. C MOMONIBIO
TAKOH €CTeCTBEHHOH JJIHHBI M BOCIIPOM3BOAKTCS NpPakTHYECKAs elUHHUA
annHel — merp. [lo onpenenenuio memp — 3to fauna 1 650 763,73
CBETOBLIX BOJIH B BaKyyM€ OpAHKEBOH JHHHMH aToMa KpPHITOHA-86,
TOUHee, JHHUH, COOTBETCTBYIOLLEH IIepexoiy MeXIy YPOBHAMHU 2py,
H 5 d; yKasaHHOTO aroMa.

Bo3MOXHO, YTO COBpeMEHHbIE 3TajJlOHBl BPEMEHH W JJIMHBI [epe-
CTAHYT YAOBJETBOPATh Go0/ee KECTKHM Tpe0OBaHHAM, KOTOpbie OyayT
PeNbSABAATECS B OYAylUleM K TOYHOCTH M3MEPEHHMH W BOCIHPOH3BOIH-
MOCTH pe3yJbraToB. B TakoM cijydae crapele 3TajJoHE GyAyT 3ame-
HEHEl HOBEIMH, Gojee CTaGHIbHbIMH. [IpHHUMNHANBLHO 3TO HUUYETO He
MeHSfeT.

8. /lns omucaHUA [BMKEHHsl, a TakKxke JIOObIX (DH3UUECKHX siBJIe-
HHMH, NpPOTEKaIMX BO BPEMEHH, MPOCTPAHCTBEHHBIX CHCTEM OTCUETa
HejocTaToyHo. Hano NpeBpaTHTb HX B npOCMPAHCIMBEHHO-8PEMEHHbIE
cucTeMbl oTcyera. ITpHHUHMNIMAIBLHO 3TO O3HAUYaeT, YTO B CHCTEME OTCUeTa
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JOJIKHBl ObITb JOCTaTOYHO YacTO paccTaB/eHbl HEMOJBHXKHLIE Yachl,
obnajammue OfHHAKOBOH cKopocThio Xofa. Torja kaxuoe coGbiTHe
MOKHO XapaKTepHu30BaTb MeCTOM, TA€ OHO NpPOH30ILI0, H BPeMeHeM,
KOrla OHO IIPOH3OIIO, T. €. NMOKa3aHHAMH 4acoB, NMOMEIIEHHBIX B 3TOM
mecte. OfHaKO TaKUM TyTeM OYjeT ONpefeseH0 TOJNBKO MECHIHOE GPEMS,
T. €. BpeMsi B KaxK1oH TouKe npocrpanctsa. [lokasanus yacoB, Haxo-
JSIUXCSA B PA3JHYHLIX TOYKaX MPOCTPAHCTBA, €llle HHKAK He CBS3aHbI
Mexay coboil. [lnsi omucaHusi (hH3MYECKHUX IIPOIECCOB TaKasl CBA3b,
B MpHHLHUNe, He oOsi3aTeJbHa. MoxHO ObLIO Obl JOBOJILCTBOBATHCS
MeCTHBLIM BpeMeHeM B KaKJoH TOuke MPOCTPAHCTBA, BBEAS CTOJBLKO
pa3/MYHBIX BpeMeH, CKOJIbKO CYLIECTBYET pasjH4HbIX Touek. OnHAKO
Takoe onucaHue OblJIo Obl KpaliHe 3amyTaHHLEIM H a6COJIOTHO He 0003-
puMbIM. YtoGR onucaHHe ObLIO MPOCTHIM H O603PHMEBIM, HEOGXOAHMO
TI0J1b30BATLCST BpeMeHeM, eQuHeim 04 eceli NpocmpaHCmeeHHO-8peMer -
Hotl cucmemer otcuera. sst 3Tof 1€ HANO «CUHXPOHL306QMbY YaCH,
paccTaBjeHHble B pa3/UYHBIX MecTax IIPOCTPAHCTBA, T. €. YCTAHOBHUTh
X TaK, uToObl OHH TOKa3blBajlH «OJHHAKOBOE» BpeEMS.

Ha nepBrifi B3r/siA B BONpoce O CHHXPOHH3ALHM IPOCTPAHCTBEHHO
pasjieJieHHBIX 4acoB HeT HHKakuX TpyaHocredl. Ilomectum, Hampumep,
JBOE -OJHHAKOBHX YacOB CHayaja B TOYKy A, 1moctaBuM HX CTPEJSKH
OJMHAKOBO, a 3aTeM OJHH H3 yacoB nepeHeceM B Touky B. Torja yachl
B A u yackl B B OYAYT CHHXPOHH30BaHbI MeK1Yy coboit. OJHaKo Tako#
CIoco6 CHHXPOHH3AILHUH TOJAbKO TOrja HMeJ Obl CMBICJ, KOrja IOKa-
3aHHA YacoB B TOYKe B He 3aBHCHJH OT cnocofa nepeHoca HX H3 TOUKH
A B Touky B. EcTb TeoperHueckue U ONbITHble OCHOBAHHSI yTBEPKAATh,
4yto 370 He Tak. I[loaTomMy crmoco6 CHHXPOHH3ALHH TyTEM NepeHoca
YacoB He TrojpuTcs.

Ocraercsi CuHXPOHU3AYUA 4aC08 C NOMOWbIO cueHar08. MoxkHO,
HanpuMep, NMOCTYNHTL CAeRyIOHM obpa3oM. B NpousBosbHLIN MOMEHT
BpeMeHH 4 1o yacaM A mocaaTh KaKoH-To cHrHaa K yacam B. B momeHT
IpUXOJa CHTHajda dYachl B noctaBuTh Tak, 4YTOOBI OHH IIOKasblBajH
BpeMsi g = {4 -+ Tap, TAE Tap — BpeMs], 3aTpauynBaemMoe CHTHAJIOM
Ha npoxoxaenue paccrosiusi or A k B. Torga wacet A u B 6yayr
CHHXPOHH30BaHbl MeXAy co0ofi. OfHAKO AJisl OCYIeCTBJEHHS TakoH
CHUHXPOHH3aI[HY HaJ0 3HaTb BpeMs Tsp. HO 3TO BpeMmsi MOXKHO H3Me-
DHTb TOJbKO TOCJE TOro, Kak 4achl A H B yXe CHHXPOHH30BaHBL.
[Toayunscsi 3akosoBaHHBIA Kpyr. DHHIUTEHH yKasaj, 4YTO BBIHTH H3
3TOrO KPyra MOXKHO /M04bKO nymem onpedeserus IOHSITHST OLHOBDeMeH-
Hoctd. [lopensituBhHcTckasi (PM3MKa CYUHMTada, YTO ONHOBPEMEHHOCTb
COOBITUH aBGCOJIOTHA U SIBJSIETCS] YEM-TO CaMO €000l NMOHSTHBIM. JfiH-
wTellH yKasaJ, 4to 370 3abayxjaeHne. CMblC/I OJHOBpeMEHHOCTH COOBI-
THH He TpeGyeT pa3bsiCHEHHA TOJBKO TOLAa, KOTAa 3TH COOBITHSI MpO-
HCXOIST B OJHOM M TOM e MecTe npocTpaHcTBa. Ecan :xe coObITHS
TPOUCXOAAT B Pa3jH4YHEIX MeCTax NPOCTPAHCTBA, TO HANO YC/JIOBHTHCH,
KakHe COoObITHSl Has3blBaTb OAHOBpeMeHHbIMH. OueBuaHo, Bompoc 00
OZHOBPEMEHHOCTH IPOCTPAHCTBEHHO pa3feNeHHbIX cOOBITHH 39KBHBA-
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JIEHTEH BOMPOCY O CHHXPOHH3AIHH IMPOCTPAHCTBEHHO Da3fe/eHHBIX
4acos.

Pemienyie BCSIKOro BOMpOCa, CBOASILIErocs K OINPEASTICHHIO, COACp-
JKHT HEKOTOPHIH NMPOHM3BOJ. 3TO MOJHOCTBIO OTHOCHTCA M K BOIpOCY
06 orpejeleHHH OJHOBPEMEHHOCTH IPOCTPAHCTBEHHO pasjie/eHHBIX CO-
ObITHH. OOBEKTHBHOE COAEpKaHHe 3aKOHOB NMPHPOALI, pasyMmeercs, He
MOXKeT 3aBHCETb HH OT KaKHX MPOH3BOMHHBIX onpeneieHufi. Onpene-
JIEHHSI MOTYT BJHATbL TOJABKO Ha ¢opmy 3akoHOB. Hajo cTpemuTbCA
BBOJAUTL TaKUE onpejeseHusi, utobpl opma 3aKoHOB Oblia Haubosee
NpocTa U Jerko o6o3puma. Jro TpeboBaHHe NMOYTH OJHO3HAYHO BHIHYK-
JaeT MpPHHSTb OIpejeseHde OJHOBPEMEHHOCTH, npeﬂnomeﬂﬂoe iin-
LITEHHOM B TEOPUH OTHOCHTEILHOCTH.

DAHIUTENH NOMb3yeTcs JJIsi CHHXPOHH3AIMH YACOB CBETOBBIMH CHT-
HalaMH B BaKyyme. Bpewms, sarpaudBaemMoe CHTHA/lIOM Ha NyTH oT A
K B u o6paTHO, 0YeBHIHO, PaBHO T = Tgp - Tga, TAE Tgg — BpeMs,
KOTOpOE OH 3aTpauMBaeT Ha mpoxoxjieHue or B k A. Jlns u3MepeHus
BpemeHH T JIOCTATOUHBl TOJBKO OJHH yackl A, H HHKAKOH NpelBapHTe/b-
HOH CHHXpOHH3aUUM He Tpebyercsi. o BpemMeHa Tap M Tps MOXKHO
H3MEPHTh JHIIbL MOCHe TOTO, Kak yackl A ¥ B cuHXpoHu3zoBaHbl. [loka
OHH ellle He CHHXPOHH30BAHBI, MOXHO NOTPe6OBaTb, YTOOLI MeXAy
Tag H Tgq COOJIONAJOCH KAKOE-TO COOTHOLUeHHe. Torjia U3 3TOro COOT-
HOIHEHUS H COOTHOILEHUWS T = Tap | Tpa HAUAYTCH BpeMeHa Tap U Tga
B o1AeibHOCTH. TeM cambim yackl A ¥ B 6y1yT CHHXPOHH30BaHBI H yCTa-
HOBJIEHO [IOHSITHE OJHOBPEMEHHOCTH IPOCTPAHCTBEHHO PpasjeJeHHBIX
COORITHIT. JdHwmelin nosgeaem NHo  ONPEOEACHUIO, HMO Tap = Tgg,
m. e. umo ceem 6 Hanpasrenuax om A k B uom B k A pacnpocmpansemes
¢ 00HOt u motl se ckopocmero. Torna tap = Tz = /2, W CaenoBa-
TeNBHO, I = I4 + ©/2. lns GeckoHeuno ObICTpPbIX cHruanoB T = 0,
a noromy #y = fz. ONHOBpEeMEHHOCTb, yCTaHABJHBaeMas C IOMOILLIO
TAKUX CHIHAAO0B, Oblia Obl a6comoTHOH. OfHAKO GECKOHEeYHO OLICTPBIX
CHTHAJIOB He CYIIECTBYET.

CHHXpOHH3aIMsl 4acoB N0 JDWHIUTEHHY He TpefyeT NpeiBapHTE/b-
HOTO M3MEepeHHs] CKOPOCTH cBeTa. e MOMKHO OCYLIECTBHTHL TaKiKe cie-
ayouiuM crnocobom. [lyete C — Touka, Haxoadulasicsi Ha cepeidHe
OTpe3Ka Mexay Toukamd A W B (HEenojiBHIKHLIMH JPYI OTHOCHTEIBHO
apyra). IlpousseneM B C cBeroByio Benbiliky. /1o onpedenenuro cBetr
OT Hee JlocTHTHET ToueK A H B oaHoBpemeHHo. Ec/lH B MOMEHT NIPHX0/a
cBeTa K yacaM A W B HX MoKasaHHs cjleiaTh OJHHAKOBBIMHM, TO OHH
O6yLyT CHHXPOHH30BAHBEI MeXAy COGOM.

Bcesikoe onpefesneHue JOMKHO ObITb HeNpOTHBOpeYHBbIM. Ecau
CHHXPOHH30BaTh MeXk1y coboii yacki A u B, T0 ¢ TperbuMH yacamu C
MOKHO TOCTYMHTL ABOSIKO: JIMGO CHHX POHH30BaTh HX € yacamu A, nubo
¢ yacamu B. O6a cnocoba J0JKHBI MPUBOAUTL K OJHOMY H TOMY XKe
pesyabraTy. MHaye mosyumujoch Gbl BHyTpeHHee nportuBopeude. [Ips-
MOH NpOBEPKH TAaKOr0 pojia HENPOTHBOPEUHBOCTH HE IPOH3BOJHJIOCD.
-Hawa yBepeHHOCTp B HENpPOTHBOPEYHBOCTH 3SHHLITEHHOBCKOTO OINpe-
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JleJieHusT OZHOBPEMEHHOCTH OCHOBAHa Ha JIOTHYeCKOH COrJ1acOBaHHOCTH
GeCcunC/AeHHOTO MHOMECTBA CJAEACTBUH, TPH BbLIBOAE KOTOPBIX HCIOJb-
30BAJ0OCh 3TO OllpejeseHue. )

9. O0HOBpeMEHHOCHb RPOCMPAHCMEEHHO PA30eAHHbLX CODbIMULL 8 MOM
cmbicae, Kakod npudaemces el onpedeaeruem Jdnwmerinag, OmHOCUMeAbHA.
JT0 3HAYMT, YTO JBa COGBITHS, OJHOBpEMEHHBle B OJHOH cHcTeMe OT-
CueTa, MOI'YT OKa3aThCsl He OJHOBPEMEHHBIMH, eCJH HX PaccMaTpHBAaTh
B JPYroil cucTeMe oTcyera, ABHXKylleHcs OTHOCHTeNbHO TNepBod. Ilo-
SICHHUM 3TO cJenyionim npumepoM. Ilycre cucrema orcuera S cBasaua ¢
TBepAbIM cTepxHeM AB, a cucremMa S’ —c TBepapIM cTepxHeM A’'B’, 1Bu-
AKyumcs oTHocutenbHo AB (puc. 4). B MoMeHT, Koria cepeiMHbl CTepXK-
et C u C’ coBnagawoT Mexay cobofl, MIPOU3BOAUTCA CBETOBAA BCIIBILI-
Ka B TO4Ke, TJie IIPOMCXOMUT 3TO COBNajeHHe. PaccmoTpuM pacnpoctpa-
HeHHe CBETa OT 3TOM BCHBIIIKH CHayasa B cHcreMe orcuera S. M3 onpe-
Jle7leHHsi ONHOBPEMEHHOCTH CJelyerT,

YTO CHTHAJ/ JOCTHTHET OJIHOBDEMEHHO ; r
Al 0o |8

KoHIoB cTepxkHsg A u B. 3uaumr,

OH JOCTHTHeT paHbllle TOYKH A’ u

nosxe Touku B’, nockonbky rouka A’ 4 [ e I8
JBUXKETCS HaBCTpeuy CHPHaJdy, a

touka B’ yxomur or Hero. Hrax,

¢ TOUKH 3PEeHHs CHCTeMbl orcyera S Puc. 4.

CBETOBOH CHTHAJ IPHXOAHT B TOUKH

A u B onHoBpeMeHHO, a B ToukH A’ u B’ — He OlHOBpEMEHHO:

B Touky A’ oH npuXoauT paHblue, YeM B B’. K Apyromy 3ak/ioueHHIo
Mbl NIpHJEM, €CJHM pacCMOTpPHUM fBJeHHe B cucTeme oredera S’. Tlo
olpefeNeHH0 OfHOBpPeMeHHbIMH OYAyT INpPHXOXbl CHrHA/la B TOYKH
A’ n B’, a npuXoAbl B ToUuKH A 1 B — He OAHOBPEMEHHBIMH: B TOUKY B
CUCHaJ TIIpHAeT paHblie, ueM B Touky A. IlporuBopeuns mexny
Oo6OMMH 3aKJIOUEHHAMH HeT, NOCKOJBKY «OJHOBDEMEHHOCTL» IIOHH-
Maercsi B HHX B PasHBX CMbICIaX. IJTOT NpUMEp H HJIIOCTPHPYET
OTHOCUTEbHOCTb OJHOBPEMEHHOCTH.

10. [auna mesa maxxce OMHOCUMEAbHA, M. €. 3ABUCUML OM MMOZ0,
@ Kaxol cucmeme omcdema oxa usmepsemcs. Uto Takoe LJIHHA JBHKY-
LIerocsl CTEpPXKHS ~— TAKOH BOINPOC JOpedATUBUCTCKAsA (U3vKa He cra-
Bu/a. TeopHsl OTHOCHTENBLHOCTH I10Ka3anaa, YTo HAJ0 CTPOTO Pas3iuyuaTh
OAUHY NOKOAWE20CA CMEepiHA Ly, T. €. LJHHY, H3MEPEHHYIO B CHCTEME
OTCUeTa, B KOTOPOH CTEP)KeHb MOKOHMTCH, U OAuUHY OsuMCyueeocs cmep-
M [, T. €. JJHMHY, U3MEPEHHYIO B CHCTEME OTCYeTa, OTHOCHTEJLHO
KOTODOH OH JBHXKeTCA. STH AIHHBI CTAHOBATCH PABHBIMH TOJBKO B Tpe-
JIeJbHOM cjyuae OeCKOHEUHO MeJICHHBIX [BH:xeHu#. Beanunna [,
1I071y4aercsd MyTeM OTK/IaJBBaHHA BJOAb CTEPXKHS EIUHHUYHOrO Mac-
1Taba, MOKOALIEI'OCH OTHOCUTEILHO 3TOrO crepxkiif. Benuunna [ cpo-
IUTCA K U3MEDEHUIO PACCTOAHUSA MEXKIY HEMOABHKHBIMIL TOYKAMH TTyTeM
crenyloniell M3meputespHoil onepauun. Hano ormetuts Kakumu-au6o
HenoABHMHBIMH TOuKaMi A M B no/oxenuss KOHLOB ABHKYILErocs
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CTEpXKHSl B PacCMaTpPHBaeMOH CHCTEMe OTCUeTa B OJHH H TOT XK€ MOMEHT
BpeMeHH. PaccTogHHeM MeXAy 3STHMH HEMOJABHXKHBIMH TOYKaMH H
OyJeT, IO ompele/eHHIo, AIMHA ABHXKYIErocs crepxus /. Ecan B3AThH
JPYTYIO CHCTEMY OTCU€Td, TO, BBHJAY OTHOCHTEJBLHOCTH OJHOBPEMEH-
HOCTH, KOHIIBI CTE€PXKHA HNPOHAYT B 3TOH CHCTEME OTCUETA MHMO TOYEK
A u B, BooGuie roBopsi, He ofHoBpemenHo. Posb A u B Gyayt urparb
apyrue Toukd A’ u B’, HemoABuXKHBIE B HOBOH cHcTeMe orcdera. Pac-
CTOSTHHE MeXJY 3TUMH ToukaMu /', Boofile ropops, He GyleT coBOajath
¢ [. TakuMm o0pasoM, KaK U RpOMeNymxu Spemeru, OAUHbL OMpe3Kos
MaKoe OMHOCUMENbHL.

11. HopensTuBucrckas U3HKa cuuTala JIHHBL TEl H ITPOMEXYTKH
BpeMeHH abCoMOTHBIMH. C €€ TOUKH 3PEeHHs MOXXHO ObLIO FOBOPHTH 00
O/IHOBPEMEHHOCTH COOBITHH, He yKasblBas, B KaKOH CHCTEME OTcuera
3TH COOBITHS pacCcMaTpHBaIOTCA. MoxHO OLUIO FOBOPHUTDH O JJIHHE Tesa,
He yKas3blBasi, IOKOHUTCS OHO HJIH JBHKETCH B PACCMAaTpPHBAEMOH CHCTEME
orcuera. OcHOBaHHeM, NpaBia, ABHO He (QOPMYJHpPOBABLUIMMCSH, /IS
TaKOH TOYKH 3peHHs ObLIO yOexKaeHHE B CYLWIECTBOBAHHH CKOJbL YTOLHO
OLICTPHIX curxanoB. Ho npH paccMOTpEHHH MEAIEHHBIX IBHXKEHHH CKo-
POCTL CBETOBBIX CHTHAJIOB B BaKyyMe€ MOXKET CUHTATLCS MPAKTHUECKH
GeckoHeuHO Gosbloii. B 3TOM NpHOMHKEHHH HCUe3alT BCE DPEIATH-
BUCTCKHE 3(beKThl. MBI IpHUBefeM B Ja/ibHEHIIEM HEKOTOPLIE PE3YALTATHI
PEIATHBHCTCKOH MEXaHHMKH BBHAY HMX BayKHOCTH B silepHOH ¢H3HKe
1 (U3UKe 3/7eMeHTapHbIX YacTHI. OAHAKO CHCTEMATHUYECKOEe H3JI0OXKEHHE
PEISTHBUCTCKOH MeXaHHKH OyjeT JaHo IIocje TOro, Kak Mbl IO3HAa-
KOMUMCS1 C ydeHHeM 00 3/eKTPHUeCKHX H ONTHUYECKHX siBJeHUsX. Tam
e OynyT nojapo6Ho pasoOpaHbl ¢ KOJHYECTBEHHOH CTOPOHLI U BOMPOCHI
NPOCTPAHCTBA U BpEMEHH, KOTOpble 37echb ObLIH TOJBLKO IOCTABJIEHBI
WIH 3aTPOHYTHl KaueCTBEHHO.

§ 2. KunemaTH4eckoe ONHCaHHe ABHXeHHUS.
MarepuanbHasi Touka

1. Kunemamuxa 3aHHMaeTCsd ONHCAHHEM [BHKEeHHS, OTBJEKasCh
OT ero Npu4HH. J{/151 onHCcaHus ABHKEHHS MOXHO BLIGHPATh pas/dyHbIE
CHCTEMBl OTCUeTa. B pasjinyHbIX CHCTeMaX OTCUeTa ABHXKEHHe OJHOro
H TOTO e TeJa BBINIAAUT Mo-pa3HOMy. B KHHemaTHKe NpH BHOOpe
CHCTEMbl OTCUETa PYKOBOJACTBYIOTCA JHIIb COOODa’KEHHSIMH I[eJ1eco00-
PasHOCTH, ONpENeNAIONHMHCA KOHKPETHBIMH YCJAOBHAMH. Tak, IpH
PacCMOTPEHHH JBHXKEHHA Tesq Ha 3emJ/e eCTeCTBEHHO CBS3aThb CHCTEMY
orcyera ¢ 3emsedl, uto Mbl H Oyjem fenatb. [Ipu pacemoTpenuu aBHike-
HHUSl caMOH 3eMJsld CUCTeMy oTcuera yjoOHee cBA3biBaTh ¢ CosHueM
u T. 0. HuKakux NPHHUUIHAJLHLIX IPEUMYIIECTB OJHOH CHCTEMBbI
OTCUETA IO CPABHEHHIO C Jpyrofl B KHHeMaTHKe YKas3aTb HeJb3s.
Bce cuctembl oTcueTa KutHemamuuecku 3K8UsAAHINHbL. TONBLKO B OUHA-
MuKe, U3ydawlllell IBUKEHHE B CBSI3H C CHJIaMH, AeHCTBYIOIIAMH Ha JBH-
XKYIUHECH TeNa, BLIABJAAIOTCS IPUHIKIHAIBLHbIE IPEHMYILECTBA ONpese-



