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CyTb oM3MYECKOro «MPOCTPaAHCTBA» U «ABWXKEHUS» MaTepPUN B HEM
A K. IOxumerr, E-mail: Anatoly.Yuhimec@Gmail.com

Jlannass pabota sBiseTCs TMepepaboOTKOW ©  pa3BUTHEM PaOOTHI
«Du3nveckoe MPOCTPAHCTBO U IBWKCHUE MaTepuu B HEM» [1]. Ctumysiom
K 3TOMY MOCTYXHJIO O3HaKomJiecHHe ¢ padotamu npod. A.dD. [TorexuHa,
pasmeméuapiMu B Mutepuere (http://potjekhin.narod.ru/). Pa3smeblmuieHus
HaJl HUMHU T0/ICKa3aJid aBTOPY, Ha YTO CJIeyeT 0c000 oOpaIiath BHUMAHHUE

YUTaTENIed NPHU PACCMOTPEHUHM ITAHHOIO BOIIPOCA, a TAKXKE W JPYTHUX
INPUHLIHANKAIBHBIX MOMEHTOB IIPU PACCMOTPEHUHM BOIIPOCOB TEOPUU
OTHOCHUTEJIILHOCTH.

[ToHsiTHE «MPOCTPAHCTBO» SIBISIETCS OJHUM U3 Hauboliee EMKHX U
HEOJHO3HAuHbIX. [lo3TOMYy, dYTOOBI Kak-TO KOHKPETHU3HPOBATh HaIle
MBIIUIEHUE, YYEHBIE U MPHUIUIM K BBIBOAY, UTO CIEAYET pa3auyaTb TpPH
BUJIa TIPOCTPAHCTB: peanvHoe, KOHYenmyaivHvle U nepyenmyanivhoe (CM.,
Hanpumep, B.K. I[lorémkun, A.JI. CumanoB. IIpocTpaHCTBO B CTPYKType
mupa. HoBocubupck, «Hayka», 1990r.).

PeanbHOE MUPOBOE MPOCTPAHCTBO — 3TO TO, B KOTOPOM CYLIECTBYET
BECh pealbHbIN husuueckuii (MatepuaabHbiil) Mup. OHO €IMHO IS BCErO
cymero. IlepuentyainbHoe — 3TO TO, YTO CBSI3aHO C HAIMMU OLIYLIEHUSMHU
MPOCTPAHCTBA. A BOT KOHIIENTYaJbHBIX MPOCTPAHCTB MOXKET ObITH MHOTO.
Hanpumep, ¢ npssMOil MBI MOXEM CBSI3aTh OJHOMEPHOE IMPSMOJUHEUHOE
IPOCTPAHCTBO, € JINCTOM OyMaru — IIOCKOE€ JIBYXMEPHOE MPOCTPAHCTBO, C
MOBEPXHOCTHIO IIapa — JBYXMEPHOE HCKPHUBJIEHHOE MPOCTPAHCTBO, C
00BEMOM TOTO K€ I1apa — TPEXMEPHOE CPEepUUECKOe MPOCTPAHCTBO, U T.1.
KoHuenryanbaple — 3TO Kak Obl JOTOBOpPHBIE, a0OCTpaKTHBIE, T.€. B
ONpPENENEHHON MEpE Y Cl06Hble, IPOCTPAHCTBA.

Ve B pabore [2] OBLIO MMOKa3aHO, YTO peajgbHOE IMPOCTPAHCTBO
SBIISICTCS hu3uveckum, Tak Kak 3T0 00bEM CaMOTO MamepuaibHozo, T.e.
@usuueckoeo mupa. 910 00BEM caMoOro «rena» marepun (€€ macchl).
dusznyeckoe TEI0 UMEET ceomempuyeckuti 06vém. VI OH SIBISETCS €ro
2eomMempuyeckum TPOCTPAHCTBOM. Matepusi He 3anoiHaem CBOU 00BEM,
OHA MPOCTO €20 umeem, Kak HEKOTOpas CHIAOWHAA Qu3uueckas cpeoaq.
Emé P. Jlexapt cumtanm TpEéXMEpHYH MNPOTIKEHHOCTh (0OBEMHOCTH)
OCHOBHBIM CBOMCTBOM MAaT€pPHUU U PEATHLHOTO MPOCTPAHCTBA.

Hampumep, MOXKHO B3SITh aKBapuUyM U 3aOJHUTH €ro 00bEM Boioi. Ho
MOXHO B35ITh KyO Jibjla U €ro 00bEM OyAeT MpUHAJJIEKATh MPOCTO ITOMY
apny. Camo meno avoa SBISIETCS €ro puzuueckum (MOXKHO CKa3aTh

OUHAMUYeCcKUM) TIPOCTPAHCTBOM MJISi BCEX NPOUCXOMSANIMX BHYTPU €TrO
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MOJICKYJISIPHBIX (pU3UUYECKUX (T.e. JMHAMUYECKHX) MABIKEHUH. A cam
2eomempuyeckuii 00vém Ibaa MOXKHO Ha3BaTh €ro ceomempuyeckum (T.e.
KUHeMamuyeckum) TpocTpancTBoM. U iro0asi, CKOJIb YrOJHO Majasi 4acTh
Jblla BHYTpU KyOa, Takke OymeT MMeThb M CBOE TeoMeTpuueckoe (T.e.
KMHEMaTU4eCKOe) TMPOCTPAHCTBO, M OHO OyAeT OXBaThiBaThb €ro
coOcTBeHHOE (pu3nyeckoe (T.e. IMHAMHYECKOE) MPOCTPAHCTBO, TaK Kak JIE
MaTepHuaeH.

Tak kak Marepusi CyWIECTBYET 6cCsA Cpa3y, T.€. HE HMCUE3aeT U He
POXKIAETC U3 HUYEro, TO U BCE €€ peaJlbHOE MHPOBOE IPOCTPAHCTBO
CIIEyET CUYUTaThb KOHEYHbIM U 3aMKHymuiM. B TpOTHBHOM cilydae
TOBOPHUTHh O 3aKOHE coXpaHeHusa mamepuu 1pocto OeccmbicieHHO. Ho
ATOT 3aKOH JIEKUT B OCHOBE BCEX JPYruxX (PU3NYECKUX 3aKOHOB
COXpaHEHMs, HAa KOTOpBIE OMMUPAETCA BCE HAIllE HAyYHOE IO3HAHUE H
NOHUMaHue (PU3NIECKOTO MUpA.

Korma mnpocTpaHCTBO CcUWTaIM nycmomot, TO W CUYATAIA €ro
beckoneunviM emecmunuwem O meia. 1'OBOpUTH k€ O OECKOHEUHOCTH
@uzuueckoeo (MaTepruagbHOI0) MPOCTPAHCTBA MPOCTO OECCMBICIEHHO, TaK
KAaK CaMO MOHSTUE OeCcKOHeYyHOCmu, KaK W TOHSATUE IyCTOTHI, SBIISIOTCS
yucmeuwetl abcmpaxyueti. Mbl He MOXEM MIPUBECTU HU €AMHOTO TPUMeEpa
aKTyaJbHOU (T.e. peasibHOM) OECKOHEYHOCTH WJIM IYCTOTBl. JTO JIHIIb
IUIOJBI  HAIIETO  BOOOpaXEHWs, pe3yJbTaT udeaiu3ayuu  HAIIETO
abcTparupoBaHus OT HaOJIIOAaeMOM JEHCTBUTEIHLHOCTH.

Takum oOpa3om, peajibHOe GuU3HYecKOe MPOCTPAHCTBO U €CTh caMa
Mmartepusi, e€¢ pusznueckas cniowrHas (HepepbIBHAS WM KOHTUHYyaJIbHas)
cpena. Jrta cpelia UMEeT 0O0bEM KaK CBOE 2eomempuieckoe POCTPAHCTBO.
dusnyeckne Tela HE TMPUBHECEHBI B 3Ty Cpeay, Kak PBHIOKH B BOIY
aKBapuyMa, a SIBIISIFOTCS HEKOTOPBIMH CHMIPYKMYPHbIMU Gopmamu eé dice
ounamuyvecko2o osudicenusi. Hanpumep, pplOKU B peke, BOJOPOCIH, BATyHbI
U KOpATH €CTh HEYTO Kak Obl MPUBHECEHHOE B CPEly CaMOU PEeKH, a BOT €&
BOJOBOPOTHI M pa3Hble BUXPEBbIE TEUEHUSI €CTh YK€ CaMu @usuyeckue
00vexkmol (IMHAMUYECKUE CTPYKTYpbI) camMou cpeabl (T.e. BOJBI) Kak
pe3ynabTaT €€ JUHAMUYECKHX [IBJKEHHH. OITy Cpely pealbHOTro
MPOCTPAHCTBA Mbl U MOXKEM HA3BATh 2Qhupom.

Bce matepuanbhbie pu3ndeckue 0ObEKThI, HAUMHASI OT MHUKPOYPOBHS,
€CTb Pe3yNbTaT OUHAMUYECKO20 JIBWKEHUS MaTepuu, €€ (U3nuecKoro
cyOcTtpata (Maccbl). DOTO pa3Hble YCTOWYMBBIC JIOKAIM30BAHHBIC
CTpYKTypHBbI€ (HOpMBI €ro (e€) NMHAMUYECKUX IBUKEHUMU, MPEkKIE BCETO,
HAa MUKpPOYPOBHE, JIMHAMHYECKH B3aUMOJECHCTBYIOIIME MEXAYy CcOO00M

OIIATh K€ 4Yepe3 camy Cpely U €€ NUHAMUYeCKue IBWKeHus. M3 Hux u
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o0pasyroTcsi (IMHAMHYECKH CTPYKTYPHPYIOTCS) BCE€ BHIMMBIC HaM Tela,
BKJIIOYAasi M KOCMUYECKHE O0O0BbekThl. Ilo3TomMy peanbHOE MHPOBOE
buznyecKoe MPOCTPAaHCTBO MBI MOXKEM HA3BAaTh OUHAMUYUECKUM.

Jns cBoux (U3MYECKHX W3MEPEHUN JBIKEHUN B SBICHHUAX MBI
co3gaéMm Kakyro-nubo cucmemy omcuéma (CO), Hanmpumep, B 3e€MHOU
nabopatopuu. OHa BKIIOYAET, MPEXIE BCETO, HEKOTOPYIO XKECTKYIO
KOHCTPYKITUIO JJI1 IPOCTPAHCTBEHHBIX U3MEPEHUN U YaChl ISl U3MEPEHHUS
BpeMeHU. B Teopum €€ mnpocTpaHCTBEHHAs KOHCTPYKUUS —SBISIETCS
HekoTopoit cucmemou koopounam (CK). Yame Bcero 3to nexaproBa CK.
Ecnu mpencraButh €€ B HATypaJlbHOM BHJE, TO OHA JOJDKHA HMETh
HEKOTOpBIE KECTKHE KOOpAWHATHBIE OcU. M3 uero Obl 3T OcH HU OBLIH
clieJlaHbl, B KOHEYHOM cuére, Ha caMOM (yHJIaMEHTaJIbHOM YpPOBHE OHU
OyAyT COCTOSITh U3 HEKOTOPBIX JTUHAMHUYECKU YCTOWUYUBBIX CIMPYKMYPHBIX
Gdopm  Ounamuyecko2o O8udiceHusi MaTepuyd KakK TakKoBOW. 3aleras
HECKOJIbKO BIEPEN, CErOJHS YK€ MOKHO CKa3aTh, YTO 3TO U YPE3BBIYANHO
CIIOXHBIE  TIPOCTPAHCTBEHHO  JIOKAJIM30BaHHbIE (T.€. JIMHAMHUYECKH
YPaBHOBEIICHHBIE) 80.1HOGble CTPYKTYPHBIE (POPMBI IBHKEHHS 3PUpa.

A Tak Kak CTPYKTypHbI€ BOJIHOBbIE (DOpMBI IBHKEHUS 3pupa npu
OuHamuueckom  oOsuyxcenuu B dPuUpe  peasbHOro  (HU3UYECKOTO
IPOCTPAHCTBA HEU30€XKHO TMPETEPIEBAIOT U CTPYKTYPHbIE H3MEHEHHUS
CBOETO JBMKEHMsSI, TO HAUBHBIM OBLJIO IOJAraTh, YTO HALIM <OKECTKHE»
Tena TpU coOcmeeHHomM (IUHAMHYECKOM) JBW)XEHHUM B pEalbHOM
($u3MYEeCKOM (IMHAMHUYECKOM) MPOCTPAHCTBE HUKAK HE M3MEHSIOT CBOEH
reoMeTpudyeckoil (opmbl. B 3aBUCUMOCTH OT cof6cmeennol CKOPOCTH
CBOETO OUHAMUYECKO20 NBWKEHUS OHU COKPAILIAIOT CBOIO MPOTIKEHHOCTh
(TMHY) B HaNpaBIICHUH CBOETO COOCTBEHHOTO JMHAMHYECKOTO JBIKCHHS,
a UX MOTIepeYHbIe Pa3Mephl OCTalOTCs 0e3 u3MeHeHui [3].

JIrobas mamra >xéctkast nuHamuuecku nBkyimasics CK umeer u cBoé
omHOoCUmeNbHoe nycmoe Kunemamuyeckoe NMpocTpaHcTBO. OHO yxke 1o
ONPEIEIICHUIO SABIISIETCS KOHYENnmyaibHulM. DTO BCETO JHIIb HEKOTOPBIN
BOOOpaXKaeMbIil nycmoti eeomempuyeckuti 00vém, KOTOPBIM MbI YCIOBHO
cesa3biBaeM ¢ Hamed CK um kak Obl mepeHocuM BMecte ¢ Heil. Uepes
«IPUBSA3KY» 3TOTO MycToro oobéMa K xxéctkum ocsim CK, pasmeuennvim ¢
MOMOILBIO 3TaJOHA MPOTKEHHOCTH, MBI HaJIeNIIeM €ro MeTpukoi. 1 eciou
npu ounamuyeckom nBuxkeHnn CK Merpuka Hammx oced ounamuyecKku
U3MEHSETCS, TO U3MEHseTcs U KUHeMaThyeckas METpUKa Hallero
OMHOCUMENbHO20 ~ TEOMETPUYECKOro  o0béMa  (KMHEMATHYECKOTO
POCTPAHCTBA).
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Kak u3BectHO, Bceobmee MupoBoe npoctpanctBo M. HeioToH cumtan
nycmomoti v, B TO XK€ BPEeMsl, Ha3bIBaJl €T0 aOCOI0MHbIM Y HETIOIBYKHBIM.
OmnsTh &Ke mycThle TeoMeTpuueckre npocrpancTna Jro0brx CK oH Ha3bpiBa
omHocumenbHbiMu. JIBUXKEHUE JIOOBIX (PU3NYECKHX OOBEKTOB TIO
OTHOUIEHUIO K IyCTOMY MHMPOBOMY IIPOCTPAHCTBY, T.e. 0€3 BCAKOTO
B3aUMOJICUCTBUSI C HHUM, CYUTAIOCh AaOCOJIOTHBIM (MCTHUHHBIM), a IO
OTHOUIEHUIO JPyr K JpPyry Toxe O0e3 B3auMOJEUCTBUS — YHUCTO
OTHOCHUTEJIBHBIM, T.€. YUCTO KHHEMaTHdeckuM. Ha 3ToM m Obl1a mocTpoeHa
KJIacch4yeckasi Mmexannka HeroToHa.

Opnako, paccMmaTpuBas Kakoe-IMOO SIBJICHUE JaXe B KIACCHUYECKOM
MEXaHHUKE, CETOAHSl CIEQyeT BCerjla MOMHHUTh, YTO caMoO Mo cebe (Kak
SIBJICHHE MPHUHIUIHAIBHO OUHAMUYECKOe) OHO BCET/Ia MPOTEKACT, MPEkKIe
BCETO, 8 pealbHOM uzuieckom (m.e. OuHamuieckom) npocmparcmee. Mpl
ke, u3ydasi ero U3 Halmmx ounamuyecku npwxynmxcs CO, mpoBoguM Bce
CBOU KUHemamuyeckue uzmeperus Kaxk 0bl mpoHocs cBoro CO ¢ HeKOTOpoi
OTHOCHUTEIHHOM CKOPOCTHIO TI0 OTHOIICHUIO K SIBICHHIO, WM THHAMHYCCKH
B3aMMOJICUCTBYS C HUM W CMEMIAsiCh BMECTE B PCATBHOM OUHAMUYECKOM
poCTpaHcTBe. B mepBoM ciiyyae u3ydaemoe sIBJICHUE OyJIeT UMETh JIUIIIb
YUCTO KMHEMaTHueckoe omnucaHue mno otHomeHuto k CO, a BO BTOpoOM
cily4ae OHO OyJeT ¥ TMHAMUYECKHUM.

Ho B no6om ciyuae, ecnu Hama CO ABMXKYIIAsCA, TO MBI IIPU 3TOM
U3MEpsSeM HE T€ peallbHble COOCTBEHHBIC CKOPOCTH, KOTOPBIE MPHCYIITH
caMOMY SIBJICHHIO B €T0 PEATbHOM OUHAMUYECKOM TIPOTCKAaHUU B peaTbHOM
(GU3UYECKOM MPOCTPAHCTBE, & CKOPOCTH PAa3HBIX €ro XapaKTePHBIX TOUYEK
nO OMHOWIeHUl9 K HaMeH Ounamuyecku JIBYWKYIICHCS HW3MEPHUTEIBHON
CO, k e€ cozoanHoMy Hamu KOHBeHYUOHANbHOMY (T.€. B ONpEICIEHHOU
MEpEe YCI08HOMY) METPUUECKOMY MHCTPYMEHTY «IPOCTPAHCTBY-BPEMEHU»
[4]. On (oHO) yCIOBHO HOTOMY, YTO CO30AHO HAMU TIO OMPEACIEHHBIM
mpaBuiaM, a B caMOWl TpHpoAe caMo Mo cebe He CYyIIeCTBYeT. ITO
Ype3BBIYAHO CYIIECTBEHHBIH MOMEHT JIFOOBIX HAIUX KOHKPETHBIX
U3MEpPECHUH.

Ceroausi, Onaromaps oowet meopuu omuocumenvhocmu (OTO) u psany
bU3MYEeCKUX SKCIEPUMEHTOB, MBI YXK€ 3HaeM, 4YTO peajbHOE€ MHUPOBOE
bu3nYecKoe MPOCTPAHCTBO OJHOPOIHBIM U M30TPOMHBIM HA3BaTh HEIb3Sl.
OHO HENpepHIBHO U3MEHSET CBOE TUHAMUYECKOE COCTOSHUE, W TPEKIC
BCET0, B 3aBUCHUMOCTH OT HAJIUYUS W JUHAMUYECKOTO JIBIDKCHUS B HEM
rJI00AIBHBIX KOCMHYECKUX Macc. [1oaToMy B HEM M HE MOXKET OBITH HU OT
Yero He 3aBUCAIIMX YHUCTO OTHOCHTEIBHBIX (YHUCTO KHHEMATHUECKHX)

JBUKEHUN KakuX-1100 pu3nyeckux o0bekToB. Bee peasibHbIe IBUKEHHUS
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BcexX (pu3nyeckux 00bEKTOB B MUPe 10 CBOeil MpUpo/e JTMHAMUYEeCKHe
U, B KOHEYHOM C4éTe, TOKe B3aUM03aBUCHMBbI.

C npyroil CTOpOHBI, HA MHOTHMX OTPOMHBIX KOCMHYECKHX IMPOCTOpax
OuHamuyeckoe CcoCmosiHue pearbHoro (U3NYECKOTO MPOCTPAHCTBA B
TEYEHUE JOBOJIbHO OOJIBIIMX MPOMEXKYTKOB BpPEMEHHU (IECATUICTHN U
0osee) MOXKHO CUMTATh MPAKTUYECKH OJHOPOJIHBIM, M30TPOMHBIM H
Hen3MeHHbIM. IMEHHO Ha TakoM (JOHE BCe SIBJICHUS, pacCMaTpUBAacMbIC B
cneyuanvnou meopuu omuocumenviocmu (CTO) B mpenmenax Hamien
ConHEYHON CHCTEMBI, MOXHO CYMTaTh IMPOTEKAIOIIMMU B a0COIIOTHOM
HEIMOJABW)XHOM MPOCTpaHCTBE. [lo ommuowienuro K TaKOMY peanbHOMY
@uszuueckomy npocmpancmay Bce (pusnueckre 00BbEKThl peaibHO UMEIOT U
abcoiroTHbIC (cOOCmEeHHble) CKOPOCTH CBOETO TUHAMUYECKOTO JTBHKCHHS.
OHM Takke HUMEIOT U abcoalomHble MpaeKkmopuu, KOTOPbIE CETOJHs
Ha3BaHbl MUPOBbIMU JNUHUAMU, YTO JIO0 CHX IIOP HE OCO3HAHO B 4-péx
MepHoil TpakToBke CTO. Bce ux npyrue CKOpOCTH MU JIBWXKEHHS OyIyT
OTHOCUTEIbHBIMH, T.€. KHHEMAaTHYECKHMH.

31ech cpa3y K€ MOXKHO OTMETHTh, 4TO W A. DWHIITEHH B CBOEU
TpakToBKe CTO TOXE C HEOOXOAUMOCTBHIO OBLI BBIHYKIEH TOBOPUTH O
COOCMEEeHHOM JIBIDKEHHHM PACCMATPUBAEMBIX UM UHEPYUATbHBIX CUCHEM
omcuéma (MUCO). OHU HIBWXKYTCS PAGHOMEPHO U HPAMOJIUHEUHO 0e3
YCKOpeHua. A 3TO yXKe€ M €CTb XapaKTEPUCTHKA COOCMEEHHOZ20
ounamuyeckoz2o (MHepUMOHHOTO) dgudicenuss UCO. OnHako mpu 3TOM OH
CUUTANl AOCONIOMHO 6ce IBUKEHUS TN JIUWLb OMHOCUMETbHbBIMU TIO
OTHOUIEHUIO APYT K JIPYTy, T.€. YUCTO KuHemamudeckumu. I1o3ToMy B ero
TpaktoBke CTO cpazy ke OBUIO 3aJOKEHO CEphE3HOE J02uuecKoe
npomueopeuue, Kak 1 BO MHOTHX JPYI'MX BOIIPOCAX, MEPEUEPKUBAIOLIEE
BCIO €0 TPAKTOBKY 3TO# Teopuw [5].

PeanbHOe (u3umueckoe MpocTpaHCTBO, Aaxe B mpenenax CoiaHEeuHOM
CUCTEMBI, MOXHO CYUTaTh AUHAMUYECKHM OJHOPOJHBIM M H30TPONHBIM
TOJIBKO JIMILIb C ONPEAEAEHHON MOTPEIIHOCTHI0. JTa MOTPEIIHOCTh sl HAC
ypesgvluauno mana. Ho TpUHIMOUANBHO 6c¢€é peanbHOoe (U3UUECKOe
IpPOCTPAaHCTBO BceneHHON B 1LEIOM MO CBOEMY  OUHAMUYECKOMY
COCMOsAHUI0 OJAHOPOIHBIM U HM30TPOINHBIM Obimb He Modcem. B Takom
IPOCTPAHCTBE HE OBLIO Obl HU TaJaKTUK, HU 3BE3/, HU IJIAHET, U HUKAKHX
cucteM M3 HHUX. [lo3TOMy M CBETOBbIe Jiyud B peajbHOM (PU3MUECKOM
IIPOCTPAHCTBE MPHU PaCIPOCTPAHEHUH HENPEMEHHO UCKpUBItOTCS. U ecnu
TOBOPUTH O reoMeTpur BeeneHHol, nocmpoennou Ha peanbHbix c8emosublx
JIy4ax, TO OHa 00s13aTeNIbHO OyIeT HeeBKIIMIOBOM.



OiinmireitH npu  co3ganun OTO  ucnonb3oBaid MCEBAOPUMAHOBY
TeOMETpHIO, YTOObI OMUCaTh peajbHBIH (U3MUECKHA MHUP C €ro
JBUKEHUSAMH B CAMOM OOILIEM BHJIE€, HE3aBUCUMO OT KAKMX-TO KOHKPETHBIX
CO u ux aBuxeHuss. OH K TOMY K€ CUUTAJ, YTO HE MOXKET ObITh U HUKAKON
aoconromuoti cucmemst omcuéma (ACO) naxke 4ucTo NPUHIUITUAIBHO, T.€.
Ja)ke MBICIMMOM YUCTO TeopeTndecku. M B 3TOM Toxke ObLIa €ro
npuHnunuanbHas omubka. Otkyaa torna B OTO Mbl 3HaeM O TOM, 4TO
CBETOBBIC JyYd B peajbHOM (U3NYECKOM MPOCTPAHCTBE HCKPUBIAIOTCS,
YTO CKOPOCTh CBETA IPH PA3HBIX IPAaBUTALMOHHBIX MMOTEHI[MATAX MEHIETCS
10 BEJIMYHMHE U MPU 3TOM €LIE U 3aBUCUT OT HANpaBlIeHUA? A 3HaeM Mbl 00
3TOM HMEHHO TIOTOMY, 4YTO HEOCO3HAHHO 6600UM B TEOPUID U
abctpakTHyto meopemuueckyro ACO. DTo HeKoTOpas ycioeHas (YUCTO
MBICIIUMAasi) HEMOJBMKHAs TJI0OajbHAsl CUCTEMA OTCUETA, OUHAMUYECKOE
IPOCTPAHCTBO KOTOPOH Kak Obl HE MOJBEPKEHO HUKAKUM BIIMSHUSAM, a
MO3TOMY H SIBJISIETCS Mempuyecky OJHOPOAHBIM U M30TPONHbIM. [ToaTOMy
B 3101 ACO yXe TeOpeTHYECKH M UCIOJIb3yeTcs aOCTpaKkTHAsE reoMEeTpHs
EBxinna. Mcnionb3yst €€ s3bIK, Mbl KaK Obl Ha2/110HO BUANM, YTO pPEaJIbHbIE
CBETOBBIE JIyUH IPHU PACIPOCTPAHCHUH B OUHAMUYECKU U MempudecKu He
OJHOPOJHOM M HE H30TPOIHOM IPOCTPAHCTBE HCKPUBISAIOTCS M T.J.
NmenHo uepez meopemuuecku moicaumyro ACO u reometputo EBkiuaa
Kak HauboJiee MPOCTYIO, HAIJIAJHYIO U MPUBBIUHYIO 0717 HAC MBI MOXEM
YBUJIETh, UYTO pEATbHO MPOUCXOJUT C TEM WIA HHBIM CTPYKTYPHBIM
OuHaAMUYecKum ABUKEHUEM B PEaIbHOM (DU3UUECKOM MPOCTPAHCTBE.

CTO npuHUIUNHAIBHO MOKHO TPUMEHSITh JUIITL BHYTPU AOCMPAKMHOU
meopemuyueckou ACO, B €€ HIeaTu3UPOBAaHHOM JIMHAMUYECKOM
npocTpancTBe. OHa yke Mo CBOeW mpupone umHepuuaibHa. CBET B HEW
pacrpocTpaHsieTcs NPSIMOJIMHENHO U ¢ OJUHAKOBON CKOPOCTBHIO € BO BCEX
HaIlpaBIICHUSIX OMI MOYKU U3AYYEHUA, HE3aBUCUMO OT JIBUKEHUS
UCTOYHUKA. OTO M €CTh NPaBWIbHO (DOpMyIUpYeMblil  npuHyun
nocmosincmea ckopocmu ceema (IIIICC). 1 mbl moxkem BBoAUTH B ACO
npyrue ounamuyecku osudxcyuuecsi CO ¢ cobcmeennvim (C HEKOTOPOU
CKOPOCTBIO V) paBHOMEPHBIM MPSMOJMHEHHBIM JBHKeHHEM. M ecnu Bce
pazHomectHbie yackl B MCO cormacoBaTh MEXIy COOOM MO UX TTOKA3AHHSIM
C TIOMOIIIbIO CBETOBBIX CUTHAJIOB («CHHXPOHHU3UPOBATHY), TO ATO U OyIyT
Toxe TeopeTrnuecku MpiciinMble MCO, kaxkaast co CBOMM KOHYEnmyaibHulM
MPOCTPAHCTBOM-BpeMeHEM. 1 1O OTHOIIEHHIO K CBOEMY MPOCTPAHCTBY-
BpemeHH B Kaxaoul MCO MOXHO HAMTH M HEKOTOPYIO YHUCTO YCI08HYVIO

(KMHEMaTUYECKYI0) OTHOCUTEIIBHYIO CKOPOCTh Jito0oit apyroit MCO.
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CTO o0s3arenpHO HY)KHa HAM UMEHHO IOTOMY, YTO ITOKa3bIBAET, UTO
KOHKPETHO MPOUCXOAUT C Pa3IMUHBIMHU (PU3UUECKHUMH OOBEKTaMH MPU UX
aOcomroTHOM (cobcmeenHom) HABWKECHUH, T.€. NMPU UX OUHAMUYECKOM
JIBMKCHUM B pealbHOM ¢usndeckom mnpoctpanctBe. M OTO kak
(U3NYECKYI0 TEOPUIO0 TOXKE HY)KHO CTPOUTH B HEKOTOPOH TEOPETHUECKU
MBICIUMONM  r00anbHOM, nuHamuuecko ACO  depe3  peasibHbIE
OTKJIOHEHH OT €€ OJHOPOJHOCTM M  H30TPONHOCTH, BHOCUMBIC
MAaCCUBHBIMH KOCMHUYECKMMU TenaMu. W CTpouTh €€ Hy:KHO HE TOJIBKO
yepe3 MaTeMaTuKy, HO M 4epe3 (U3HKY SBJICHUM, YTOOBI ClENaTh €€ He
HACTOJIbBKO MaT€MAaTU3UPOBAHHOW M  aOCTPAKTHOM, KAKOW OHa SIBJISIETCS
CETOHS.

Ecau BepHyThCS K KiTacCHYECKOM (PU3HKE, TO OHa ObljIa MOCTPOCHa Ha
HallleM YHUCTO OHOJOTMYECKOM BOCIPUITHH BHEIIHET0 Mupa. Mbl
BOCIpUHUMaeM (U3MYECKUE Tella Kak Obl NMPUBHECEHHBIMU B ITyCTOE
MPOCTPAHCTBO-BMECTWIINIE. MBI CUMTANW, YTO €CIU TEJIO JABUIKETCH, TO
OHO JIMIIb YHUCTO KUHeMamuyecKu WN3MEHSET CBOE MECTOIIOJOKCHHE B
MPOCTPAaHCTBE. MBI cuMTany, 4YTO JaX€ NOPU CBOEM JIWHAMUYECKOM
JBUKEHUHM B KK/l BPEMEHHONW MOMEHT OHO TOYHO TaKO€ K€, Kak U B
cocTostHUM mMokosi. Ho Torma momywaercs, 4To peanbHOEe (COOCTBEHHOE
JUHAMHYECKOE) JBMKEHUE U PEabHBINA TOKOM HHYEM HE OTIHUYAIOTCS APYT
oT aApyra. Mbl cTankuBaemcd C mpoTuBopeuneM. M 31O 3ameTunu yxe
MBICIIUTENIN APEBHOCTH, U BBIPA3UIIN B CBOUX AllOPUSIX.

B knaccuueckoil (Qusnke CcyUTaeTCs, YTO Mbl MOXEM W3MEHHUTh
JBI)KCHUE TeJla, MPOCTO TOJIKHYB €ro, T.e. COOOIIMB €My KakKoH-TO
uMnysbc. CuuTaeTcs, 4To camMo TeJIo MpU 3TOM He u3MeHsiercs. Ho mpu
ATOM HE OCO3HAeTcs, 4YTo Ha (PyHIaMEHTaILHOM YpPOBHE HW3MEHUTH
MMIYJILC TEJa HEJb3sl HUKAK MHaye, KaK HU3MEHHUB €ro OUHAMUUECKOe
JIBIDKCHHME, a 3HAYUT U €r0 COOCHEEHHYI0 DHEPrui0 Ha Amc’(HeKoTopas
Macca, YMHOKCHHasi Ha KBaJApaT CKOPOCTH cBeTa). Teyio, M3MEHSsI CBOIO
DHEPTUI0, TEM CAMBIM UMEHAem U C80I0 MAaccy, KOTOPYKD OHO UMEJO N0
ATOTO. A TakXe HU3MEHSIET MPU 3TOM U CKOPOCTh CBOETO COOCHBEHHO20
nBwxkeHus. [Ipy 3TOM Maccy Oounamuuecku nokoauyezocsa Tejla MOXHO
CUUTATh MACCOU NOKOA JUIIb YCIOBHO, TaK KAaK 3Ta MAacca HaXOIOUTCS B
HETPEPHIBHOM BHYTPECHHEM OUHAMUYECKU JIOKAIU306aHHOM (BHEIIHE
YPaBHOBEIIEHHOM) JBUXXEHUHU BCE C TOM K€ CKOPOCThIO cBeTa c¢. 1 Torma
coOCTBEHHOE BHEIITHEE JBIKCHHUE U TTOKOU YETKO pa3inuyaroTcs. J[BuxeHue
pa3IMYHBIX (PU3UUYECKUX OOBEKTOB B PEATbHOM MHPOBOM MPOCTPAHCTBE
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NPUHYUNUATLHO WMEET, TIPEXKIE BCEro, CBOU coOcmeeHmviti (M B ITOM
CMBICJIC a0COJTIOTHBIN) JUHAMHYCCKHNA XapaKTep.

CerogHsi Ha OCHOBE BCEX HMEIOIIMXCS 3KCIEPUMEHTAIBHBIX (haKTOB
MBI JTOJKHBI OCO3HATh, YTO a0COJIOTHO Bce (DyHAaMEHTaIbHBIC JABHKEHUS
B [Ipupojie HOCAT HE TOIBKO AMHAMUYECKUMN, HO U YUKIUUECKUIl XaPAKTEP.
®duznyeckre 00bEKTHl HE MPUBHECEHBI B CPEy pPeajbHOro (hU3UYECKOTro
npoctpancTBa. OHU BCe€ TOCTPOCHBI HA OCHOBE OINpPEACIEHHBIX
AIIEMEHTAPHBIX CTPYKTYPHBIX yukauueckux HopM TBUKEHHUS 3TON CPEJIbI
(adupa-mMaccel) U UX OUHAMUYECKUX B3aUMOACHCTBUN MEXKIy CcOO0O0M. A
TaK KaK JUHAMUYECKH JIOKATH30BAHHbBIC [TUKIMYECKUE ABMXKECHUS PEAIbHO
HAXOISTCSI B HENPEPbI6HOI MUPOBON cpeie, TO OT HUX HEHU30ekKHO
PacpOCTPaHSIOTCA U 60IHO8bIE IBKEHUSI CaMOIl CpeJibl, C KOTOPHIMU MBI
U CBS3BIBAEM CYILECTBOBAHUE PA3NMYHBIX (u3nyeckux mnojieil. a u camo
UKJINYECKOE JBIKEHHE, HApUMEp 3JIEKTPOHA, MOXKHO paccMaTpUBATh
KaK 3aMKHYTYIO BOJIHY [6].

[{ukmryeckoe BOJHOBOE JBMKEHHE IO CaMOW CBOEM MPUPOJE YXKE
sBNseTCs KBaHTOBbIM. [losTomy wu dyHmaameHntanpHas ¢usnka cC
HEOOXOMMOCTBIO TOXKE JJOJKHA OBITH KBAaHTOBOM. M yenoBedyecTBo, B JInIe
CBOMX JIYYLIMX MpPEICTAaBUTENEH, MNPOABUTajIoCch K MNOHUMAHUIO 3TOTO
MYUYHUTENBHO J0TO.

N3 Bcero ckazaHHOrO BBILIE CIEAYET, YTO BCE T€ ABMXKEHHUS, KOTOPHIE
MBI HaOJIOZaeM B TPHUPOJE, HE €CTh YUCHIO JIUHEelHble TICPEMEIICHUS
JIOKaJIU30BaHHbIX yYacTed »3¢upa BHYTpU »>dupa kak wnemoro. OnHu
00s3aTENbHO €CTh PE3YJbTaT MOC1E006AMENAbHBIX CMEU|eHUNl UMEHHO
PA3TUYHBIX COCMOAHUIL 60IH08020 (UWUKAUUECKO020) 08udceHus 3upa.
Cam xe 3dup 6 yerom octraércs Npu STOM HEMOJABUKHBIM. OTO Kak
CMeIlleHNE N300paKeHHsI Ha HEMOJIBUKHOM 3KpaHEe TEJEBU30Pa, HO TOJIBKO
«3o0paxenue» oobeéMHoe. K Takomy nonnManuio (eHOMEHa JBUKEHUS U
BOJIH, U YaCTUI[ BEIIECTBA, W TeJ B MPHUPOAE Yxke Obul OJIM30K U
roJutaHjckuil ¢pusuk-reopetuk I'.A. JlopeHir.

Bort kak JlopeH1 BeIpa3uil 3Ty MBICIb caM: « JIeHCTBUTEIIBHO, OHO U3
BOXHEHIINX HAIIMX OCHOBHBIX MPEAMONOKEHUH OYyIeT 3aKiIiovaThcs B
TOM, 4YTO 3GUpP HE TOJIbKO 3aHMMaeT BCE MPOCTPAHCTBO MEXKIY
MOJIEKYJIaMH, aTOMaMHU U 3JIEKTPOHAMH, HO YTO OH U IIPOHUKAET BO BCE ATH
4acTUYKU. MBI 100aBUM THUIOTE3Y, YTO, XOTS Obl YACTUUKHU U HAXOJUJIHChH
B IBWKEHUH, dDUp 6cec0a ocmaémces 6 nokoe. Mbl MOKEM MPUMUPUTHCS C
9THM, Ha TIEPBBIN B3TJIS] MOPA3UTEIHHBIM, MPEACTABICHUEM, €Clii OyIeM
MBICITUTh YACTHYKH MaTE€pUM KaK HEKOTOpPhIE MECTHBIE HM3MEHEHHsS B

COCTOAHUHU 3(1)I/Ipa. OTH HU3MEHEHUS MOT'YT, KOHCYHO, OYCHbL XOpPOIIO
8
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IPOJBUTATHCS BIEPEN, B TO BpEeMs KaK JJIEMEHTHI 00BbEMa cCpeipl, B
KOTOPOM OHH HaOJIFOIAF0TCSI, OCTAOTCS B IOKoe» [7, ¢. 32].

3/1ech B caMblil pa3 NPUBECTU TaKKe NpUMEYaTeIbHOE MECTO U U3 PEeUHr
OiinmreitHa B Hottuareme B 1930 roay: "Mpel npuxoluM K CTPaHHOMY
BBIBOJY: celYyac HaM HA4YMHAeT Ka3aTbCsd, YTO MEPBUYHYIO POJb HUIPAECT
MPOCTPAHCTBO; MATEPHs K€ JIOJKHA OBIThH MOTyYeHa U3 MPOCTPAHCTBA, TaK
CKa3aTh, Ha cienyrouieM stane. [IpoctpancTBo noriomaer Mareputo. Mel
BCETJla pacCMAaTPUBAIN MATEPUIO IEPBUYHOM, a MPOCTPAHCTBO BTOPUUYHBIM.
[IpocTpancTBo, 0Opa3zHO roBOpsi, OEpET ceiluac peBaHIl U '"cbemaeT"
MaTeputo. OJTHaKO BCE 3TO OCTAETCs IMOKA JIUIIh COKPOBEHHOM MeuToi" [8,
c. 243].

Kak wu3BecTHO, MaTepue DHHINTEMH Ha3biBajd BemiecTBO. M To, 4TO
CKAa3aHO 3JE€Ch Y HEro, Kak pa3 M COIJIacyeTcs C TEM, YTO CKa3aHO B
nocienHux abzamax Beie. [locne coznanns OTO DUHIITENRH B OCHOBHOM
HalpaBwi BCE CBOM YCUJIMSI HA TOMCKH €AMHOM TEOPHUH IO, HO HE CyMell
MOJYYUTh 3/I€Ch CKOJIbKO-HUOYAb 3HAYUMBIX pe3yJbTatoB. M UMEHHO
IIOTOMY, YTO HE CyMEJ OCO3HaTh, YTO BECh CYIIECTBYKOIIMKA Mup ecTb
pe3yJbTaT CTPYKTYPUPOBAHHOIO ILIMKIMYECKOTO BOJIHOBOTO JBHKECHUS
MaTepuu, ero pusmdeckoro cyocrpara (3¢upa-maccel). X0OTs YK€ K TOMY
BPEMEHU OBLJIO XOpOIIO HM3BECTHO, YTO JIa)K€ BEIICCTBEHHBIC YaCTHUIIBI
MMEIOT U BOJTHOBBIE XapaKTEPUCTUKHU.

NMenHO ¢ oco3HaHusi TOro, 4To (pyHIaMeHTanbHas (U3UKa JOJDKHA
OBITh 60HO60U W HA OCHOBE ATOr0 JOHKHA OOBACHUTH BCE MPUPOJHBIE
SBJICHUS, U JOJDKHA MPOXOJUTh TPAHUIA MEXAY KIIACCUUECKON (PUBHKON U
KBaHTOBOW. Kpome TOro, oHa J0HKHA MPOCTO U HATJISIIHO OOBSICHUTH, YTO
O3Ha4YaeT KOPMYCKYJSPHO-BOJHOBOW Ayaliu3M, YTO O3HAYAE€T H3BECTHOE
COOTHOILIEHHE HEOINPEAEIEHHOCTEN, YTO TAKOE 3apsii U MHOTOE JPYyroe, a
TaK)Xe 0OBSICHUTH TPABUTALIUIO Ye€pPe3 KBAHTOBBIN YPOBEHB JIBUKCHUSI.

CeromHsi Mbl TOJDKHBI COBEPIIEHHO YETKO OCO3HATh, YTO TaK KakK BCE
dbuznyeckue Teaa B MPUPOJE NPUHIUIHUAIBHO TOCTPOCHBI HA OCHOBE
B3aMMOCBSI3aHHBIX TPOCTPAHCTBEHHO JIOKAJM30BAHHBIX 3JIEMEHTAPHBIX
B0IHOBbIX NBUKEHUH, TO OHU C HEOOXOJAMMOCTBIO MPHU JABUKEHUHU JTOJKHBI
cokpamatbcsd. To e camoe NPOUCXOAUT W C HAIIUMU 3TajJoOHaMU
NPOTSKEHHOCTU (7MHbI). W onpenesi€HHbIe AIeMEHTAapHbIE HUKINYECKHE
BOJIHOBBIE MPOIECCH B JUHAMUYECKU JABUKYIIEMCS Teje 3ameisitores. To
e caMoe MPOUCXOJIUT C HAIIMMK ATAJOHAMU JJIMTEIBbHOCTH (BpemeHu). U
BCE 3TO CErojIHs MOYKHO TOKa3aTh U MaTeMaTHUECKH, U HarjsiaHO [3].
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Takum o0Opa3omM, XOTS MBI M pa3MeuaeM Hally JUHAMHUYECKH
neuxymrytocss CK oOmenpuHATHIM 3TaTOHOM MPOTHKEHHOCTH, HO OH YKe
KOpOYe B HaIpaBICHUU COOCTBEHHOTO (IMHAMHUYECKOTO) ABMXKCHHUSA, YEM
TOT, uro ObUT Obl B ACO nuHamuyecku mnokosiumcs. [loatomy umcTo
reoOMeTpuYecKass METPUKA HaIEro OTHOCUTEIBHOTO (KHHEMaTUYeCKOIo)
npoctpanctBa MCO, xots u Oyaet mIockou, HO yxke He Takoi, kak B ACO.
C Touku 3peruss ACO ycCIIOBHOE IyCTO€ KMHEMATUYECKOE MPOCTPAHCTBO
nuHamuuecku odsudicyujetica CK neuzomponno. Ilosmomy ¢ mouku 3penus
ACO ezo yce nenvss Ha3BaTh U B IOJHOW MEPE €BKJIMJIOBBIM, TaK KaK BCE
NPOTSKEHHOCTH B HEM B HANPABJICHHH COOCTBEHHOrO (JUHAMUYECKOIO)
neuxkennss CK  cokpawenvr (CKaTbl) NO OTHOIICHHIO K IONEPEYHBIM
npotsokéHHocTsM. Ho B camoit MCO myis BHyTpeHHUX HaOmrogarenei eé
COOCTBEHHAsi METPUKA YCIOBHO COXPAHSIETCS €BKJIMIOBOM.

B3anMo3aBucCHMBbIE HENPEPHIBHBIE W3MEHEHHUS COCTOSHUHN JIBMKCHUS
AIIEMEHTAPHBIX JIOKATM30BaHHBIX 00BEMOB Matepuu (3upa-maccel) U
o0pa3yloT  pacmpocTpaHswnecs 1o Bcemy €€  (U3UYECKOMY
MPOCTPAHCTBY BOJIHOBBIE Tpoliecchl. M 31ech 00sA3aTenbHO B MHPOBOM
cCpelle JIOJDKHBI OBITh DJIEMEHTAPHBIE HEMPEPHIBHO HU3MEHSIOIMIUECS
COCTOSIHUSA €€ JIBIDKEHUS Kak Obl MOJJIEPKUBAIOIINE BOJHOBOM IMPOIIECC
(kak OBl MpoMycKarolue ero uepe3 ceds) ¥ UX MOXKHO Ha3BaTh MPOCTO
BOJIHOBLIMU  (YUKIUYECKUMU) —B8O3MYWeHUsMy TpocTpaHcTBa (ddupa-
Mmaccel). Kak, Hampumep, W B 03EpHOHM Boje J000e €€ BO3MYIICHHE
pacnpocTpaHseTcss Kak BOJHOBoe. Ho HeEmpeMeHHO OJDKHBI OBITh U
DJIIEMCHTAPHBIE COCTOSIHHS ITUKIMYECKUX JTUHAMWYECKHX JIBIKCHUH,
SBIIIONINECS  HEMOCPEACTBCHHO  ucmounuxkamu  (6030youmenamu)
BOJIHOBBIX MPOIECCOB (UX ocyuniamopst). Ix MOXKHO Ha3BaTh MPOCTO €TI0
6030yHcOeHUAMU.

Camo 8030yaicOenue XapakTepu3yeTcsl CBOSH JIOKAIM30BaHHOW Maccoit
U CBS3aHHOHM C OTHUM HWHTCHCHBHOCTBHIO (€ro MUKINYHOCTHIO). OHO
MOPOXKIAETCSI  TEPBUYHBIM  WHEPIUOHHBIM  GUXDEBbIM  KBAHMOM,
MOJISIPU3YIONIUM OTpEeeIEHHBIM 00pa3oM MPOCTPAHCTBO (a TOYHEE, €ro
cpeny-3pup) BOKpyr cebs. A  pacnpoCTpaHSIONIMIICS jJaiee B
MPOCTPAHCTBO OT HWCTOYHHMKA BO3OYXKICHHS  MPOIECC  BHUXPEBOU
noyisipu3anu dhpupa U €CTh 603MYU4€HUEe - BTOPUYHBIA BHUXPEBOU
BOJIHOBOM miporiecc. OH pacnpocTpaHsieTcsl (MHULIHUHPYETCA) COTrJIacHO
npuHiuny ['rolireHca W 3aTyXxaeT 1O CBOEW aMmIUIMTyJe OOpaTHO
MIPOIIOPIIMOHANIEHO KBAAPATy PACCTOSHHS OT CBOETO MCTOYHHMKA. K Takum
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npoleccaM, HanpuMep, OTHOCUTCS M TO, 4YTO CErOAHS Ha3bIBAETCS
INEKMPOMAZHUMHBIM 60THOBHIM RPOUECCOM.

[lepBUUHBIM 37eMEHTApHBIA YPUPHBIN BUXPb KaK 8030)ocoeHue ddupa
IPOCTPAHCTBEHHO IUHAMUYECKU JIOKAJU30BAaH M UMEET, MPEXJE BCETO,
TaKyl0 XapaKTEPUCTHKY KaK BHYTPEHHHMM MOMEHT HMMIIYJbCa €r0 MAacChl
(cnum), KOTOpBI HANPSIMYIO W CBSI3aH C yuxiauyHocmolro. [locnennss u
XapaKTepU3yeT €ro MHTEHCUBHOCTh (BHYTPEHHIOIO SHEPruio). Buxpp kak
BO30yXKJeHHEe dS(]upa HEMPEephIBHO CMEHAET CBOE TMOJIOKeHue (T.e.
JNBUKETCA  JIMHEHHO) M HEOPEpPhIBHO NOPOXKAAET  (OCHUIUIAPYET,
WHULMHAPYET) BOKPYr ce0si BTOPUYHBIA BOJHOBOW mpouecc. Buxpb-
BO30YXKJIEHHUE, CMEIAACh BJOJb CBOEH OCHM B BHUJE CIHUPAIBHOW BOJIHBI,
MMEET U CBOW BHELIHUI MMITYJIbC, U BHEIIHIOK KUHETHYECKYIO SHEPIHIO, a
TaK)K€ MPOIOJIBHBIA MOMEHT UMITYJIbCA KaK IICEBIOBEKTOP.

W3 mnepBUUYHBIX AJIEMEHTApPHBIX BO30OYXkAeHUU sdupa (nepsuunvix
guxpeitl), BCErJia CMEUIAIOIINXCS B PEaIbHOM (PU3NYECKOM MPOCTPAHCTBE CO
CKOPOCTBIO CBETa, U (POPMHUpPYETCS BElIECTBO. PoJib k€ BTOPUYHBIX BOJH
CBOJAMTCS K CO3JaHUI0 3QUPHBIX uUHmMeppepenyuoHH0-80IHOBbIX HOopM
(UB®). A usmenenne UB®D (e€ oOriei KapTUHKH — TI0JIsI) B TIPOCTPAHCTBE
ONpPENENSIET U CMEIICHHE CaMUX HMCTOYHHKOB BMECTE C MX HENPEPBIBHO
BO30yKIaeMoi Maccoll ¢ €€ MOMEHTOM HMITyJIbca M JHeprueil. Ity
JIOKAIU308AHHYI0 COOCMBEHHYI0 MACCYy UICTOUHUKOB (BO30YKICHUI) MBI U
Ha3bIBAEM GeuyecmeeHnoul (VI KOPIYCKYISIPHOM).

31ech )K€ YMECTHO OTMETUTD, YTO (POTOHBI U HEUTPUHO CHOPMHUPOBAHBI
U3 TOM ke A(PUPHOI MacChl, KaK U Bce Apyrue yactuubl. Ho ux asmxenue,
XOTsI BHYTPEHHE M JIOKAJIM30BAHO MPOCTPAHCTBEHHO, HO IIPU 3TOM BCETra
MMEET W BHEIIHIOIO JMHEHHYI CKOPOCThb, PABHYIO CKOpOCTH cBera c. U
korma w3 (oroHa oOpa3yloTcs SIEKTPOH W TO3UTPOH, TO HWMEHHO
JOKallM30BaHHas Macca (OTOHAa M NEPexXoJuT B HMX Maccy. A Mpu
AHHUTWIALIMM 3JIEKTPOHA C MO3UTPOHOM M3 MX Macc U olOpasyeTcs macca
pa3IeTaOIIUXCSl CO CKOPOCTBIO CBETA (DOTOHOB.

Ho Bepuémcs emg pa3 k CTO. B 310l Teopuu NpUHIUNHAIBHO JT0JAKHA
WCIOJIB30BaTbCsSl €BKJIMJ0BA TE€OMETPHUS, TAK KaK pPEaJbHOE MHUPOBOE
¢usznyeckoe MPOCTPAHCTBO B  HEM  NPUHUMACTCS  OUHAMUYECKU
OJHOPOJAHBIM M H30TPOMHBIM. A TO, 4YTO MMUHKOBCKHII NOpPUMEHUT B
TpakToBKe CTO Kk e€ nemxymmmcs MCO 1nceBaoeBKINIOBY T€OMETPUIO,
TO 3TO BCETO JIMIIb YUCTO (POpMaIbHbIA MaTreMaTruueckuil npuém. OH JTUIIb

n00aBUI Hepa3Oepuxy B MOHUMAHUE pu3uyeckol cymu dTON TEOPHUH, TaK
11
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KaK OHa cama Mo ce0e y»e JOBOJIBHO aOCTpaKTHa, a OH el BHEC B HEE
JOTIOJTHUTENBHO M YUCTO MaTeMaTH4ecKyro adctpakuuto. Ho 310 kak pa3 u
TOBOPUT O TOM, YTO OJIHA U Ta X€ @u3uueckas TEOpUsS MOXKET ObITh
ONHMCAaHa C MOMOLIBI0 PA3HOrO0 MaTEMaTHYECKOro (B JaHHOM Cllydae
reOMeTpUIecKoro) sizbika. Ho B TO ke BpeMs 3TO aOCTPaKTHOE OIHCAHHE
HOJTBEPKJIAET HE MOAX0] DUHIITEHA K IOCTPOECHUIO TEOPUH, a SPUPHBIi
noaxoj JIopeHna, 4To He OCO3HAHO | MO Cceil AeHb [6].

[Touemy TpakToBka CTO DitHmTeitHOM He BepHa? Jla moToMy, 4TO OH
paccmatpuBaeT aBuxkeHue Bcex MUCO B nycmom 4UCTO KuHeMaAmuyeckom
IIPOCTPAHCTBE, a «HenoABWKHYI0» MCO cunrtaer Bcero b ycrosnou. U
abcomotHo Bce ICO y Hero kunemamuueckue 1 HUYEM JPYT OT JIpyra He
ormuyatorca. OH  nmpunyunuanvHe OTpuULACT adconiomuoe (T.€.
coOcmeeHHOe OUHAMUYeCKoe) IBIDKEHHE Tell. Bee MBUKEHHS CTaHOBSITCS
Cyry00 OTHOCUTENIbHBIMH (T.€. YHUCTO KMHEMATUYECKHUMH), & MOITOMY HU
COKpAILIEHHE pa3MepoOB TEJ NPH JIBH)KEHHH, U YBEIMYEHUE UX pPeaJbHOU
Maccbl NpPU 3TOM, U 3ameldneHue X00a IMAIOHHBIX HACO8 Cpa3y Ke
MPUOOPETAIOT Y HETO XapaKTep YUCTO KUHEMaTUYeCKUX 3PHEeKTOB.

OWHIITENH HUTAE HE Jall Pa3bsACHEHUWH, B 4YEM K€ KOHKPETHO
3aKIrovaeTcs  ycrosHocms  «nokosmecs» MCO, 4Tro 3TO  TOJKHO
O3HauaTb. A 3TO O3HA4YaeT MUMEHHO TO, YTO Mbl cuumaem €€ Kak Obl
peaslbHO HENOJBWKHOW B pEaJbHOM (U3WYECKOM mpocTpaHcTBe. U
cuumaem, 4YTO CBET JCHCTBUTEIBHO PACIPOCTPAHAETCS C MOCTOSHHON
CKOPOCTBIO € BO BCEX HANPaBJICHUSIX OT TOUYKU U3TYyYEHHUS MO OTHOILIECHHUIO
K Heil. [ToaToMy MBI ¥ cuumaem, 4To OCIE «CUHXPOHU3ALMKY BCE Yachl B
«nokosimencs» MCO nericTBUTENB HO udym 6 ¢paze. [Ipyrumu cioBamu,
MBI YC06HO cuumaem, 4TO BCE B HEUW INPOUCXOAMUT KAK B PeanbHOll
ounamuyeckouu ACO. Ho eciu ™Mbl 0Opu 3TOM OTPUIIAEM CaMy
603MOJCHOCMb  MBICIUMOM  YUCTO  TEOPETUYECKH  HEMOJABHIKHOMN
nuHamudeckod ACO, To cpasy ke BCe HaIlld pacCyXJeHHS 00 YCIOBHO
«nokosimencs» MCO yTpauuBarOT 00beKmuHyi0 OCHOGy W CTAHOBATCA
YUCTO CYObEKMUBHBIMU.

Ceromas oT 3amUTHUKOB mpaxkmosku CTO DHHIITEHHOM 4YacTo
MOJKHO YCIHBIIIATh, YTO OH SKOObI KaTerOpUYeCKM HE OTpUAl
BO3MOXXHOCTh BBeneHusi 3dupa B CTO. OnH, neckarb, BCEro JUIIb
nom4épKUBaJl, 4TO 3Ta Teopus B 3dupe mnpocto He Hyxucoaemcs. U
BBIDVISIAUT 3TO mpumepHo Tak. Jla, TpakToBky CTO MOXET M MOXKHO
NOCTPOUTh HAa YUCTO MAaTEPUAIMCTHYECKOW OCHOBE 0€3 BCSIKUX
IIPOTUBOPEUYMN U MapaaokcoB. Ho oHa B TakoM TPakTOBKE MPOCTO HE

HYXOAaC€TCH, TakK KakK MMOTEPACT BCIO CBOIO mucmuiecKyro
12
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MPUBJICKATEILHOCTh U HE OyJeT 00bIle OyIOpPaKUTh YETOBEUESCKUE YMBI.
Ho torma mokeT ObITh M Apyrue CIOXKHBIC SBICHUS MPUPOJBI HE CTOUT
OOBSICHATH C TIOMOINBIO CIMIIKOM CIOXXHBIX MAaTEepPHATMCTHUYECKUX
dbuznyecKkux TEOpuH, a MPOCTO OOBSICHATH BCE C MOMOIUIBIO JIEHCTBUS
HeuncTo cuibl? W Beap 3TO Ke MOHPaBUIOCH Obl OYEHb MHOTUM!
Oco0eHHO TeM, KTO HE JIIOOUT BHUKATh B CYTh.

Mpb1 MoxeM mpencTtaButh cebe meopemuuecku mwvicaumyio ACO B
Bue xéctkoit CK, cBSI3aHHOI C OJHOPOIHBIM M H30TPOIHBIM (PU3HYECKUM
IIPOCTPAHCTBOM, M C DTAJOHHBIMM 4YacaMu B Kaxaou €€ Touke. ToJbko
HY>KHO, 4TOOBI Yachl B HEH Be3/le MOKa3bIBaJM OJWHAKOBOE BpeMs (Kak
MoMmeHT). i aToro pazHomectHele yachl CK HY:KHO CHHXpOHH3HUPOBAaTh
MEXly COOOW M0 MX MOKa3aHUSAM. JTO U JAENAETCsl C TOMOIIbIO CBETOBBIX
CUTHAJIOB C Y4E€ETOM TOrO, YTO CBeT B OUHAMUYECKU OJHOPOAHOM H
M30TPONIHOM  NPOCTPAHCTBE PACHPOCTPAHAETCH €  IOCTOSIHHOH
CKOPOCTBI0O ¢ BO BCeX HANpPaBJCHHUAX OM MOYKU U3INYUEHUA,
He3aBHCHMO OT ABWKeHHs ucTounnka (3to u ectb IIIICC). U eciu ObI
IIOCJIE TPOBEACHUS CBETOBOW MNPOLEAYPHl CUHXPOHU3AUUU TIOKA3aHUM
pazHoMecTHbIX 4YacoB B ACO Mbl MOriM Obl «MIHOBEHHBIM B30POM)»
oxBaTuTh Bc€ npoctpancTBO ACO, To yBuaenu Obl Ha Bcex €€ yacax OJIHU
U T€ e NoKa3aHus. JIpyruMu CciioBaMu, nOCie CUHXPOHU3AYUYU BCE YACHI B
ACO peanbHo udym 6 ¢ase [8].

Hame peanbHOoe (u3myeckoe NPOCTPAHCTBO Mal0 OTJIMYAETCA OT
OJTHOPOJHOTO M M30TpornHoro. B HEM u pa3BuBaroTCi Bce (PU3HUECKHE
IpoLecChl OuHamuyecku camu 1o cede. BOT TONBKO MOCTPOUTH B HEM
peanbHyto AuHamuueckyro ACO st u3MepeHus GU3NIeCcKUX MpoIeCCOB U
UX M3Y4YEHUS Henb3d. MBI BBIHYXKJIEHBl HCIOJI30BaTh OUHAMUYECKU
osuxcymiueca CK. Ho TyT ke BO3HHUKAeT BONPOC, a HE BIMSCT JIU MX
OuHamuuecKkoe IBWKECHNE HA HAIIM TeJa, U3 KOTOPBIX Mbl MOKEM PEaJIbHO
noctpouth CK, m Ha »3TanmoH e€ pasmetku? W He mnoBiuser I
JUHAMUYECKOE JBMKEHHWE Ha XOJ HallMX 3TajloHHbIX YacoB? WM Ha aTOT
BOIIPOC MBI YK€ OTBETHJIM BbIlIE. Jla, BIuseT.

Ho kpome npsmonmHeiiHO M paBHOMepHO ABwxkynuxci CK Ham
HY)KHBI €l U 9achl B KOKI0M nx Touke, kKak U B ACO, 4TOOBI MBI MOTJIH
U3y4daTh JBUKEHHE. DTH Yachl JOJKHBI OBbITh ATAIOHHBIMU U UX MOKa3aHUs
TOKE€ JOJDKHBI OBITH CcO2naco8anbl MEXIy COOOM C MOMOIIbIO CBETOBBIX
CUTHAJIOB. TOJNBKO TOCIE€ 3TOr0 Mbl TOJy4aeM MW JIMHAMHYECKU
JOBIKYILYIOCS  uHepyuanvhyto cucmemy omcuema (MCO). Ho kak
COTJIacoBaTh MOKa3aHus €€ pa3HOMECTHBIX yacoB, eciiu CK nBmxercs?
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Bor Tyr Hac u BeIpy4aer, u3BeCTHbIM em€ [amunero, npunyun
omnocumenvrnocmu (I10) naeprmansHoTo ABMXkeHUsA. [lo JlopeHma on OB
U3BECTEH TOJBKO JJI YHCTO MEXaHUYECKUX JBHKeHHWWA. Ho M3BecTHbIE B
koHIe |XX Beka skcriepuMeHTanbHble ¢akThl mo3Bomuiau A. I[lyankape
BBIIBUHYTh MocTyJaT, 4To [IO0 MOXHO pacnpoCTpaHWTh W Ha JPYTHE
¢busuueckue spienud. [losromy y JlopeHna M HMCHONB3yeTCs CBET IS
KOOpOuHayuy TIOKa3aHUM Pa3HOMECTHBIX OJTAJIOHHBIX 4YacoB M B
nerxkyteiics CK.

T.e. MBI 3apaHee 3HaeM, 4YTO CKOPOCTh CBETa HE IOCTOSIHHA
orHocuTenbHo  Hammx CK  (mogu€pkuBatro, wumenHo CK  kak
IIPOCTPAHCTBEHHOM CHCTEMBbI M3 XECTKUX Ted). Ho MBI nemaeM pasmeTky
ceoeit MMCO TouHO Tak ke, Kak eciu Obl OHa OblIa peasbHOU
nuHamuaecko ACO, T.e. HemonswxkHoW [8]. Tem cambIM MBI Kak Obl
(ycnmoBHO) ctaBuM cBoro MMCO Ha mecto ACO. U XoTs HHMKaKko#l peaibHOU
CUHXPOHU3AYUYU TIOKa3aHUN YaCOB MbI HE JJOCTUraeM (4achl BOBCE HE UJIYT
B (ase), HO TeM HE MeHee, Mbl IOJYyYaeM BO3MOYKHOCTh HEKOTOPBHIM
00vekmusHbIM 00pazom peructpupoBath ¢usnyecku Bpems B HCO.
[IpyuéM OHO TPUTOAHO [JIsI MATEMATHYECKOrO OMUCAHUS (PUIUUYECKUX
SBJICHU, YTOOBI MBI TIOJIy4YaJId B AUHaMuuecku aprokymieics MUCO Ty xe
(dbopMy 3aKOHOB MPHUPOABI, 10 KOTOPBIM SIBIICHUS M Pa3BUBAIOTCSA CaMU IO
cebe (kak sBIEHUS JIMHAMUYECKHE) B pEaJbHOM  (PU3UUECKOM
npoctpancTBe. B 3tom cyms pacuumpennoro I10.

B kmaccuueckoil MeXaHHWKE, KOTJa Mbl H3ydald OTHOCUTEIBHO
MeJUIeHHbIE (B CPAaBHEHHHM CO CKOPOCTBIO CBETA) JBUKEHHUS Pa3HbIX Tell,
MBI Hcnofib3oBaiau B ABwkymiedcs CK nubo oaHM W Te Ke Yackl, 00
COIJIaCOBBIBAIM IOKA3aHUS Pa3sHOMECTHBIX YacOB 4YHMCTO BH3yajbpHO. U
Jake MmokazaHus yacoB B pa3HbiX CK M0kHO ObLIIO BU3yalbHO COIJIacOBaTh
[0 OJTHMM M TE€M € 4acaM. BO3HMKarolmuye Npu 3TOM NOTPEIIHOCTH B
HAIIUX HW3MEPEHMUSIX BPEMEHU ObUTM YpE3BbIUAMHO Majbl, U HAC 3TO
HUCKOJIbKO He cMmymiano. I[lepecuér koopauHAT KaKUX-TUOO TOUYEUYHBIX
coObIThii oT oaHoi CK Kk Jpyroil BBIMOJHSJICA TPU 3TOM C MOMOILIBIO
M3BECTHBIX MPOCTHIX MpeoOpa3zoBanuii ["anumnes.

Tenepp ke, KOrjja Mbl XOTUM H3y4aTh JIBUKEHUS, CKOPOCTh KOTOPBIX
COM3MEpPUMA CO CKOPOCTBIO CBETA, MBI YK€ TaK MOCTyNaTh HE MOXeEM. MBI
JIOJDKHBl Ha OCHOBE JMHAMUYECKH HHepuuanbHO ABMKymmxcs CK Tak
noctpouth Ham HMCO, B KOTOpBIX OyIOyT NEHCTBOBAaTh YXKe€ Apyrue
npeoOpa3oBaHus KOOPAMHAT MEXKIY CUCTEMaMH - H1peoOpa308aHus
Jlopenya (I1JI). OHM y4YUTHIBAIOT JUHAMHYECKOE HW3MEHEHUE HAIUX

ATAIOHOB MPOTSHKEHHOCTH M Xoda 4vacoB B pasHbix HMCO, a Ttakxke
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YCN06HOCMb «CUHXPOHU3ALMMUY» WX MOKAa3aHWM HA Pa3HOMECTHBIX 4acax,
Ho 310 M mo3BosisieT NepecYMTHIBATH KOOPAMHATHI KAKOI0-J1u00
COOBITHA W MOKA3aHHMS YaCOB B TOYKE COOBITHSI OT JMHAMUYECKHU
asuaxymeiics MCO k ACO, mosayuyass npu 31oM Ty (popMy 3aKOHOB
Pa3JIMYHBbIX ABJIEHMI, KaK ecJu Obl HAIIA cucTeMa M ObLIA peajibHOM
ACO, T.e. uX 00vekmueno peanvuyio (IpUPoaHyw) dopmy. B 3T0M M
3aKJI04aercs NOIMHHBLA cMbic I1O.

YucTo TEOPETUUECKH MBI MOIJIM OBl JI€JaTh TAKHE NEPECUETHI U MEXKITY
pasueiMu UCO, Brmtouyas Ha paBHbIXx B ACO. Kak emeé B cBOE Bpems
nokazan A. Ilyankape, IIJl ¢ maremMaTHyeCKOM TOYKM 3pEHUS HMEIOT
TPYNINOBOM XapakTep. JTa MaTeMaThyeckas Tpymmna Oblla Ha3BaHa
rpymmoit  Ilyankape ¢ mepeMeHHbIM mapamerpoM V  (ycroenas
OTHOCHUTENIbHAsI CKOPOCTh ABYX paccmarpuBaeMmbix CO). OTo o3Hayaer
cleyroniee.

Honyctum, uyto y Hac ecte UCO1 u UCO2, aemwxymmecs B ACO ¢
pa3HbIMU  COOCTBEHHBIMH  CKOpPOCTSIMHU. CBsi3b  MPOCTPAHCTBEHHO-
BpeMeHHBIX KoopauHat oT ACO k MCOI ocymecTBisieTcss ¢ MOMOIIBIO
IJI. EctectBenHo, uTo cBsi3b Mexay ACO nu MCO2 Toxke oCylecTBIsAeTCS
¢ TakumH ke 1o popme I1JI. Ho yauBuTensHo 31ech TO, YTO U CBSA3b MEXKIY
HNCO1 u UCO2, a takxe ot ACO k moboit CO umeer Takymo xe popMmy
ITJI. U Bce oOpatHble npeoOpa3zoBaHusi UMEIOT BCE Ty e GopMy.

B munamuuecku nBmxkymencs MCO e€ pa3HOMECTHBIE Yachl PEaIbHO
He udym 6 ¢paze. OHU HUMEIOT MEXIY COOON peanbHbId CIABUT B CBOUX
MMOKA3aHUSX, 3aBUCAIIMKA OT HMX Pa3MEIIEHUS MO XOAy COOCHIEEHHO20
newxkeHuss UCO. Tloatomy B 1enoM jro0as TUHAMUYECKHU JBHXKYIIASCS
NCO, noctpoennas o npasuiam CTO, npencrasusier co00l HEKOTOPYIO
KECTKYIO MPOCMPAHCHEEHHO-6PEMEHHYI0 KOHCTPYKIMIO. EE yxe Henp3s
pasienuTb Ha TO, YTO MOXKET OTHAEIbHO IPAaBUIBHO HU3MEPATH
IPOTSHKEHHOCTU IBMKYIIMXCSI OTHOCUTEIBHO HEE TEJl, a TAK)KE IIPABUIIBHO
U3MEPATh KaKHe-TM0O @pemenHbl'e TPOMEKYTKH AaKEe MEXIy CBOUMHU
Pa3HOMECTHBIMU COOBITUAMU. Bce e€ ycrnoenvie BHyTpEeHHHE N3MEpPEHUs
MPUHLIHNHAIBHO IPOCTPAHCTBEHHO-BpEMEHHBIE. 1103TOMY Takyro KECTKYIO
IIPOCTPAHCTBEHHO-BPEMEHHYI0  KOHCTPYKLMIO UM CIEAyeT  Ha3BaTh
«mpoctpancTBo-Bpemsi» [4]. Ho wumMenHo Onarojapsi eif, 4epe3 CBOM
OTHOCHTEJIbHBIC KaK Obl M3MepeHus mo oTHomieHuro kK Hed [10], mbr u
MOJKEM TMOJIYYUTh Ty Popmy 3aKoHO8 TPUPOIbI, MO KOTOPHIM OHA HU
passusaemcs. cama no cebe B CBOEM CaMOCTOSTEILHOM (JIMHAMHYECKOM)
CYILIECTBOBAHMM, YTO M €CTh (pu3myeckod cytbio pacumpenHoro I10.
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OnHAaKO HUCHOJB3YEM TaKOE€ YCI068HOE (IPOCTPAHCTBO-BPEMS» MBI JIHIIb
cyrybo Tteopetnueckd. M B 3TOM 3aKiO4YaeTcsl UCTHUHHAS IIEHHOCTh
NpaBUIHHO MIOHMMAEeMO# 1 ipaBuiibHO TpakTyemoid CTO [11].

N nocnennee. Co3naB cBoro OTO, DHWHIITEWH caM K€ U BCTYNHJI B
npoTuBopeure ¢ coboil. OH 0cCO3HajJ, 4YTO peanbHOe (pu3HUecKoe
(IMHAMUYECKOe) TPOCTPAHCTBO Hycmomoui ObITh He MOxeT. Ho oH He
OCO3HAJI TOTO MPOCTOTO (akTa, uyTo e2o mpaxkmoska CTO motepnena npu
3TOM Kpax. @DPu3uueckoe NPOCTPAHCTBO OBUIO HAa3BaHO BAKYYMOM
Gusuueckum (BD). Ho 310 K€ W eCThb MmamepuanvHas OUHAMUYECKAS
cpeda, KOTOPYIO U cleAyeT Ha3BaTh 3pupom. M BcE 6eckOHEUHO OTpOMHOE
MHOJKECTBO AJIEMEHTapHBIX COOBITUH, U3 KOTOPHIX B KOHEYHOM CUéTe U
cOCTOMUT Mup, NpOTEeKalOT B ITOW cCpele MO €€ K€ OUHAMUYECKUM
3AKOHAM CAMOOBUINCCHUS.

JIrobeie CO, KOTOpBIE MOXKHO ceO€ MPEeACTaBUTh, MYCTh JaKe YHUCTO
TEOPETUYECKH, MOTYT OBbITh JUOO JUHAMUYECKH HEMOJBUKHBIMU TIO
OTHOIIICHUIO K MHUPOBOM Cpejie B I€JIOM, JUOO UMETh B HEH HEKOTOpPOE
coocmeennoe (U B ’TOM CMBICJIE a0COJIIOTHOE) JUHAMHYECKOE JBHKCHHE.
Tornma B mepBom ciyudae 310 OyayT ACO ¢ pealbHBIM @u3uyeckum
(IMHAMHYECKUM) MPOCTPAHCTBOM, U (PU3NYECKUE SBIICHUS MO OTHOIICHUIO
K HeMy OyJIyT UMETh CBOE JUHAMUYECKOE onucanue. Bo BTopoM ciyyae ux
OTHOCHTEIILHOE MPOCTPAHCTBO OyaeT cyrybo reoMeTpHuecKuM (peabHO
NyCTbIM), a SBJIEHUS OYIyT OIUCHIBATBCA HO OMHOUIeHU0 K TOHU
JVHAMUYECKOM KOHCTPYKIIMH, HA OCHOBE KoTopou noctpoeHa MCO.

Ecnu npu 3TOM siBneHHME (U3HYECKH B3aUMOJEHCTBYET C «TEJIOM)
NCO, To oHO OyJIeT UMETh U AUHAMUYECKOE OMHCAHWE MO OTHOIIECHUIO K
sToMy Teny. Ecnu ke siBieHue mpotekaeT HezaBucuMo oT tena MCO, to
ero onucanue Oyaer uucmo kunemamuueckum. Ho B moOom ciaydae, eciau
CO Oyaer orBeuatrb TpedoBanusim aABumkyueiics MCO ¢ npasunvno
mpaxkmyemou CTO [11], To B coorBercTBUM ¢ [1O no omnowenuio x
Hell MOKHO NOJIYYUTb Ty :Ke opmy adconrwmuozo OUHAMUYUECKO20
Onucanus A61€Hus, Kak M B Teoperudecku Mmbicaumoin ACO.
Hanpumep, MOKHO y3HaTh, KaK peajdbHO U3MEHSETCSI Macca dJIEKTPOHA MpHU
YCKOPEHHH, KaK peatbHO Ne(HOpMUpPYETCS €ro dJIEKTPOMArHUTHOE T0Jie, U
T.J.

3akJ0ueHue.

Ecnru B Maremarnueckyro wmozaens CTO DOiHIITEiHa BBECTH

meopemuuecku mouicaumyrlo auHamudeckyto ACO, 1O 100yl ero
«nokosimywocss» UCO um ciaexyer ycioeHo ucnoip3o6ams Kak yxe
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peajJibHO U MOCTpPoeHHYI0 ACO ¢ eé eNMHBIM BpeMeHeM, T.e. ¢ KaK Obl
peaJibHO CHHXPOHN3UPOBAHHBIMHM PA3HOMECTHBIMHU YaCaMU, UOYUUMU
6 ¢paze. OTHOCUTENBbHBIE XE& Ogudxcenus ecex ocmanvhvix HCO 10
OTHOULIEHUIO K Takoil ycinoBHOM ACO ciieyer ycioeno paccMaTpuBaTh Kak
peanvhole ounamuueckue (1.e. coocmeennvie, unu avcorromusie). Torna
Bo Bcex nBwkymmxca MCO u Bce penstuBucTckue 3(G(EeKThl ciemyeT
paccMaTpuBaTh Kak peajibHble M a0contoTHbIe (quHamuyeckue). To ecTh
u3 a060it «mokosimeiics» MCO Mbl MOKeM Kak 0bl ygudems TO, YTO
NeHCTBUTEJBLHO MMeeT MeCTO NPH JAUHAMHYECKOM CAMOJABMKEHUM B
peajbHOM (PM3MYECKOM IPOCTPAHCTBE, YTO M siBjasercs cyrbio I10.
Tem caMbIM MBI BEpHEM B TEOpHIO €€ (U3MUECKOE COJEpIKaHHe, KOTOPOe
OBLJIO MOAMEHEHO DUHINTEHHOM BBITEKAIONUMU U3 d(PUPHONU TEOPUH YHCTO
MaTEeMaTUYECKUMH CIIeACTBUAMU. HyXHO OCO3HaTe 3TO W ucnpasumo
mpakmogky CTO, 4TO IPEKPATHUT U BCE 3aTSHYBIIUECS CIIOPHI BOKPYT HEE.

CchuIku:

1. FOxumen A.K. @u3ndeckoe NpoCTPaHCTBO U ABUKEHUE MAaTEPUH B
uém. http://www.sciteclibrary.ru/rus/catalog/pages/10178.html

2. FOxumen A.K. Kak HempoTHBOPEYMBO MOHUMATD «IIPOCTPAHCTBOY.

http://www.sciteclibrary.ru/rus/catalog/pages/6891.html

3. FOxumen A.K. MI3aMeHneHnne pu3nyecKkux 3TaIOHOB MPU JIBUKEHUHU.

http://sciteclibrary.ru/rus/catalog/pages/10620.html

4. IOxumen; A.K. IIpoctpaHCTBO-BpeMsl B ClIEIUATBHOW TEOPUH
OTHOCUTEIBHOCTH.
http://www.sciteclibrary.ru/rus/catalog/pages/10857.html

5. FOxumen A.K. Jlornueckue npotuBopeuns B TpaktroBke CTO
DunmreitHoM. http://www.sciteclibrary.ru/rus/catalog/pages/10689.htmi

6. FOxumen A.K. DdupHnas npupoja 3J1eKTpUIecKoro 3apsia u
anextpona. http://sciteclibrary.ru/rus/catalog/pages/13671.html

7.T. A. Jlopenu. Teopus anektponoB. M. TUTTIJI, 1953.

8. IOxumen A.K. CurnanpHas npoieaypa CBEpKU MOKa3aHUH
pasznomecTtHbIXx yacoB MCO B CTO.

http://www.sciteclibrary.ru/rus/catalog/pages/14844.html

9. A. Diiamrreiin. Cobpanue Hayunbix TpyaoB (CHT), 1. 2, M. Hayka
1965r.

10. FOxumen A.K. ITpuniunuanpabie OMUOKH B TPAKTOBKE U
uznoxxenuu CTO. http://www.sciteclibrary.ru/rus/catalog/pages/12185.htmi

11. FOxumen A.K. MeTo1010rn4eckrue OCHOBBI TPABUIILHON TPAKTOBKHU
CTO. http://lwww.sciteclibrary.ru/rus/catalog/pages/14284.htmi

17


http://www.sciteclibrary.ru/rus/catalog/pages/10178.html
http://www.sciteclibrary.ru/rus/catalog/pages/10178.html
http://www.sciteclibrary.ru/rus/catalog/pages/6891.html
http://sciteclibrary.ru/rus/catalog/pages/10620.html
http://www.sciteclibrary.ru/rus/catalog/pages/10857.html
http://www.sciteclibrary.ru/rus/catalog/pages/10689.html
http://sciteclibrary.ru/rus/catalog/pages/13671.html
http://www.sciteclibrary.ru/rus/catalog/pages/14844.html
http://www.sciteclibrary.ru/rus/catalog/pages/12185.html
http://www.sciteclibrary.ru/rus/catalog/pages/14284.html

