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AHHOTANUS
Maremartuka cHeqUalbHOM TEOPUM  OTHOCHUTENBHOCTH  NPUHLMIIMAIBHO  HEONPOBEPKHUMA.
[locneaHsas BO3MOKHOCTb MPOTUBHUKOB PEISITUBU3MA - 3TO MOMBITATHCS MOKA3aTh HECOOTBETCTBUE
marematuyeckoid Teopun CTO peanbHoMy ¢usnueckomy wmupy. CyllecTByeT KBaHTOBas
HEJIOKAJIBHOCTb, KOTOpas TpeOyeT Haluuus CBEPXCBETOBOTO areHTa — TaXxWOHA, KBAHTHUHO.
CaepxcBeroBasi MH(pOpMaLKsl OTBEpraeT MHBApPUMAHTHOCTb CKOPOCTH CBETA M MO3BOJISIET MOKA3aTh B
peanbHOM (hU3MUYECKOM 3KcrepuMeHTe, uTo vackl Bo BceXx MCO uAayT CHMHXpOHHO, OTBepras Tem
cambiM BTOpoi mnoctynatr CTO. CnenoBarenbHO, clefyeT OXKMAATH U JIPYTHX DKCIEPUMEHTOB,
KOTOpBIE NPSMO MOKAXKYT HE MHBAPUAHTHOCTb CKOPOCTH CBeTa. B cTaThe paccMarpuBaeTcs OAUH U3
BO3MOJKHBIX 3KCIIEPUMEHTOB, ONPOBEPraroUIMX BTOPOM MOCTYIAT.

I'anakTH4eckuii NaHOPAMHBIH cIHIOMETP

Kak normyeckoe ciaeacTBMEM MNpPHUHLMIA MOCTOAHCTBA CKOPOCTM CBETa, CleAyloliee
YTBEp)KJEHUE  sABIseTCs  Haubojiee  «yJOOHBIM»  [UId  TpPOBEPKM  ClEUUATbHONH  TEOpUHU
OTHOCUTEJIBHOCTH, TMO3TOMY €€ KpHUTUKaM clieflyeT oOpaTUTb Ha HEro camoe MpPUCTaIbHOE
BHMMAaHHUeE:

«Hukakum @usuueckum 3KcnepumeHmom, npo6eOeHHbIM 6 UHEPUUATIbHO O8UMCYujelica
Jnabopamopuu, Henb3A YyCMAHOBUMb CKOPOCHb NOCTICOHE.

Ecnu ynactea onpenenuts cocrosHue asmxkeHus usHytpu MCO, To 3TO yTBEp)KAEHUE H,
aBTOMaTuyecku, Bce apyrue nojoxeHus CTO craHoBsTcs owmOOuHbIMU. Takoe aBUKEHME,
OUEBUJIHO, MOXKET OBITb TOJIBKO a0COJIOTHBIM, OHO SIBHO MOATBEP)KAAET Haluuyue aOCOJOTHOM
CHCTEMBI OTCUéTa, KoTopas cama 1o cebe (04eBMAHO) HemojABMKHA. BO3MOXKHOCTH ompenesneHus
apwkenus u3 MCO craBuT noj yaap Apyroi BaXKHbI NPUHLMIN pEISATUBH3MA — MPUHLIKI
9KBUBAJIEHTHOCTU. ONpeaennuTb NpUpoay WHEPLUUOHHBIX CUJI CTAHOBUTCSA BO3MOXHBIM — TO JIM 3TO
rpaBUTALIOHHbIE CUJIBI, TO JIU 3TO CHWJIbI, BbI3BAHHBIE YCKOPEHHBIM JIBUKEHHUEM CUCTEMBI OTCUETA.
Takum oOpas3om, B mnomnbiTkax onpoBeprHyTb CTO ecTb TOJABKO OJMH MyTh: MOKa3aTb €&
HECOOTBETCTBHE pealbHOMY MHUPY, MOKa3aTh, YTO MPUHLMI MOCTOSTHCTBA CKOPOCTH cBeTa (MPUHLMIT
OTHOCHTEJIEHOCTH) HEBEPEH, YTO MOYHO OTpeIeNUTh cocTosiHue aABmkeHust UCO u3HyTpH.

OneITel 3T - €IMHCTBEHHOE peajbHOE HAMpaBJICHHE B JeJie MPOBEPKUM COOTBETCTBUS
maremaTnk CTO ¢usznyeckomy mupy. [lpu 3ToM MMerowiyecs B HallM AHW TEXHUUYECKUE CpPeICTBa
MO3BOJISIFOT CKOHCTPYMPOBaTh KOMIIAKTHYHO YCTAHOBKY Juld Takoil mnposepku. Ha3oeéM Takoii
npubop ranaktuueckuM naHopamubiM crimpomerpom (I'TIC). Hasanuwe otpaxaer TOT akt, 4To
pe3ybTaTOM H3MEpeHUil 3TUM NpubOpOM SBJSETCS €ro BEKTOpP CKOPOCTH B a0COJIOTHOM
rajJJakTU4E€CKOM MPOCTPAHCTBE.

[lo cnoxuBleiics Tpaauuuu uccleayeMblii npubopoM mnapamerp OyaeM Ha3blBaTh
<«a(UpHBIM BeTpoM». BekTop V cKopocTH 3MPHOro BeTpa, OYEBUIHO, HAMpPABIEH MPOTUBOIOI0KHO
BEKTOPY CKOPOCTH JIBUIKYLIEHCS CUCTEMBI.
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Puc.l. Cxema eanakmuuecko2o naHopamHoz2o cnuoomempa. Jlasep u Mampuya dcecmko 3aKkpeniensl Ha niamgopme,
KOMOpas 3aKpulma KOXCYXom 0151 3auumel OM IUSHUS BHeULHell cpeobl.

[TpubGop (u3meputens) npeacraiser coboit miardgopmy mimHON 1 MeTp (31ech U naniee Bce
pasMepsl U XapaKTepUCTUKH OPUEHTUPOBOYHBIC), HA OJJHOM KOHIIe KOTOPOU 3aKperuieH Ja3ep, a Ha



Apyrom — cBerouyBcTBUTeNbHas Martpuua WEB-kamepbl. Jlyd or nasepa ¢okycupyercs Ha
MaTpHuLie, Ul Yero OH JA0JDKEH ObITh JOCTATOYHO OCTPBIM, YTOOBI MATHO Ha MOBEPXHOCTH MATPHLIBI
OBbIIIO KOHTpacTHBIM. Bcesi cuctema momeraercss B KOpoO A/ 3allUThl OT MOCTOPOHHErO CBETa,
JBMOKEHUS BO3JyXa M T.II.

HazoBém usmepumenvroii nnockocmeio mpudopa miaockocts mumenn X0y, To ecTb
MJIOCKOCTh 3KpaHa, Ha KOTOPBIil MONajaeT, MpoeuupyeTcs Jiyd W sazepa. ITOT Jyd MOXKET MONacTh
B JO0YI0 TOYKY MMIIEHM B 3aBUCHMOCTH OT HampaBieHus 3¢upHoro Berpa (HampaBieHus
JBWXXEHUs CUCTeMbl B 3¢upe), ModTOMYy NpHOOp sBJIAETCS MaHOpPaMHBIM, KpyroBbiM. Jlunuto z0,
MPOXOJALIYIO Yepe3 LEeHTPbl MUILLECHH U Ja3epa, Ha30BEM 21a6HOtl 0cblo npubopa. ' opru30HTaIbHYIO
ock X0 Ha30BEM usMepumenbHOll 0cblo, OTKIOHEHUE TATHA JIa3ePHOro Jiydya MO 3TOH OCH ABIAETCS
OCHOBHOM LIeJIbIO U3MepeHHs. B MCXOJHOM COCTOSIHMM JTyd Ja3zepa HarpaBiieH BJOJb INIaBHOW OCH
npubopa. Ha muenu 0yayt oroOpaxkaTbesl B «palapHOM>» BUJIE BCE BEJIMUMHBI CKOPOCTEH mpudopa
B TpocTpaHcTBe (3(UpHOro BeTpa): MpU M3MEHEHWH HamNpaBlieHUs pUOOpa OyAeT OTKIOHATHCS M
TOYKa Ha MaTpHuLe.

B npouecce mmepenust adpupHOro BeTpa n3MeputenbHyo ock X0 Bpalaem B MPOCTPAHCTBE
TaKuM O6p330M, YTOOBI MOJyYuTh HAa MHUUICHU MaKCUMAJIbHOEC OTKJIOHCHHE Jiydya MO OCHU x0. HpI/I
9TOM OTOOpaKarOIUECS HA MUIIEHU BEJIMYMHBI OTKJIOHEHUH JIa3€pPHOrO Jiyya - OTPE3KHM OT LIEHTpa
MUIIEHU [0 IM4ATHA, NPUHUMAIOTCA pPaBHBIMU MPOCKIHMHU CKOPOCTU Ha TIJIOCKOCTH MUIIEHU C
TOYHOCTBIO JI0 TOCTOSTHHOTO MHOXHUTens. [lpu muHe nyda 1 MeTp okujaeMoe MakCMMalbHOE ero
OTKJIOHEeHHe Jiy4a (MoJToBMHA pa3Maxa) J0JKHO OPUEHTUPOBOYHO COCTaBUT:

Xmax = 1000 * 200 / 300 000 = 0,64,

Wi (H
1000 —pnuHa nyda, MM
200 —makcuMasibHas oKuaaeMas CKOpoCTh 3eMJIM B MPOCTPAHCTBe (rajakTuueckas), Km/cex
300 000 -exopocTh cBeTa, KM/cek

CBeTOYyBCTBUTE/IbHAS MaTpula uMeeT pasmepbl 1/6" - 1/3" MM ¢ uucioM mnuKcenei
320x240, 128960 u 6onee, uto cocraBiseT nopsaka 100 Touek Ha MWIIMMETP W TMO3BOJISET
0KHJAaTh JOCTATOYHO BBICOKYIO TOYHOCTh U3MEPEHUH.

«PanapHoe» oToOpakeHHe pUCYeTCs Ha MUIICHHM JIyuoM Jiazepa JIM0o B Mpolecce BpalieHUs
npubopa BOKpyr paboueti ocu YO (ObICTpoe MOJyuyeHUe TPAeKTOPHHM), TUOO B Mpolecce BpalleHUs
npubopa BMecte ¢ 3eméi (MeasIeHHOE MOJyYeHHe TPAEKTOPHH).
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Puc.2. Cxema osuodicenus 1yua npu spaweHuu niamgopml 80Kpy2 eepmuranvroll ocu. Ilamuo nyua nazepa W 00mx#CHO
0CMABNAMb HA MUWEHU CIPO20 20PUOHMATLHYIO TUHUIO.

Ecau BekTop ckopocTH 3(HUpHOro BeTpa He JeXUT B miockocth X0z, To npu MoJHOM
obopore mnpubopa BOKpyr padoueid ocu YO nyuy jasepa W HauepTUT Ha 3KpaHe OTPE3OK,
napaJiienabHbli ocu X. O4eBUIHO, UTO MPU YKa3aHHBIX YCJIOBUAX BpalEeHUs MPUOOpPa JIyd HE MOXKET
OTKJIOHATBCA MOJ YIJIOM K 0CsIM KoopauHaT. Tpaekropus jyua npu BpalleHUU npudopa BOKPYr OCH
y0 noskHa ObITH cTporo napanienbHa ocu X0. JleficTBuTeNnbHO, Kak Obl HU OblT B MPOCTPaHCTBE
HaIpaBJjieH BEKTOP CKOPOCTHU V, €ro npoekuus Ha ocb BpaueHus YO OyaeT HeM3MeHHOM: Vy = const.
B 3aBucumocTu ot HanpasieHus ocu X0 OyIeT U3MEHATBCS TOJIBKO MPOEKLMSA BEKTOPA CKOPOCTH Vy
Ha 3Ty OCb!



Puc.3. B npoyecce spawjerusi nnamgopmel 60Kpy2 8epmuKaibHOl OCU KOHeY 8eKmopa ckopocmu Nl 8 cucmeme omcyema
naamgopmel onucvisaem oxkpydicHocms 1. [Ipoekyus 6exmopa ckOpoCHL HA OCb 6paujeHUs \y uMmeenm HeusMeHHoe
3Hauenue. Benuyuna npoexyuu exmopa ckopocmu \ly Ha 0Cb X 3a8UCUM OM HANPABTIeHUs SMOIl OCU 8 NPOCHMPAHCIEBE.

[lpu BpaieHMW HM3MEPUTENBHON TIIOCKOCTH S (MumieHn) BOKpyr ocu YO Mpou3BOJIBHBIN
BEKTOp V HMMEET C JTOM OCBIO HEU3MEHHBII YroJl, MOCKOJIbKY IJIsl 3TOW OCHU M BEKTOpa IpuU
BpalleHW HU4Yero He wusMeHsercs. CrenoBaTeNbHO, BEKTOP V CBOMM KOHLIOM OIUCBIBAEeT
OKPY’KHOCTb I' B IJIOCKOCTH, NapaienbHoi miockoctu X0Z.

Llenbto HKCMEPUMEHTOB HAa OCHOBE TallaKTUYECKOTO CIUAOMETpPA ABIISETCS MOJYyUYEHHE
CJIEeIYIOLIUX PE3YIbTaTOB:

1. Peructpauus kak (akta OMIKIOHEHUA Ja3epHOro jyda. DTOT (PaKT MOXKHO TpPaKTOBAaThb Kak
HaJmuue 3(pUpHOro BeTpa.

2. Peructpauust eenuuun OTKJIOHEHMs Ja3epHoro Jyy4a. OxKuaaeTcs, 4YTO MaKCHMalbHOE M3
3HAQUYEHUI ATUX BEJIMUUH OYyAET UMETh 3HAYEHHE, COOTBETCTBYIOLIEE CKOPOCTH JABMKEHUS 3EMIIN
B abCOIFOTHOM TpocTpaHcTBe nopsiaka 200km/cek.

3. Peructpauust Hanpaenenuili MakcUMajbHOIO OTKJIOHEHMH naszepHoro jyda. Oxupaercs, 4To
OJIHO W3 HampaBlieHWil OyAeT COOTBETCTBOBATH HANpPABICHHWIO IBIXKEHMS 3eMiM (BMecTe ¢
COJIHEYHOM CHCTEMOM) B rajJakTHYeCKOM MPOCTPAHCTBE B CTOPOHY co3Be3us Jlebens.

Bce aTH pe3ynbraTbl MOTYT OBITH MOJIyYEHBI B YCJIOBHO <3aKpPBITOM>» MOMEILEHUH, YTOObI
UCKJIIOYUTb BO3MOXKHOCTb MOJIyYeHUs] W3 JAPYI'MX HWCTOYHHMKOB HH(OpMALUMK O CKOPOCTH U
HarpasleHUH ABHKeHUs 3eMiu. M 310 Oyaer OeccriopHBIM OMPOBEPIKEHUEM YTBEPHKAEHUS O TOM,
4yro <«Hukakum Quauveckum IKCNePpUMEHMOM, HNPOBEOCHHLIM 6 UHePYUATbHO OBUNCYUIeTICs]
nabopamopuu, Helvb3s YCMAaHO8UMb CKOpOCMb  nocieOHeuw». MeToauka 53KcCrepuMeHTa  Juis
MOJTyY€HUsl IEPEYMCICHHBIX PE3YJIbTaTOB BKIIKOYAET CJIELYOLIUE ATAIIB.

1. KoHcratauust cyuiectBoBaHus 3(upHoro Berpa. CBUIETENBCTBOM €ro HalWuus  SBISETCS
OTKJIOHEHHME Jyya Jla3epa NpU «CKAHUPOBAHMW» TaJlaKTUUECKOrO IPOCTPAHCTBA BO BCEX
HarpasJIEHUAX, TO €CTb MMOBOPOT U3MEPUTENILHONW OCU X MOCJIEA0BATEIBHO BO BCEX BO3MOXKHBIX
HarnpaBJieHUsAX. «YBjeueHue» 3¢pupa cuntaem omInOOUHON runore3oi. OTCYTCTBUE OTKIOHEHUS
Jyda jazepa oTBepraeT rmrnoresy O CyLeCTBOBaHUM 3(pUPHOTo BeTpa.

2. OnpeneneHue MOJTHOTO pa3Maxa OTKJIOHEHUs jy4da. [loBopaunBas mpubop Bokpyr paboueii ocu
yO (BepTuKambHas OCb), ONpeAeNsieM JBa TOJIOKEHHs, B KOTOPBIX OTKJIOHEHHS Jiy4a Jiaepa Mo
uzmepuTenbHoit ocu X0 MakcumanbHbl. 3ateM noBopaunBaeM ock X0 B cpeHee MoJokKeHue, B
KOTOPOM OTKJIOHEHHE MO 3TOW OCH PABHO HYJIO. OTO [MOJIOKEHUE O3HA4YaeT, 4TO BEKTOp
CKOPOCTH 3(PMPHOTO BETpa JIEXKUT TOUHO B miockoctu X0z. B 31oii niockocT 3emis ABHKETCS B
a0COJIFOTHOM MPOCTPAHCTBE K TOUKE, KOTOPAsk TAK)KE HAXOAUTCS B 9TOW MIOCKOCTH.

3. Bpammaem npubop Bokpyr ocu X0 10 MOMeHTa, KOr/ia jla3epHblid Jiyd OyJeT HampaBjieH TOUHO B
ueHTp koopAauHaT XOy. DTo 03HauaeT, 4YTo BEKTOP CKOPOCTH 3(PUPHOro BeTpa TOUHO MapasiesneH
ocu z0.B stom HanpaBieHuu 3emiis ABUXKETCS B aOCOJIIOTHOM MPOCTPAHCTBE K TOUKE, KOTOpas
TaKXKe HaXOJAUTCS Ha 9TON JIMHUH.

4. Tenepsb BpauieHue BOKpyr ocu YO Mo3BOJIMT HalTH HanOoJiblllee OTKIOHEHHUE Jiyya Jla3zepa 1o ocH
X - 3TO M €cTb MOAYJIb BEKTOpa CKOpOCTH 3(upHOro Berpa. OTKiIOHeHHE BOKpyr ocu YO B



oOpaTHOM HamnpaBJeHUM JAaCT TaKOHW e Mo BeIMYMHE MOAYJb BEKTOpa CKOPOCTH, HO €
NPOTUBOMOJIOKHBIM 3HAKOM. DTOT YIBOEHHbIH MOAYJb MPOMNOPLHOHATIEH CKOPOCTH 3(pUpHOro
BeTpa, KOTOpas paBHa CKOpocTH 3emiin B abcotoTHOM mnpocTpaHcTBe. KoapduumeHt
NPOMOPLMOHATBHOCTH ONpeesieTCs] KOHCTPYKTHBHBIMU MTapaMeTpaMu YCTaHOBKH.

Hanuuue cBeTOYYBCTBUTEIbHOM MaTpHLbl MO3BOJIAET OCHACTUTh YCTAHOBKY HOYTOYKOM
(HeTOykoM) 1yt 0OpaboTku 1MppoBoit nHPopMamu. [Ipu 3TOM MOKHO BPyUHYIO «CKaHMPOBATHY
NPOCTPAHCTBO, B pealbHOM BpeMEHHM HabJlo[as Ha 3KpaHe HamnpaBjeHWe U 3HaueHue 3(PUpHOTo
BeTpa. DTy HMH(popmalMi0O MOXHO OTOOpakaTh, Hampumep, B BHUJAE CBOEOOpa3HOro Komriaca:
Bpaularolierocss He00CBOa, Ha KOTOPOM OKa3aHa TOYKA, B KOTOPYIO HAIpaBJieH BEKTOP ABUKEHMUSI
3emuu.

B kauectBe wu3MmepuTens BMecTO MaarGopmMbl € MaTpULEd MOXKHO MCIOJb30BaTh
JUIMHHO(OKYCHYIO (poTOKaMepy, «HaLENeHHYI0» Ha KOHTPACTHbII 0ObEKT WIIM TOUEUHbII HCTOUYHUK
cBeta. Pa3penieHne coBpeMeHHOM KaMepbl HACTOJIBKO BBICOKO, YTO TaK)Ke MO3BOJIUT 3aUKCUPOBAThH
CMelleHre U300pakeHus 1Mo AeicTBUEM 3(pUpHOTO BETpa.

OcHoBaHus /IIsl IPOBEPKH BTOPOro MOCTy.J1aTa

Bo3Hukaer pe3oHHBbII BOnpoc: a 3aueM HY)KHO NMpOBepsATh BTOpoil moctynar? Pa3se ecTb
COMHEHMs B ero cnpaBeaauBocTh? [ToHATh MpuunHbl coMHeHuit B npaBuibHOocTH CTO Ha 3ape eé
co3/laHus el Kak-To MokHo. OJ1HaKo, U B HaIllK AHHU, cTojeTue criyctd, korga CTO yxe nomyuuna
MHOTOYMCJIEHHBIE TOATBEP)KACHUS, HE NPEKpallaloTcs TMOMBITKH €€ ONpOBEPIKEHUs Kak
«MBICJICHHBIMU», TaK M KOHKPETHbIMH (U3MYECKUMHM 3KcrepuMeHTamu. Ho  MbIcieHHble
HKCMEPUMEHTBI BCErja OKa3bIBalOTCS OLIMOOYHBIMU, U MPAKTUUYECKU BCE KOPPEKTHbIE (U3MUECKUe
JKCIMIEPUMEHTOB HEU3MEHHO MoKa3biBatoT npaBuibHOCTh CTO. Tak Hy»KHO M BOOOLLE MBITATHCS
MCKaTh OLIMOKM B TaKkoil Teopun?

Buaumo, HyxHo. He3HauuTenbHOe uyMCIO (DU3NUECKMX BKCMEPUMEHTOB 3adUKCHPOBAIU
3aMeTHble OTKJIOHeHUs oT BbiBOJoB CTO, B €€ BropoM mnoctyinare. CKOpOCTb CBETa 3aBUCUT OT
CKOPOCTH JIBUXKEHUS] UCTOYHUKA, TO €CThb HE SIBJIAETCS MHBApUaHTOM. Takue BBIBOJBI CIEAYIOT W3
onbiToB MapunoBa, llITeipkoBa, ["anaesa u apyrux [3, 5, 6, 7, 8, 13, 15, 16PTu BeIBOIBI, ClleAYET
Npu3HaTh, caMU MO ce0e BBI3BIBAIOT HEJOBEPUE, MOCKOJbKY DKCIEPUMEHTBI BBIIIOJHEHBl B
JOCTaTOYHO CMOPHBIX yciaoBUsAX. Ho, HE cMOTps Ha ATO, HIKCMIEPUMEHTBI MOKA3bIBAIOT yCTOWYMBBIE
pesyabrathl, nportusopevamue CTO. Hampumep, B 3THX ONbITaX MOMKHO SIBHO ONPEAEIUTH
HanpasieHue JBuwkeHuss MCO. XoTs TOYHOCTH M HE BBICOKA, HO 3TO HAINpPAaBJIEHHE SBHO HE
BBINIIAUT KaK CilyyailHOE COBMAaJeHUE. DTO Y)KE JOCTaTOYHOE OCHOBAaHWE AJIsl MPOBEAEHMS
MOBTOPHBIX MPOBEPOK, SKCHEPUMEHTOB C HCMOJb30BaHMEM O00Jieeé TOUHBIX M UYYBCTBUTENBHBIX
npudopoB.

C npyroii ctopoHbl, MPUOIMKEHHBIM, HE TOUHBIM SIBJISETCA U elE OJHU (YyHAaMEeHTaIbHbIHI
NPUHLMIT - MPUHLIMI SKBUBAJIEHTHOCTU. B TO# *e mMepe, UTO M 3aMeHa KOPOTKOro yyacTka KpHUBOii
JHMHUM MPSMBIM OTpe3koM. VMes nocTaTouHO BpeMEHM M 3HEpruM BCerja MOXKHO OTJIMYMTH CUIY
rpaBuTaUMM OT cujbl MHepuuu. [lepBast Bcerma sBAsieTCs LEHTpalbHOM CHUJIOW, a BTOpas —
napajienabHoil. JIBurasch NeprneHAMKYJIpHO HAMpaBAEHHUIO 3THX CHUJ, B TEPBOM Cllydae Mbl
o0Hapy»K1M BpallleHHe BEKTOpa CHJIbI, KOTOpasi BCEr/la HarpaBjieHa K HEKOTOPOi TOuke — LIEHTPY
rpaBUTHPYIOLLEH Macchl, @ BO BTOPOM cllydae HampaBJeHUE CHUJIbI Bcerja OyaeT 0JHOCTOPOHHUM,
napaJijiesabHbIM HalpaBJIeHUIO IBUOKEHUS.

[IpyHUMIT OTHOCUTENBHOCTH, B CYIIHOCTH, SBISETCS TOCTYJIATOM, KOTOpBIA peajbHO
NPOBEPSIICS JMLIb KOCBEHHO, U1l OTJCNIbHBIX BecbMa creuuduueckux yciaouil. [IpoBepka xoTs Obl
yacth (¢uszndyeckux 3akoHoB B MCO, aBmxkylueidcs Mo OTHOLIEHHIO K 3emiie €O CKOpPOCThIO,
Harpumep, 6oJiee MoJOBUHBI CKOPOCTH CBETA, MOKa ewlé He MPOBOAMIACk. Mbl IPUHUMAEM €ro Kak
Y MPUHUMAIOT MOCTYJaT: Ha Bepy. B cylIHOCTH, NPUHLMIT NOCTOSHCTBA CKOPOCTH CBETA SIBJISETCS
OJIHOH 13 GopMyaUpOBOK 3TOro nocrynara: B goboid MCO ¢GoTOHBI ABMKYTCS ¢ OAHOW M TOM ke
ckopocThto. OIHAaKO, BO3HMKAET BECKOE OCHOBAHWE NMPOTHUB 3TOrO: KBAHTOBAs HEJNOKAJIbHOCTb. O



TOM, YTO KBAHTOBAs MEXaHUKa HECOBMECTMMa C TEOPUENl OTHOCUTENIBHOCTH, FOBOPUIIOCH MHOTO U
nasHo [1, 2, 4, 9, 14].JleiicTBUTeNbHO, MTHOBEHHOCTh TEpeAaud <«KBaHTOBOW HMHQopMaLn»
HECOBMECTUMA C MOCTYJIATOM O MPEIEIbHOCTH CKOpOoCcTH cBeTa. [IpoTuB 3TOro no 0osbmomMy cuéry
BbIJBUraeTcs JiBa OnpaBiaHus. Bo-nepBbiX, KBaHTOBas MHQopMmauus (OpMaibHO He Mepenaét
KJ1accuyeckoi MH(pOpMaLMKU, KOTOPYIO MOKHO M3BJIeUb. Bo-BTOpBIX, CBEpXCBETOBbIE MEPEMELLEHHSI
ABHBIM 00pa3oM TeopHuell OTHOCUTEJBbHOCTH HE 3alpellieHbl. JTH omnpaBAaHus olnOouHbl. Bo-
NEPBBIX, 3aMyTAHHOCTb SBHBIM 00pa30M MO3BOJISIET CUHXPOHU3UPOBATh Yackl B Arxkummxcs MCO
M, TeM caMbIM, JAEMOHCTPYpYyeT, 4TO dachl MAyT cuHxpoHHO [9, 10]. Bo-BTOphIX, TEopus
OTHOCUTEJILHOCTH HECOBMECTMMA CO CBEPXCBETOBBIM JBMKe€HHEM. [Ipu HanuMuuu cBEpXCBETOBOTO
IBWXEHUs (TaXMOHA) TEOpUsi OTHOCHTENIBHOCTH MAaT abCypAHble NpeACKa3aHus OT MHHUMBIX
(GU3MYEeCKUX XapaKTepUCTHK 10 MepeMelleHls BO BpeMEHW W HapyuieHus npuuuHHoctH [11,12].
Hanpumep, xopo1uo n3BecTHble ypaBHeHUs JlopeHLa /11 COKpaLleHus AJIUH ABUKYLIMXCS OTPE3KOB
Y TE€MIa X0/1a YaCOB MPUBOJAT K MJ0X0 OOBICHUMBIM MHUMbIM BEJIMYMHAM:

L'=L1/1—V—z=iyL; t'=t1/1—"—z=iyt (1)
C C

rze y - JJOPEHLEB MHOXUTEb.

KBaHTOBas HenokalnbHOCTH TpeOyeT Haiuuus (PU3MUYECKOro HOCUTENIsl KBAaHTOBOM
MHpOpMaLUM, KaKUMU Obl HM ObUIM €€ BHEIIHWE TMpOosiBIeHUS (BEPOSATHOCTHBIN Xapakrep). DTo
cielyeT U3 CTaHAApTHOM MOJEIM B3auMOJAEHCTBUI M yacTull. KaxxaoMmy BHIy B3aMMOAEHCTBUS
COOTBETCTBYET TOT WJIM UHOI HOcUTENb. CUIIBHBIE B3aUMOJEHCTBUS OCYLIECTBIISAETCS OCPEACTBOM
IJII0OHOB, cl1aboe — 6030HOB, J1EKTPOMAarHUTHOE — (JOTOHOB U I'PABUTALMOHHOE — IrpaBUTOHOB. To,
YTO JIB€ 3aIllyTaHHbIE KBAHTOBBIE YACTHULbI OCYLLECTBIIAIOT «CUHXPOHU3ALMIO» CBOUX COCTOSIHUE CO
CBEPXCBETOBOM CKOPOCTBIO O3HA4aeT, 4YTO HU OAMH U3 TMEPEUYUCIIEHHBIX «IEPEHOCUUKOBY
B3aUMOJICHCTBUII HE MOXET OCYLECTBUTHL 3Ty omnepauuto. CnenoBaTesibHO, 0€3yClIOBHO, JOJIKEH
OBbITh €IIE KaKOW-TO, CBEPXCBETOBOM MEPEHOCUUK. TaKMM MEPEHOCUMKOM MOKET ObITh TaXMOH. Ho
3T0 0000LIEHHOE Ha3BaHWE CBEPXCBETOBOI yacTHubl. J{1d KBaHTOBOKM MH(pOpPMAaLMKU MOXKET ObITh
UCIOJIb30BaHO 0oJiee MOXOA1ee Ha3BaHUE — KBAHTUHO, BIIEPBbIE UCIMOJIb30BaHHOE BeliHukoM. Cam
(aKT cylecTBOBaHUs HEJOKAIBHOCTH, 3aITyTAHHOCTH TpeOyeT Haluuus TaXMOHa, KBAHTHHO, TO €CTh
MOJKET pacCMaTpUBaTBLC KaK J0Ka3aTeIbCTBO UX CYLIECTBOBAHU.

@akT CyulecTBOBaHMS TaxvoHa HecoBMecTUM ¢ Martemarukoir CTO — e& BTOpBIM
nocTynatoM. MIHBapMaHTHOCTb CKOPOCTM CBETa MMEET CIEACTBUEM €€ MpelesibHOCTh. OmuoKoii
ABJIAETCS YTBEPIKAEHHUE, YTO TEOPUS OTHOCHUTEIBHOCTH HE 3alpellaeT CBEPXCBETOBLIE CKOPOCTH.
Jlerko nokasatb, 4To J1100asi CBEPXCBETOBASI CKOPOCTh JIEJIAET HEBO3MOXKHBIM MHBAPUAHT CKOPOCTH
cBera [12]. [leficTBUTENbHO, PACCMOTPUM <II03JIEMEHTHO» OJIHO M3 ypaBHeHWii JlopeHua, yacto
BCTPEYAIOILMXCS B JIMTEpaAType:

()

OnuiiemM BeAMYMHBI, BXOAAIIME B MOJKOPEHHOE BBIPAXKEHHE TMOJHBIM, Ppa3BEPHYTHIM
TEKCTOM:

¢ - 9TO CKOpPOCTh CBETa, MHBapUaHTHasl BEJMUMHA, 3HAUEHHE KOTOPOH HEM3MEHHO, U3 KaKoii
Obl cUCTEMbI OTCUETA Mbl €€ HU (PUKCUPOBAIIH;

V - 3TO CKOpPOCTb MHEpPLMAIbHON CUCTEMBbl OTCU&TA, ABMXKYLUEHCS OTHOCHUTENBLHO YCIOBHO
HEMoABUKHOM CUCTEMBbI, U JUITMHA KOTOPOW ¢ TOYKM 3pEHUSI HEMOABUIKHON CUCTEMBbI BBIUMCIIAETCS B
9TOM ypaBHEHUHU.

CornacHO mnpaBuilaM TEOPUM OTHOCUTEIBHOCTM HWHEpLUalbHAs CHUCTEMAa OTCUEeTa
NpeJcTaBiseT CO0OH, YCIOBHO TrOBOps, HEKOTOPYIO TENEKKY, C KOTOpOH CBs3aHa cucTemMa
KOOpAMHAT, W Ha KOTOpOH ycTaHOBJeHbl uvachl. OTcroga cpa3dy 3Ke ¢ JaleKko HIyLIUMU
MOC/EJCTBUAMM CTAaHOBMUTCS BHJHA BeCbMa COMHMTEJbHAs TMpouelypa HNPUMEHEHUs 3TOro
BeIpakeHHs (2) K TaxuoHy. J[efiCTBUTENBHO, MBI CUMTAEM, YTO B 3TOM BBIPAKEHUH V - 3TO CKOPOCTh
TaxuoHa. Toraa B COOTBETCTBMM C KAaHOHAMM ClELUAlbHONH TEOPUU OTHOCUTEIBHOCTH Mbl




(daKkTHUecKu yTBep:KJIaeM, YTO C TaXMOHOM CBS3aHa MHepLMajbHas cUcTeMa OTcuéTa, TeJexKa C
yacaMH U OCsiIMU KoopauHat. Eciu cymiecTByeT ckopocTh nepenaun nHpopMauuu (Ui JBHKEHHS),
npeBbIlIaolias CKOPOCTh HMHBapuaHTa, B TEOPUM OTHOCUTEIBHOCTH HEU30€KHO BO3HHMKAET
napajokc, abeypa. IlpeacraBum cebe 3Ty cucTeMy OTCUETA, CBSI3AHHYIO € TaXMOHOM, U3 KOTOPOHi
Mbl HaOJIOJaeM 3a JABMKYIIUMHUCS MUMO He€ (GoToHaMu. ITU (POTOHBI M3 TaXMOHHOW CHUCTEMbI
otcuéra Oy1yT UMEThb pa3sHy!0 CKOPOCTb, KOTOpast 3aBUCUT OT ckopocTu TaxuoHa! [lpeactasum cebe,
HanpuMep, NoMyTHoe ABWkKeHHe (POTOHA B TAXMOHHOM cHCTeMe OTcyeTa!

, I
| L .
T 7 1
SN -
= B
£ c |4
1 = TaxuoHHas UCO =

Puc.4. [suosicywasaca maxuonnas cucmema omcuéma u cpasHeHue cKOpocmeli (pOMoOHO8 Y1 8 HeNOOBUICHOU U Yz 6
NOOBUICHOTL CUCEMAX OmcYéma

CornacHo ypaBHeHMsiM JlopeHlia, HO BOMpPEKH M3BECTHOMY SIBJICHHIO COKpAIICHUS 3]IeCh
OyaeT HabaroAaThess 00paTHBIN APPEKT: IBUKYIIAsICS cO CBEpXCBeTOBOM ckopocThio MCO Oyer...
YAIUHATBCS. BbiOepeM CKOpOCTh V TaxMOHHON CHCTeMbl OTCU€Ta TaKOi, YTO OHa YJUIMHUTCA,
HampuMep, Kak MoKa3aHo Ha pUcyHKe — B 4 pasa:

Ll
— =4 = 3
i (3)
MMpoUu3BEaA TPUBHAJILHBIC npeo6pa30BaHI/I;1, OLCHUM 3Ty CKOPOCTh:
2 2
16:1—V—2:15:—V—2:v:c\/1_5:v=4c (4)
C C

B ortux ypaBHeHMAX OIylleHa MHHMMas €IMHULA, T[IOCKOJbKY I yCTpaHEHHs
HENpUEMJIEMbIX MHUMBIX BEJIMUMH CUUTAETCS MHUMOM BEJIMUMHON COOCTBEHHAs JUIMHA TAXMOHHOTO
o0bekTa (TaxroHa).

B MomeHT BpeMeHH, KOorjia HeMOABMKHBINA U TAXUOHHBII ABMXKYLIMHCSA UCTOUHUKU (POTOHOB
MOPaBHAIOTCS, OHU UCTYCTAT (POTOHBI Y1 U y2. B paccmaTpuBaemom npumepe GoToH Bea&r ceds He
MeHee yJUBHUTEIbHO, YeM TaXHOH. B MomyTHOM ¢ Tesexxkoit HanpaBiaeHnu GOTOH BOOOLIE HE MOXKET
JBUraThcsl OT UCTOYHMKA: UCTOUYHUK Bceraa Oyaer ero oorouats. Ho nomyctum, 4to 310 BCE-TakH
BO3MOXKHO. [lycTb (OTOH Y2 BHYTpM TaXMOHHOW CUCTEMBI OTCUETA C TOYKM 3PEHUsS] TAXMOHHOTO
HaOmonarenst JBWXKeTcs BHEpEA cO CKOpocTbio cBeTa. OueBHMIHO, 4TO BepxXHUH (OTOH 71,
UCIYLLEHHbII HEMOABUKHBIM UCTOUHUKOM, OYJeT OTCcTaBaTh OT HUXKHEro (poToHa Y2, UCMTYLLIEHHOTO
TaXWOHHBIM HMCTOYHHMKOM. DTH JBa ()OTOHA B MPUHLMIE HE MOTYT JIETE€Th PAJOM JPYyr ¢ JPYroM.
Hwoxuuit pOoTOH Y2 10KEH ABUraThesl ¢ TOUKHM 3PEHUs HEMOABMKHOIO HabJtoaTess co CKOPOCTbIO
HE HW)KE€ CKOPOCTU TaxMOHa V, MHaue OH MPOCTO HE BBUIETUT U3 UCTOYHUKA. B 3TOM ciyuae ero
CKOpPOCTh MOYTH B 4 pa3a MpPEeBBICUT CKOPOCTb cBeTa. To ecTh, CKOpoCTh (POTOHA CTAHOBUTCS
3aBUCUMOI OT CKOpPOCTH ero ucrouHuka. Takum oOpas3om, B ciyyae C TaXMOHHOW HMHepUHUaIbHOMN
CHCTEMON OTCU€Ta CKOpocmb ceéema ¢ npuHuyune He modxcem Ovimb uneapuanmom! Ho eciu
CKOPOCTb CBETa - HE MHBAPUAHT, & CKOPOCTb TAXMOHA - U3MEHYMBAs, TO Mbl BO3BpPALIAEMCS K JaBHO
otBepruyToii pusuke HotoroHa. CyTb €€ B TOM, UTO CKOPOCTH CYMMUPYIOTCS, TO €CTb, K CKOPOCTH
TaXMOHA MOXKET OBbITh MPUOABIEHA CKOPOCTb €r0 UCTOYHHMKA.

OpnHako, Bce MCCIEIOBaTENN pacCMaTPUBAOT TAXWOH KaK JIOPEHL-WHBApUAHTHBINA OOBEKT.
CrnenoBaTenlbHO, Y HErO HE MOXKET ObIThb MHBAPUAHTHOW CKOPOCTHU. B 10Ka3aTenbcTBO MPUBOAUTCS
penamusucmckoe ypaBHEHUE Ul SHEPIUU TaxUOHA, U3 KOTOPOro CIEAYET, YTO BHEPrus TaXMOHA



U3MEHSETCsl, O3TOMY M CKOPOCTb €ro TaKkxe He MoeT ObITh onuMHakoBoil s Bcex MCO. Ho 3to
SBHasl PEKypCHUs: U3BMEHYMBOCTb SHEPTMU TaXMOHA BO3HUKAET BCJIEACTBUE TOTO, YTO €My Ha3HAYMIIU
JIOpPEHLI-MHBApUAHTHOCTh, KOTOpas BeJAET K W3MEHYMBOCTM 3Hepruu. Ecau ke npusHaTh, 4TO
JIOPEHLI-MHBAPUAHTHOCTh K TaXUOHY HEMPUMEHHUMA, TO BCE HEOXKUAAHHO BCTAET Ha CBOM pazyMHbIE
Mecta. CKOpOCTb TaXMOHa CTAHOBUTCS WHBAPUAHTHO-MPUTOAHOM, HCYE3al0T BCE MHHUMbBIE
XapaKTepUCTHUKH, IBUKEHUE B MPOLUJIOE U HAPYLUEHUE NPUYMHHOCTU. BOT TOJIBKO CKOpPOCTH CBETa
NepexoauT B pa3psal 0ObIUHBIX cKopocTeil. Takum oOpaszom, AJisi ycTpaHeHHs BCeX PENATUBUCTCKUX
CTpaHHOCTEW M abCypAOB MPU PACCMOTPEHUM TaXMOHA MHBAPUAHTOM CJIEAYET CUMTATh CKOPOCTh
TaXMOHA, a He CKOpOCTh cBeTa. OTcroga Heu30exkHO cieayeT Joruyeckas LEMouYka: KBaHTOBas
HEJIOKAJIbHOCTh TpeOyeT Haluuusi CBEPXCBETOBOTO MaTepuajbHOro HOCUTeNs HH(popMauuu B
MOJIHOM COTJIaCMM €O CTaHJApPTHOM MOJENbIO 3JIEeMEHTAPHBIX YacTHLl W B3aUMOJEHCTBHIA;
HEJIOKAJIbHOE SIBJIEHUE 3aMyTAaHHOCTH MO3BOJISIET 1I0Ka3aTh CUHXPOHHOCTh X0/1a ABUKYILIMXCS YacOB,;
CBEPXCBETOBOW AapryMeHT B JOMOJHEHUE K 3alyTaHHOCTH TaKKe OTBEPraeT WHBAPUAHTHOCTH
ckopoctH cBeta. [loaToMy cnenyeT 0xkuaaTh 10Ka3aTeabCTBA HE MHBAPUAHTHOCTU CKOPOCTH CBETA B
peasibHOM (pr3MUECKOM KCTIEPUMEHTE B AyXe ONbITOB MapuHOBa.

OpHako, xouy ewE pa3 MOJUYEPKHYTh: CHeuuasbHas TEOpPUs OTHOCUTENIBHOCTH - 3TO
UCKJIIOUUTENBHO Mamemamuyeckas Teopus. BcneacrBue 3TOro oHa NPUHLMIMAIBHO HE MOXKET
OBbITh OMIMOOYHOM, HO MOILKO B paMKax CBOMX MaTeMaTHyecKuX mocrtyinatoB. [lostomy Bce
MOMBITKY MPOTUBHUKOB PENIATUBU3MA ONPOBEPTHYTh €r0 MBICICHHBIMU (UHUTAl: MaTeMaTHYeCKUMU)
JKCrepuMeHTaM obpeueHbl Ha nposai [13]. Kpome Toro, u npumMeHeHHe e€ K peabHOCTH He UMEeT
NPUBHAHHO NOOMEEPIHCOSHHBIX OTKIOHeHWH. Ho TOMbKO KOHKPETHbIN (DU3MUYECKUI SKCIEPUMEHT
MOKET Tl0Ka3aTh, HACKOJbKO TOJHO MaTeMaTuKa CreLHaJbHOW TEeOpUH OTHOCUTEIbHOCTH
OMUCHIBAET peasibHbIi (PU3NUECKUN MUD.
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Verification of the second postulate of special relativity
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Abstract
Mathematics of special relativity is not refutalllast chance for opponents of relativism - is yo tr
to show the discrepancy of the mathematical thepegial relativity for the real physical world.
There is the quantum non-locality, which requiregesluminal agent - tachyon, quantino. The
superluminal information transfer rejects the imaace of speed of light, and allows you to show
the real physical experiment that clocks in altia¢ frames synchronous, thus rejecting the second
postulate of special relativity. Therefore, you wlacexpect other experiments that show not the
invariance of speed of light. The article describes of the possible experiments to disprove the
second postulate.



