Llentp Kybuyeckoro Pe3oHaHca Bpemenn — LIKPB

d)opmyna 1
zn(1/2 ) = (1/7) =0.142857142857142857142857142857142857 ....

Mpouecc geneHnsa XpoHOHa T.e. kKybvMKa BpeMEHW Ha [Ba, COXpaHseT LeHTpalbHyl Touky Pe3oHaHca B O4HOM U TOM Xe
mecTte. Npu nocnepoBaTenbHOM AeneHun BpemeHu, LeHTpanbHad Toyka XpOHOHa Bcerga ocTaeTcda B TOM MecTe, rae
npoxoasT BCe LeCTb OCEN cynepcummeTpuu, M obpasdyeT ys3en C MNMAOTHOCTb BPEMEHU, TOYHO MPOMOPLMOHANBHON
KonuMuecTBy AeneHun. Yanbl Bpemenn, npenctaBnsioT cobon kybuieckme obrnacm ¢ NOCTOAHHOW NNOTHOCTLIO BpemeHu, a
NMPOMEXYTOUHbIE 06NacTu cogepXaT U3MEHsIIoLLMeCs napamMeTpbl YCKOpeHUust U pbiBka BpemeHun. ToyHOCTs pacuyeTa B 3Tou
obrnac™ 3aBMCUT OT onpefdeneHns ABYX CLENMeHHbIX napameTpoB. YmMcnoBoe cooTHOLleHMe XpoHoHa paBHO 1/2° T.e.
1/8=0.125. (Jlorapudmmnyeckoe 3Ha4eHue).

Ecrm CJ'IO)KI/ITb BCe Kybumyeckne 3HayveHuss BpemeHn, Bo Bcex NOCregyroLLnxX nocrefoBaTeNbHOCTEN AENeHU, cyMMa BCEX
n(1/2) Oynet paBHa 1/7 = 0.142857142857142857142857142857142857. PasHmu,a B BenMYMHe Mexay Kybuyeckomn
eOuHMLbI BpeMeHU 1 cneytolen bonblion kybrnyeckon gopMme BpeEMEHN paBHa 2°-1% = 7. Npubasnenune CYMMbI OeneHui
BPEMEHN K €€ pa3HOCTW, OOYCIOBMEHHOW pacluMpeHueM BpemMeHu (XpOoHOHa) M AerneHvem Ha 7 pgaeT KoadpdmumeHT
pacwupeHns BpemeHu nnm rpagneHT BpemeHm o1 1 0o 2, notomy 4TOo mM3nyvaemblie ccepbl BpemeHu, npotarueaoTca Ao
0Ge3KOHEYHOCTU MpU pe3oHaHce Re; = 10° / ( 10° -2 ) =1.02040816... oT4éToB (Jlorapummyeckoe 3HadeHue). KonuyectBo
OTCYETOB B LI,I/IKJ'Ie pasHo 10, yron cmeLyeHus BpemeHm 2m/10 (pagmnaH) = 36° rpagycoB. 3onoToe pacluimpeHue BpemeHu
p?BHOQ)C“ X) ) 3onoToe cxaTtue BpemeHu paBHO ct- ),n To4yHoe ycrosue 3ono0Toro pesoHaHca Bpemerun (1-x2 / (1+(>1<2X)— X -
x"=x" =0. 236067977 omeTos ana yukn. KnHemmyeckuin noteHumnan pacwunpeHus BpemeHun paseH 10 /10 10 T.e.
10(1/") 3Hauenmne V2=k n k®= 2° =8. 310 - npeanbHbIi 3omoton PesoHatop BpemeHnn ZRV.

dopmyna2:
ZRV = %, (1/2 ) + (2 A1)/ (2 -1) =((A/7) +7) /7 =1.0204081632653061224489795918367..

3onotoe ceyeHne B doopmyne Ne2, npeacTaBnseT LEHTPUPOBAHHOE CTaumMoOHapHoe Pe3oHaHcHoe cocTosiHne Bpemenun
(XpoHoHa), copepxkallee 7 cdep pe3oHaHCHbIX OTCYETOB. [1o cym cdepbl BpeMeHn 3To ecTtecTBeHHas 3afdepkka das, npu
KoTopol kornebaHus BpemeHn BHYTpM XpOHOHA 3aTyxatoT, HO BCE e OCTAtOTCH CUHXPOHHBLIMW. Kos LI,I/IeHT
OLHOBPEMEHHOrO paclunpeHns BpemeHn paBeH 2% a nepvon paclumpeHunss Bpemenn k paBeH k™ k=22



CkopocTb nocriegoBaTtenbHOro paclivMpeHuss Bpemenn pasHa 7 T.e. k®-1 = 7. CooTHowEHMe rapMOHNYECKOTO CUMHXPOHHOTO
KornebaTenbHOro COCTOSHWS HavyMHaeTcst Ui ¢ %2 unu ¢ 2. CMHXPOHHbIE KonebaHus BOOfMb TPEX KOOpAWHAaTHbIX ocen XYZ,
N3MEHSITLCA B 3aBUCMMOCTU OT 06BLEMHOIO 3HayeHus konebaTtenbHbIX OTCYETOB. [1OCKOMbKY OTCYETbl HakMaablBalTCS T.e.
«CYNepnoHMpyoTCA» APYr Ha Apyra, BAOSMb BCEX TPEX OCEN O4HOBpPEMEHO (B TpueaunHon dase), 3TO COCTosHME XPOHOHa
BpeMeHn HasbiBaeTcsi KOrepeHTHbIM BpemMeHeM T.e. KorepeHTHbIM COoCTosiHMeM XpOHOHOa wunm Kybuka Bpemenn KX
(KorepeHTHbI  XPOHOH).

Ecrm koneGaHua TepsitoT CMHAIA3HOCTb, HO MX KONMYECTBO OCTAETCA HEM3MEHHBLIM 3a LMK, XPOHOH MepexoauTs B
apMoHuYeckoe cocTosiHue. A Koraa Bpemsi TepsieT cBoe rapMOHMYECKOe COCTOsIHWE, MEPEXOAMT B COCTOSIHME YCKOPEHMs,
paclmpeHns 1 nanydenus. MNepexon BpemeHn OT 04HOMO K ApYyromy COCTOSiHMIO, OBYCMOBMEeH TOMbKO akCUMOMaTUHECKUMMU
COOTHOLLIEHUAMM 30r10TOro ceveHuss Bpemern.

Ecnun korepeHTHOe coOCTOsIHME BpemeHm paBHO eauHULIe, ero U3MeHeHue Ha 2 NoTpedbyeT yBenuyeHus Ha 2=k=
1.2599210498948731647672106072782.... PasHuua coctaBut 1.259921-1= 0.259921. C gpyrow CTOPOHbI, ecnm 3HayeHne
OLHOM CTOPOHbI XPOHOHA paBHO 1, TO ero M3MeHeHMe Ha 2, NpuBedeT K yBernmyeHnto obbema BpemeHn Ha 2% = 8, a pasHuua
Oynet 8-1 = 7 XpOHOHOB. A 3TO 3Ha4uT 4TO, Bpems yBennuutcss Ha 7 XpOHOHOB, BCerga Korga ero paguanbHbii pasmep
BpemeHn yaBanBaeTcs T.e. TOnbKO Torga, koraa MPOMICXOANT M3nyueHie BpemeHnn. [ina nepexoga Ha HOBOe M3fyyeHue,
TpebyeTca yxe yaBOUTb KONMMYECTBO XPOHOHOB OT 2 =8, Ha 2°=16 1 T.O. N T.N.

dopmyna Ne3:

Bernoe Bpemsi unn Arnb6eno Bpemenn BV = 109/ (k°-1) k 10/ 7-k® = 0.93366116205950973817160681519893......
OTYETOB Ona uukn, npencrtaBndaeTt cobowm Benyro rpaHudy BpemeHM T.e. AJ'Ib6e,D,O BpemeHm, a 3TO HNYTO MHOEe KaK TOHKasdA
rpaHuua nepexoga rorapugmuydeckoro BpemeHn BHYyTpM XpoHOHa B NMHENHoe-BellecTBEHHOe Bpemsi cHapyxu ero.
BkpaTue 310 30510T0e OTHOLLEHME OAHOBPEMEHHOIO pacluMpeHVsi BpeMeHu Kk ero nocrenoBaTernbHOMY pPacLUMPEHUIO.

1) _

®dopmyna Ne4:
KX = (10“’”)/ K8 - SaW2Y)" ((2%1) 12,22 +(2°-1)
KX = (10(l 'S ) - (U/7) - (7/0.98) = 0.91498793881831954340817467889495.... (Jlorapndmuyeckoe 3sHavyeHue).

KX nnmn KorepeHTbin XpOHOH, npeAcTaBnsieT coOGOM OOHOBPEMEHHY KombuHauuwo Tpuagbl Cun BpemeHu: Cxatus,
PacwupeHusi u Pe3oHaHca, Bce [0 rpaHuLe XpoHoHa (Kybuka BpemeHu), nokasaHHom B Ne3., B Touke nepecevyeHns rpaHumue
BpemHun, nokasaHHou B Ne2.

KX aTo KOHEYHOE CLeNneHHOe KOrepeHTHOe CocTosHMe BpemeHu, roe oTHOLWwEHMEe 3TanoHHOro MrHoBeHnsa Bpemenn EMG,
EMG = KX/ C’, paeT HaMMeHbLUMA BO3MOXHbLIA LKA, T.€. HaMMeHbllee BO3MOXHOe 3TalloHHoe konebaHue BpemeHu B
XpoHoHe. OTHOLLEHMEe, MeHbluee YeMm aTannoHoe, B 3[1 npocTpaHcTBe COObITMA, NPOCTO He cyuecTtByeT!!

dopmyna Neda:
EMG = KX / C® = 1.3446202249 x 10!, 370 aTanoHHbIN npegen noboro konebaHusa BpemeHnn B nobon Touke 3[
KOHTUHYYMa MpOoCTpaHCTBa.

Tpn a3l BpemeHn ocTaloTCcs CTPOro B CTAUMOHAPHOM COCTOSSHUM MOJSIHOW KOFepeHTHOM aKTUBHOCTU WNuU B
rofiorpadM4eckom COCTOSIHUN «3aMOpOXeHHoro BpemeHu». OcHOBHasi UeHHOCTb XpoHoHa BpemeHn B TOM 4TO 3TO
3TanoOHHOE NepBUYHOE COCTOSHWE, MPU KOTOPOM BCe BuAbl KonebaTenbHon gedTtensHOcTM BpemeHu, npuxogdaT B NonHoe
CMOKOWCTBME NPU MOMHON CLEMNMEHHOCTU BCEeX BHYTPEHHUX KornebaHuw.

OfHoBpeMeHHoe aerneHne BpemeHn Ha gByx B Buae Ge3KOHEYHOro CTEMNEHHOro psda, npeacTaBrisdeT coboi Kybudeckoe
pesoHaHcHoe cTaTWYHoe cocTosiHue BpemeHu, B cyMMe KOTOpoe Bcerga cocTaBnseT 1/7, kak nokasaHo B Nel. KorepeHTHoe
cocTosiHe BpemeHu umeeT coGoii paBHYld CKOPOCTb KonebaHuii Mo Bcem TPeM ocsAm XYZ. A 2aTto ciporo
CMHXPOHU3NPOBAHHAsi CKOPOCTb CYéTa, MpU KOTOPOW KyGudeckasi ckopocTs Bpemern C° ymeHbliaetcss 4o C, NOCKOMbKY
oTcYeTbl MO ABYM KOOPAWHATHLIM OCSIM OCTAlOTCA CTPOrO CUHMPA3HUM.

Korga gecat dopyaH matri-x.ru, xfonaT B Nagow n no OT4enbHOCTA, MOXHO NocynTaTs AeCATb y4apoB, HO €Cin BCE OHU
XJIONHY T OAHOBPEMEHHO, B abCONMOTHOM cuMHa3HOCTU, OyAeT crbllleH NMWb OAWH XIonoK. TOYHO TaK e, Korga Bce
KonebaTenbHble CYETIMKM BpemMeHu OencTByOT CUH(A3HO, BOOMb TPex KOOpAMHATHbIX ocen XY Z, CKOpOCTb CYéTa
BpemeHu, ByaeT paBHa 3HadeHWO BAONb kakon-nMbo ocu. OauHakoBas CKOPOCTb CYETA BO BCEX Tpex HanpaBneHUsX
npeacTaBnsieT cobo obbem BpemeHu. Touka, B KOTOpOW CVIHXpOHVI3I/IpyIOTCF| OTC'~IeTbI no ,u,ByM ocsiM, 39TO TOdKa rae
CKopoCTb 30M10TOro paclumpeHus BpemeHun, gocTuraeT CBOero Makcumyma npu c™ = 5.107-10" CYETOB, a LIMKIT CTAHOBUTCS
MUHUManeHbiM. Liukn BpemeHn, 310 cymma koneGaHuii BpemeHu BHyTpu XpOHOHa, KOTOpble AOCTAraloT MCXOOHOro
coctosHua nocre 10 B3aumogencTtsuil. BHyTpu XpoHOHa 9TV B3auMogencTBMA oOfHOBpeMeHHble. B camom nepBom
COOTHOLL EHNUN LMKNUYECKOro nepuoga pasHuua byget 1 k 2, a cMeLLeHe CYETOB, Bbi3biIBaeT HECUHXPOHHOCTE Bpemenun no
KOOPOMHATHLIM OCSM, U MTHOBEHHOE BO34 ENCTBUE CUTlbl Or paHn4eHnss BpemeHnn TpeTtbero nopsaka nnm PesoHaHca BpemeHu
Kak rnokasaHo B Ne5.



dopmyng Ne5:
2/\/((1+22)-2) =2/(N5B)2 = 2/x°= 8.4721359549995793928183473374626....

Ne5 aBnsetca 3onoTbiM cevyeHeM BpemeHu, n o6o3HadaeT cobori Pe3oHaHCHy0 gemndupytoLlyto cuny Bpemenu, TpeTtsero
nopsigka X°, ANt MOCTOSHHOTO MOAAEPKaHUS BEYHOrO KONebaTemnbHOro ABUKE HUS BHYTpU XpOHOHA. 3TO COOTBETCTBEHHO
norapndMuyeckoe 3HavyeHue, NMOCKOMbKY LIMKIMYeckuin npouecc Bpemenwn, BkmovaeT B cebs ckopocts umkna C, npu 10
OTCHETOB 33 LIMKI.

®dopmyna Ne6:

C = 103473595 = 3 9657596692 x 10° oTcueTos.

CkopocTtb cuyéta Bpemenn, paBHas C 3a uMkn U3 gecsam OTCHETOB, NpeacTaBnsAeT cobon BHY TPEHHIOK CKOPOCTb KonebaHus
(He yacToTy), KOTOpas camonoaAePKMBAETCS MNOCTOSAHHO, MOKa He NMPOM3oNAYT U3NYyYEHNS BHY TPDEHHUX OTCYETOB B dopme
KMHEeTUYECKOro noTeHumana BpemeHun. 3T1o cocTosiHne obesneumBaeTcs AByMA dakTopamu. [loka pe3oHaHCHOe AeneHue
BpemeHu Ha 2, He HapyluaeTcs, UeHTpUpoBaHHOe COCTosiHMe BpeMeHun B Kakaon ToUKe MpocTpaHcTBa coxpaHseTcs. A ecnm
LIeHTPMPYIOLL €€ COCTORHME HapyLIeHO, A0 Tex NOp, Noka yckopeHue 3ornoToro pacluvpeHuss BpemeHun He npeBbilaeT ct™ =
5.1074477508648865304344918102892 x 10 OTCYETOB Ha OOHOW U3 KOOpAWHaTHbIX ocen XYZ, BO3MOXHOCTb
BOCCTAHOBIEHUA WCXOAHOro BpemeHun, BHyTpM XpoOHOHa camoobe3nedmBaeTcs pPe3OHaHCHOW AemMndupytowen Ccunon
BpemeHun Tpetbero nopsgka mnm 30n0ToM NOCTOSSHHOW pe3oHaHca BpemeHu x3, KOTOpbIN camonpendaTcTByeT YBENUYEeHUo
BHYTPEHHEro LMKNuM4eckoro nepuopa v pacnagy BpemeHu BHYyTpu XpoHOHa MOCKOMbKY X — X ° = X°. Pacnag SAvHUYHOrO
XpoHOHa aKkBMBaneHTeH Komnancy v pacnagy Bcero 3[] npocTpaHCTBa W BCEro B HEM.

2° BpemeHu cooTBeTCTBYET TOYHOMY PE30HaHCHOMY, LIeHTPMPOBaHHOMY U KyBuyeckoMy cocTosiHuy BpemeHu, a ckopocTb c?
COOTBETCTBYET KOrepeHTHOMy ofHoBpeMeHHoOMy Bpemenu. [lpu  wnanydeHnn BpemeHu, cHapyxm  XpoHOHa
nocnegosaTesnibHOE paclivpeHne BpemeHn coxpaHseTcs, MOCKOMbKy reomeTpuyeckoe cmelleHne BpemeHu Bcerga
npornopumMoHanbHo 3onoTomy cedeHuo X, x=0.618...; CneposaTtenbHo, noboe ofHOBpPeMEHHOE CTONKHOBEHWE [ABYX
XpoHOHOB BpemeHu T.e. ogHOBpeMeHHOe B3aMMoO4eWCTBME Mexay NobvMbIMU OBYMSi reomeTpuyecknmu ocamu, byaer
paBHO Cc*?=C®. B atom ecTectBeHHOM npouecce, He 6ornee 4em AByx XPOHOHOB T.e. AYBX reOMeTPUYECKUX OCEW, MOryT
OencTBoBaTb OO4HOBPEMEHHO, YTODObl ObiTb paBHLIMU C®. Bor Tak Bcerpa 3apoxpgaetca Hoeoe [MpocTpaHCTBO COOBLITUIA.

CoOTHOLLEHME KOrepeEHTHOro pe3oHaHCHOro cocTosiHus B Ne2., npocTupaeTcst 4o 6e3KkoHeYHoCc TV B Buae Pe3oHaHCHbIX ¢ dep
BpemeHu, BrioXXeHHbIX Apyr B Apyra, No npuHuuny MaTpéLuku, KoTopble OCTalTCA B COBEPLUEHO KOrepPeHTHOM COCTOSHUKU A0
Tex Mop, MokKa UX He HapyLUMT Kakasi-nMbo BHELLHAS HECMHXPOHHAas akTMBHOCTb. CrnieqoBaTenbHO, 3HaYeHWe pe3OHaHCHBbIX
oTcyéToB XpOHOHA B pacluumpsiioulencsa obnacmm BpemeHu T.e. B Anana3oHe u3ny4veHusi BpemeHwn, siBnseTcsi COCTOSHUEM
MOMHOro KMHeTM4Yeckoro noTeHumana BpemeHu, korga BHe3amnHasd BHELWHNAS cuna, npmsegeT XpPOHOH K ero ecTec TBeHHOMY
nepexofy U3 KOrepeHTHOro COCTOSIHUSI B 3aTyXarlLllyl Pe30HaHCHYH aKTMBHOCTb, 40 BOCCTAHOBNeHus 6anaHca BpemeHwu.
CootHowweHve KB sBnsetcs dyyHaameHTansHom eguHuuen Curbl.

dopmyna 8: Cuna XpoHoHa (Kybuka BpemeHn)
SX =KX/ EMG x (Za(1/2%)™ + (2%-1) 1 (2°-1) -1)) = KIMg-[((1/7)+7)/7)-1] =
SX = 3.3343547993323967544012749861297 x 10°%

SX = 3,33 x 10°% — gBRsieTcs MakcUMarnbHoit Cunbl OAWHOYHOro XpOHOHA, NPUCYTCTBYKOLWIEro B Kakaon Touke 3[
npocTaHcTBa cobbITUIA, B BUAE TalHOro HeNposBIIEHHOro KOrepeHTHOro noTeHumana BpemeHun, koTopoe He npeobpa3yeTcs B
KUHETUYECKNIA NOTeHUnan BpemeHu T.e. He NpoucxoauT nsnyyvyeHme Bpemenu u 3apoxaenne 3[1 npocTpaHCcTBa 4O TeX nop,
Moka KOrepeHTHbIi noTeHuman BpemeHn (XpoHoHa), He GygeT HapylleH BHewHuM 3awienkom (Cumon). ITo nepBUHHOE
3TaroHHOE COCTOSHWE KOHTMHYyMa BpemeHn [0 nosiBneHus Kakoro-nvbo mpocTpaHcTBa W BellecTBa (Matepun) B HEM.

|-|pl/|‘-| MHa HEBO3MOXHOC TN O6Hapy)KeHVIFI KOHTUHYYMa BpemeHM, npocTtad N 3aKkno4yaeTcda B TOM, YTO «MNOKa» He CylleCTByeT
dKCnepnMeHTasribHOro cnocoba N3MepPEHNA KOrepeHTHoro notTeHunana BpemeHM B €ro n3Ha4dasrnbHOM Buae — B COCTOAHUN €ero
CBer,EWIHaMI/I‘-IeCKOVI KOFepeHTHOVI aKTMBHOCTW.

Ecrm nio6oe aBwxkeHne yero nubo B 3[] npocTpaHCcTBE He OGHapyXuBaeTcs, Toraa WHCTPYMeHTanbHoe MNOATBEePXAeHue
HEBO3MOXHO, MOCKOSbLKY nobon dusunyeckuin npubop, obHapyxmBaeT nNuWb nocnegoBaTeflbHble M3MEHeHUsa yero-Tto. [ns
obHapyXeHns nocrenoBaTenbHOCTM U3MEHEHUs, HeobxoaMMo AaTb TOMYOK YycKopsiiowemycss BpemeHu BHYTpM XpoOHOHA,
koTopbii nocne 10 oTcyeToB, ByaeT 3acTaBuT NM0GON r3nYecknin Npudop N3MEeHMUTLCHA B HEKOTOPOW MocnenoBaTenbHOCTU
Bpemenn. 310 ByaeT aKBMBaANEHTHO HTPOMUM CUCTEMbl. HO CMOHOHay4yHas MpuBbMKa paccMaTpuMBaeT «BPEMS» W «CUMy»
KaK pasHble 3TalnoHHble XapaKTePUCTUKW, W HAMEPEHHO CKpbIBAeT OT Bac 3TV pasnuyus.



Habniogaemoe BewlectBo, 3TO cuHasHble KorepeHTHble konebaHus XpOHOHOB, KOTOpble HaknaablBalTCsA BAOMb ABYX
reoMeTpuyeckmx ocen, 4Tobbl NOMy4YMTb Kakoe-TO KonmyecTBo ¢opm. Toraa, ckopocTs cvéTa C° ucyesaeT M3 CYETHOro
CMnekTpa, a HECUHXPOHU3MPOBaHbI konebaHnsi BpemeHu, CTaHOBATCS KaKMM-TO 3M1EMEHTOM BeLl ecTBa.
Touka, B KOTOpOW ABa kornebaTtenbHbiX OTcyéTa BpemeHun, naeansHO CUHXPOHU3MPYIOTCS, HAXOAUTCS NPU CKOPOCTU cm,
MockonbKy ckopocTb Lukna C He MoXeT camonogobHO yCKOpsiThC M paclimMpsiTbes 3a npegenbl XpOHOHOB, UCYE3HOBEHUE
cKopocTU c? npeacTaBnsieT eCTECTBEHHbIN MPOLECC CUH(A3HOCTU XPOHOHOB MO [ABYM FEOMETPUYECKUM OCSIM.

Bot Ta camas «ronoBofnomMkay» - no4eMy nNpoucxoasiT rykTyauum NpocTpaHCcTBa?, MMEHHO B TOM, YTO KOHTUHYYYM BpemeHu
— a 370 3[0 MaTtpmua XpOHOHOB, KOTOPbIX COBEPLUEHO HEBO3MOXHO OOHapyXuTb, €Criv OHU He u3ny4yalT Bpems. o cymm
XpOHOH 3T0 BeyHbin 3onoTol reHepaTop BpemeHu, guHammny eckuin paboTaroLuii Bcerga v NocTosHO CO CKOPOCTbio uukna C.
Takon XpoHOH (Ky6uk BpemeHM) HEBO3MOXHO OOHapyXWTb, MOKa He MNpou3onaeT HapyleHWe KOFepPeHTHOro COCTOSHUS

BpemeHu BHYyTpU XpoHOHa.



