MocTtosiHHas C npepctaBnseT coboi akcMoMaTMUECKYHO CKOpocTb 10 B3aMMoae NCTBUI 33 LMK MeXKay ABYMa XpOHOHaMu
BpemeHu, obpasytowmx npocrpaHcTeo. CKOPOCTb WX B3aMMOAENCTBMI Bo3pacTaeT go C* B CKuMmawowen d¢ase
OAHOBPEMEHHOrO UMKAa 1 nagaeT Ao C'* B pacumpsaowweiica dase.

dakTop C* aeicTBYeT 0AHOBPEMEHHO Kak 0AHOPOAHAA rpynna BHYTPU LMKAa M NpeacTasaseT coboi NN0THOCTb BPpEMEHM,
KoTopas nepemellaetca B Habope C' ™ pas k o6wemy uncny C 3a LMKA, TaK YTO CMeLL,eHMe BpeMeHM 3a O1H Nepuros, Bceraa
paBHO C. 3TO 3HAYWUT YTO N/IOTHOCTb BpemeHu LUMKANYeCcKkn Bo3pacTaeT M ybbiBaeT, CO3/1aBas YCKOpAIoLLEee COCTOAHME T.e.
Cuny - COrNacHo NPUHLMNaM camonogo6busa 3010Toro cedeHua. C co3aaeT O4HOBPEMEHHbIN MarHUTHbIA TOK, a C'™ cospaeT
noc/aeao0BaTeIbHbIA 31€KTPUYECKMI TOK, OTPaHUYEHHbI CKOPOCTbIO Nepesaym BpemeHu B umkae C npu B3anmogencTBui.

10" =17221 cuetos;
10313 102A%5_ 96 575 967
100431302 001,

Bpemsa T He sBnAeTCcA NOCTOAHHOM B NPOCTPaHCTBe, NogobHoM cekyHae B cMoHoduM3mKe. MockonbKy C akcmomaTuyeckasn
MOCTOAHHAA B3aMMOZLEMNCTBUA MEXKAY ABYMA CMEXKHbIMM XPOHOHaMu, oHa dopmupyeT akcmomaTtuyeckoe Bpems C ¢
NOCTOAHHOM LIMKANUYHOWN CKOPOCTbtO XPOHOHOB. MNocToAHHaA C yCcTaHaBAMBAET COOTHOLIEHME O/IMHbI K CMELLEHMUIO, A er0
obpaTHas BeIMYMHA AAET CKOPOCTb 338 eAUHULY MHTEPBaNa.

Mpwn ckopoctn cyeTa 17221 nnun c*”? CKMMalOLLLEeCcA M pacLUMpPAKOLLEECA COCTOAHMA PaBHbI, a anrebpanyeckas cymma cyeTa
paBHa HyAl, 4yto obe3sneuymBaeT HBanaHC ABYX XPOHOHOB BPEMEHM WU MX HaXOMAEHME B OOHOM U TOWM e TOouKe
npocTpaHcTBa. A KOr4a paBHOBECMe HapyllaeTcs, CKopocTb C° MeHAeTCA Ha yBenuueHWe oxatua X, Kak C*, 1 Ha
yMeHbleHne pacwuperna (1-x), Kak C"™. CooTHoweHMe cxaTHA K pacwupeHuto BpemeHu, mameHAeTcA B ABa
04 HOBpPEeMEHHbIX UMKna (log2),4To cOOTBETCTBEHHO BbI3bIBAET 3a4€ PXKKY B MOCTOSAHHOM LIMKANYECKON CKOPOCTU NpoLecca
B nocnefosaTeNbHOM BpemeHu Kak 100 uuKnoB..

Tenepsb, pasHULY MeXKay AsyMma pasaMu - CKaTUA U PaCLUMPEHMA BPEMEHW B OAHOM LMKNe, 0603HAUYMM KaK Zv (3ageprKKa
BPEMEHM) U OHa OyAeT paBHa OTHOLWEHUIO c/c™ = ¢ *'= 100 T.e. 10°. 37a 3a4epxKa Bo BpemeHu B 100 umknos, B8
nocnenosate/IbHOM BpeMeHM, BOSHUKAET U3-3a CTOZIKHOBEHMA ABYX XPOHOHOB B OAHOM M TOM e HanpaBieHUn, KoTopble
3aHANM OLHO M TOXKE MPOCTPAHCTBO KaK ABa 06beMHbIX 3/1eMeHTOB 3/, MPOCTPAHCTBA. 3HAYUT, MHTePBaN NepemeLLeHUA
YBE/IMYaeTCa BO BCEX OCEBbIX HanpaBaeHuax (XYZ) no oTHOWeEHMIO K 3\/ 2, U1 3TO OTHOLLEHME PaBHO 203 — = 1,259921...
MpupalleHue cooTBeTCcBTEHO byaeT paBHo k-1=0.2599...

BpemeHHas 3aeprKKa Zv geneHHasn Ha npupaweHme k-1, bopmupyeT y»Ke HOBYO 334 PKKY BPEMEHHbIX LIMKNOB YyiKe B 31,
NPOCTPaHCTBE C /IMHEWHMM MOCAef0BaTe/IbHbIM BPpeMEHEM KaK Zp (3aZeprkKa nocnefosaTtesibHasn), ¢ notepen AByx
B3aMMOZEWCTBUIA HA UMKA Npu nepexoge ABYX XPOHOHOB M3 MapasieslbHOro B MocAefoBaTes/ibHOe  Bpems.
MpocTpaHcTBeHHas 3agepskka Zp = [10°/(k-1) x (10>-2)/10°] = 384,7 x 0,98 = 377,03 HUYTO MHOE KaK — MMMemaHC
NPOCTPaHCTBA T.e. NPEenATCTBME NPOCTPAHCTBA Nepexoay B IMHEHOe BpeMs U3 O4HOBPEMEHHOTO BPEMEHMU.

Mpwn cKOPOCTUN BpeEMEHM c? cbanaHcMpoBaHHbIE CHETA YAEPHKMBAIOT TOUKY CTONIKHOBEHMA ABYX XPOHOHOB B OAHOM U TOM
e mecTe, a npu ckopoctn C* NPOCTPaHCTBEHHAA 3aJeprKKa Zp, CABUraeT TOUKY CTOSIKHOBEHUA XPOHOHOB B Byayuwe. Mpwu
YCNOBWMW, YTO COXpaHAeTcA HecbanaHCMPOBAHHOE COCTOSIHME, TOYKA CTONIKHOBEHUA OyAeT CMELLATbCA MOCAe KaxKaoro
B3aMMOAEe NCTBUA ABYX XPOHOHOB, MPOMNOPLMOHAbHO Zp , 3anyCKasn BblpblBaHWE BPEMEHHbIX CHETOB. ITO NPOUCXOAUT NpU
OBYX COCTOSIHUAX: OAHOBPEMEHHbIe CXKATUA cyeTa BpemeHun npu 172223 oaHOBPEMEHHbIX LIMKIO0B, U pacumpatomecs
cyeTa npu 17221 nocnepoBaTeNbHbIX BPEMEHHbIX LMKAOB. MNpK 3TOM 06LaA CyMma BPEMEHHbIX CYETOB Ha KaKabli
UMKNNYECKMIA Nepunog, Bceraa paBHa ckopocTn C, HO NOCKO/IbKY YMCI0 PacLUMPAIOLLMXCA CHETOB BpemeHM meHbLLe, OHO 1
onpegenaeT cABur BpemeHu B 3TOM HanpasaeHUN. 3a4eprKKa BPEMEHU UAKU CONPOTUBIEHME MPOCTPAHCTBA BbliPbIBAHUIO
BPEMEHHbIX CHETOB, NPOABAAETCA KaK [Ba BUAA BPEMEHMW B NPOCTPAHCTBE, KOTOPbIE BO3HUKAET TO/IbKO NPU YCKOPEHHOM
CMeLLEHMM, KOTOPOE BbI3blBAaET Pa3pblB 04HOBPEMEHHOTO KOrePEHTHOMO COCTOAHMA MNapan/iesbHOro BpeMeHu - byayuiee u
ero nepexop K nocnegoBaTesibHOMY NMPOLIOMY BPpEMEHM.



Mpn 3TOM [AONOAHUTENbHBIA CYET BPEMEHM MepesaeTca cocegHemMy XPOHOHY y)Ke B Mpouecce BbipblBaHWA. ITa
MPOCTPaHCTBEHHAA 3afepiKKa T.e. COMPOTUB/EHME Pa3pPacTaHMIO IMHEMHOro NPOCTPaHCTBa CTaHOBUTCA OBHaPYKMMbIM
TONIbKO MPU HAPYLLEHMIO KOT€PEHTHOTO COCTOSIHUA MapPaNEeNbHOTO LKA BPEMEHU NP CKOPOCTY B3aumogeicTami C*

T.e. VC.

KonebaHus XpoHOHOB Bcerga mMmetoT obbemHbilid, 3[ xapaktep. [MosTomy cyeTa BpemeHM BO Bcex TPEX OCEBbLIX
HanpaBaeHuAX paBHble C3. OAHAKO B KOT€PEHTHOM COCTOAHUM BCe KonebaHua XpOHOHOB, NPOUCXOAAT OAHOBPEMEHHO U
CUHXPOHHO, MPU YEM ABE reomeTpUYeckne ocn ob6beaMHAITCA, X CYET BpeMeHM cokpawaeTca Ao C 3a oguH umkna. B
pesynbTate BeCb XPOHOH Kak cybcTaHumsa BpemeHu KonebneTca B perkMme AplxaHWA npu ckopoctn putma C, co3zasas
CKPbITYIO N/IOWAaAb Yepes KOTopbI naeT Nnotok BpemeHn. O6HapyrKMBaemas CKOPOCTb KOrepeHTHOro 06 bema BpeMeHHU
6yaeT pasHa C, 0AHAKO CKpbITas N/0LWaab NOTOKA BpeMeH#u, pasHasa C?, BbI3blBaeT TeYeHME BPEMEHM B CAAB/MBAIOLLEM U
pacwunpAlLWeM peXxxnmax.

N3meHeHUsa nnoTHocTel BpemMeHU 3anyCKaloT YCKOPEHO BblpblBaHME KaK B 0OAHOBpeMeHHOM, TaK U B Nociea0oBaTe/1IbHOM
peXxunumax. BHyTDEHHee cmeuleHne yeeanymeaeT NJOTHOCTb BpeMeHM, cyeTa O6'be,CI,MHFII'OTCﬂ, TOr4a Kak pacwumpeHue
BpEMeHM Hapyxy XpOHOHa CHMXXaeT N/IOTHOCTb BpeMEHUN, NyBETNYNBAET KOJTMYECTBO CHETOB, Bbi3biBaA O6HapY)KMBaeMble
cmellleHuA.

O6beMHasa NAOTHOCTb CHUMAIOLWETOCA BpeMeHU byaeT (CX)A-", a NOTOK BpPeEMeHW B nJoLwaau (CX)AZ, npu stom C*
cooTBeTCcTByeT Nt060MYy 0CEBOMY TMHEMHOMY BPeMEHU. AHANOMMYHO ci0™ npeAacTaBnAeT NAOTHOCTb PACLUMPAIOLLErOCs
obbema BpemeHm, C”'X’Az, NOTOK paclumpstoeroca spemenn, a C™™  cooTBETCTBYET YMeHbLUEHUIO CKOPOCTU 13-3a
paclnpeHns spemeHmn B Ntob6om oceBOM HanpasieHun. Tem He meHee, npoussedeHue $as cxKaTva M paclimpeHns

BpemeHu 418 obbema sceraa pasHo C, ana naowaam C2 u ana nnuHenHon dpase spemenru C.

TONbKO BblIpbIBalOLLEECA CYeTa CO34at0T HanpaKeHMs 060oMX BMAOB, a MX PeaKkLMU MOXKHO 3aperucTpupoBaTh Kak cuny,
yckopeHue wu ap. MNepuon cmeHbl ¢a3 orpaHMYMBaeT CKOPOCTb MNepeaayn BbiPbIBAOLLEECA CYETOB BpPEMEHM,
NPONOpPLUMOHaNbHO MPOCTPAHCTBEHHOM 3adeprKe Zp. B dase cxkatua ckopoctb BpemeHu C yBennumsaeTcsa ao CxZp = Cz
(ckopocTb cxkaTua), a B dpase pacimpeHna ymeHbluaetca 4o C/Zp = Cr (ckopocTb paclumMpeHus).

Cz=CxZp=1,1182 x 10" n Cr=C/Zp =7,866 x 10°

NpowusseaeHne Cz u Cr pasHo C* — 3TO OAHOBPEMEHHAA OCUMAAMPYIOLLAA MOBEPXHOCTb MOTOKAa BPEMEHM, HO 3TU
ob6beanHeHHble cueTa C?, He HabN10AAK0TCA HANPAMYIO, OAHAKO MPY U3MEHEHUMN YCKOPEHMA UX MOMKHO U3MEPUTb KaK Cuny.

Mepexoabl OT CXKaTWA K PacLlUMPEeHUIo BpeEMEHU T.e. OT 0AHOBPEMEHHOTO K NocAe0BaTeIbHOMY BPEMEHM, MPOUCXOAAT C
nepemelleHMem XpOHOHOB Mo KoopauHate ¢ oTHoweHuem (k - 1)/1 3a unkn C, 4TO BbI3bIBaeT HEXBATKY PaCCTOAHUM 3a
nepuog, Kak:

Al =(k-1)/C=8,764 x 10™

A| — OTHOCuMTenbHoe oTHoweHue. Ecam C BblpaXaTb B MeTpax B CeKyHAy, TO BO3HUKAET He,u,o6op I'IpOl;'ILI,EHHOI'O
PacCToAHNA B Te4eHNe JaHHOIo BpeMEHMN.

B s/neKTpomarHutHoi Teopum obpaTHaa BennumHa 1/Cz onpedensetcA Kak — AM3/IEKTpuUYeckas NpPOHMLAEMOCTb
MPOCTPaHCTBA £, @ 1/Cr Kak —MarHuTHaA NPOHULLAEMOCTb [, MPOCTPAHCTBA (MarHWTHasA NOCTOAHHARA).

1/Cz =1/ (CxZp) =1/1,1182 x 10" =8,943 x 10" u 1/Cr=1/(C/ Zp) = 1/7,866 x 10° = 1,2713 x 10°

MoctosiHHas C — 3TO KO/AMYecTBO B3amMmogeincteui Tpex Cun BpemeHu 3a oaMH OAHOBPEMEHHbIM umkn, ot 10
B3aMMOAEeNCTBMN, nNpeacTaBnnaeT coboM aKCcMomMaTMUEeCKMA CcaMonodobHbIA  «MOMEHTaNbHbIA  WHTepBan». [lpwu
OINTENIbHOCTU TaKoro LUMKAa B OAHY CeKyHay 3HavyeHne C npubansuTesibHO COOTBETCTBYET 3KCMepUMEHTaNbHO
M3MePEHHOM YacToTe 3/1eKTPOMArHUTHOM BOTHbI C AJIMHOM BOJIHbI 1 METp C y4eTOM MorpeLHocTn npnbopos B 1%.



