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AHHOTAIIUSA

PaccmoTpen mapanmokc apOaneTHOM cTpenbl. Meramimdeckas —cTpesia
npobuBaeT o0kanku KoHaeHcaropa. B MCO cTpenbl KoHACHCATOp pa3pshKaeTcs,
B MICO koHIEeHCaTOpa — CTpesia CIMIIKOM KOpOTKa. BO3HUKaeT, Kak KaxeTcs
aBropy mapagokc CTO. Ilokazano, uro (opMynaupoBKa mapajokca OIIMOOYHA.

[Tapamokca HeT.

[TonGupast Matepuan Mo MapajgoKCy TpPaHCIOPTEpa, sl HAllle]l B UHTEPHETE
JUIIb JIBE CCBUIKM Ha Hero. B mepBoil M3 HUX AAE€TCs pa3BEpPHYTOE OINMCAHHUE U
pelnieHne napajgokca, a BO BTOPOM JIMIIb €ro yIIOMUHAHKE:

«Yxke B TO BpeMs MOSBWINCh MHOTOYMCIEHHBIE MapajoKChl («IapagioKc
KOJIECA», «IapaJoKC TPaHCHOPTEPa», «IapaJoKC 4YacoB» M T.II.), HE UMEIOIINE
BIIOJIHE YJOBJICTBOPUTEIBHOTO 00BsICHEHUD [1].

OpHako, caMO COOOIIEHHE SBISJIOCH ONHMCAaHUEM e€Hi€ OJHOIO0, BUAMMO
HOBOro — OT ceHTs0psa 2005 roga, paHee He MyOJIMKOBABILETOCS «IapajoKcay -
«rmapajokca apOajieTHOW CTpeJbl WM MapaJoKca >KeJIe3HOro Kpokoauia». Tekct
ObLT BBUIOKEH Ha HWHTEpHET-Popyme, aBTOp NpeacraBwica Kak JluoreH
Mockosckuii. [Ipu nutupoBanuu onvcanwus [1] s rydriero BocpusTas TEKCTA ST
3aMEHIO0 CJIOBECHbIE OOO3HAYEHHs THUNA «3JI HYJEBOE» Ha COOTBETCTBYIOLIUE
MaTeMaTUYecKnue O0O0O03HauYeHHsT W Mpomynly (parMeHThl, HE HUMEIOLUe
HEIOCPEACTBEHHOTO OTHOWICHHUS K «IIapaZOKCy».

«Ilyctp uMeeTcs  HMCTOYHUK  AJIEKTPHUYECKOTO  TOKa  (3apsKEHHBIH
KOHJIEHCATOp), NOAKJIIOUEHHBIN Yepe3 aMIIepMETP K IBYM MapauieIbHbIM METHbIM
TUTACTUHAM, PACCTOSIHUE MEXKIY KOTOPBbIMHU paBHO Og. Tak Kak Ierb pa3oMKHYTa,
TO 3JI. TOK OTCYTCTBYET, KOHJIEHCATOpP HE Pa3psKAETCsl, U aMIIEPMETP MOKA3bIBAET
HOJb. YTOOBI 1ENmb 3aMKHYJach, HYXHO TIOMECTHTh MEXAY IUIACTUHAMU
TOKOIIPOBOJAIIYI0 IEPEMBIYKY. B KadecTBe TakOM NEPEMBIUKM HCIIOIb3YEM
JKEJIE3HYI0 apOaNeTHYIO CTpey ..., JJIMHA KOTOPOou Lo O0JIbIle pacCTOSTHUS MEXKIY
wiactuaamMu o, I[lycTe crpenma mochutaeTcsi m3 apOajieta CO CKOPOCTBIO V,
npoOMBAET CHayajga NEePBYIO IJIACTUHY, 3aTEM BTOPYI0. B MOMeHT, Korga ocTpué
CTpEJIBI KACAeTCsl BTOPOU IUIACTUHBI, a C IEPBOM IUTACTUHOW KOHTAKT COXPAaHSETCH,
B IL€NU MPOUCXOAUT KpPATKOBPEMEHHBIM pa3psii KOHAeHcaTopa (cTpenka
amrepmeTpa JIEpraercs), MeXIy CTPEJIOW M IUIACTUHAMU MPOCKAKUBAIOT HUCKPHI.
Ho 3T0 B TOM city4ae, Korjia CKOPOCTh CTpEJIbl HEBENUKa, U e€ JuytnHa OobIe do.

Ecnu xe cTpena nBUxKeTCs ¢ OKOJIOCBETOBOM CKOPOCTBIO, TO B COOTBETCTBUU
c «peoOpazoBanusaMu JIopeHna» e€ JIMHa COKPAIaeTCsl U CTAaHOBUTCS PaBHOM

rze V - CKOpOCTb CTPEJbl OTHOCUTEIBHO IJIACTHH, C - CKOPOCTh CBETA B BaKyyMe.
W ecnu V mpeBbIIIaeT KPUTHUYECKYIO CKOPOCTh (mpu koTopor L'= dg), To mnmuna
CTpEeJIbl CTAHOBUTCSI MEHbIIIE PACCTOSIHUS MEXAY IJIACTUHAMHU, M LENb OCTAETCS



Pa30MKHYTOM, KOHJIEHCATOp HE pa3psiKaeTcsi, UCKpa HE NMPOCKAKWBAET, CTpPEJIKa
amIepMeTpa He AEpraeTcs.

Teneps mepexoanM B «CUCTEMY OTCUETa» CBA3AHHYIO C HaOJIOJaTENeM,
JBIDKYIIMUMCSL CO CKOPOCTBIO V BMecTe cO cTpeioid. OTHOCHTENBHO 3TOro
HaOMIoaTens cTpelia MoKouTcsa, u e€ JiuuHa paBHa Lo. Paccrosnue mexmy
MEIHBIMH TUJIACTUHAMHU, JIBUKYIIUMHCS OTHOCUTEIBHO CTPEJbl CO CKOPOCTBHIO V,
OTHOCHUTEJIBHO 3TOTO HAOJIIOIaTEeNsl PAaBHO

d =

T.. B CHUCTeME OTcu€ra CTpelibl paccTositHue Mexnay miactuHamu BCELJA
MEHBIIE JJINHBI CTPEJIBI U, CTAJIO BbITh, CTPEJIA BCEI'JA, IIPU
JIIOBOMI CKOPOCTHM JIBMXKEHHSI CO3JIAET KPATKOBPEMEHHbBIN
KOHTAKT, npuBogsmmii K pa3psjay KOHAEHCATOpa M OTKIOHEHUIO CTPEIKU
amriepMeTpa (CKOpPOCTh 3J1. TOKa, KaK M3BECTHO, paBHa CKOPOCTHU CBETa, KOTOpas
MHBapuaHTHa: «TOK — HampaBJIECHHOE NBWKEHUE 3aPSKEHHBIX JJIEKTPUUYECKHUX
yacTull. BenmnunHa TOKa HM3MEPSETCS TAK HA3bIBAEMOM CHIIOW TOKa, KOTOpas
M3MEPSETCA B aMIiepax.

CKOpOCTh IBUKEHMSI YAaCTHUI[ 3aBUCUT OT MaTepualia MPOBOJHUKA, MACChl U
3apsia 4YacTULbl, OKPYXKAIIEW TEMIEpPaTyphbl, MNPUIOKEHHONM PpPa3HOCTH
MMOTECHIIMAJIOB W COCTAaBJISICT BEJIMYMHY, HAMHOTO MEHBIIYI0O CKOPOCTH CBETAa.
HecmoTtps Ha 3TO, CKOPOCTh pacpOCTPAHEHUSI COOCTBEHHO BJIEKTPUUECKOTO TOKa
paBHa CKOPOCTH CBETa B JJAHHOU cpefie, T. €. CKOPOCTH pacipocTpaHeHus: GppoHTa
AJIEKTPOMArHUTHOU BOJIHBL...»

[IponomkeHre HaXo0AUM B CIIEYIOIIEM COOOIICHUH Ha popyme.

«y Hac *e, B JaHHOM J3KCIIEpUMEHTE, UCIIOJIb3YETCsl JKEJIE3HAsl MEPEMbIUKa
(apbaneTHas ctpena), CKOPOCTbh PACHPOCTPAHECHUS DJICKTPOMArHUTHON BOJIHBI B
KOTOpPOM paBHa CKOPOCTH CBETA B BaKyyME. ..

Takum 00pa3om, MbI HEM30EKHO MPUXOIUM K MPU3HAHUIO TOTO (PaKTa, 4To
I[TPU ITOCJIEAOBATEJIBHOM [MTPUMEHEHUN «TPUHLUITA
OTHOCUTEJIBHOCTN» UMEET MECTO HAPYIIEHUE ITPUYMHHOCTH -
KOTJla B OJIHOM «CHCTEME OTCU€Ta» (CBSI3aHHOW C JIETAIICH CTpeJod WU C
OerymuM KpOKOAWIoOM) coObiTue (3aMbikaHue KoHTakToB) I[I[POUCXOIUT
BCEI'JIA, a B n1pyroii «cucteMe 0TcuéTay (CBS3aHHOW ¢ KOHTAKTaMHU-TUIACTUHAMM )
- e mpoucxoaut (L' kopoue, yeM do, 1 OJTHOBPEMEHHOTO KOHTAKTA MEPEMBIYKU C
minactuHamu, 4To siBi. HEOBXOMMBIM YCIIOBUEM JJIS 3AMBIKAHUWA
SJIEKTPUYECKOM 1IEITH, Her) ...

[lomararo, Tenmepp MOKHO HAKOHEL MOCTaBUTh TOYKY B CIOpE C
pemsituBu3MoM! Ha «mapamokc apOaneTHON CTpenbl» PeSTUBUCTaM BO3PA3UTh
Heyero!»

BeiBog oxumaemblii. M3BeCTHO, 4YTO OCHOBHOM II€JIbIO  BBISIBJICHUS
MapaJlOKCOB B CIELHUAJIBbHOW TEOPUU OTHOCUTEJIBHOCTU SIBJISIETCS CTPEMIICHUE
MoKa3aTh €€ BHYTPEHHHUE MPOTHUBOPEUHS, UYTO O3HAYaJO0 Obl HECOCTOSTEIHbHOCTH
teopur. HO Bce mapagoKChl, B KOHEYHOM CYETE, OKAa3bIBAIOTCS MHUMBIMH,
c(hOpMYyJIMPOBAaHHBIMU Ha OCHOBE OIIMOOYHBIX BBICKA3bIBAHUM, MpeICKa3aHUH,
KOTOpBIC HE SABJISIIOTCSA BBICKA3bIBAHUSIMHU, MPEACKA3AHUAMU CHEHUAIBHON TEOpUU



OTHOCUTEIBHOCTH U MPOTHUBOpPEYAT €. ITO KacaeTcs U OMUCAHHOTO «IapajoKca
apOayeTHOM CTpebI».

PaccmoTtpum ero 6osee aetaqbHO M HalAEM OomMOKY B (OPMYIHUPOBAHUU
ATOT0 MHUMOTO Mapajokca. Mbl OTKakeMcsl OT aMmrepMeTpa u OyJieM nmpoOuBaTh
CTpEJIOil caM KOHJIEHCATOP, COCTOSALIMI U3 ABYX MuacTuH. o 3aBepiieHunto omnbita
Mbl MOKEM IPOBEPUTb, COXPAHWIICA JIM 3apsii Ha €ro IUIACTUHAX JIIOOBIM
JIOCTYIHBIM (pU3MYecKUM MeToAoM. Eciu cTpena 3aMKHET TUTACTHHBI, TO PA3HUIIBI
MIOTEHIIUAJIOB (3aps/I0B) HA HUX HE OyeT.

ABTOp paccMaTpuBaeT BapuaHT, KOTJa CTpejia JTTMHHEE PACCTOSHUS MEXKIY
miactuHamMu. Ho 1y1st Havana OyJieM cuMTarh, UYTO OHU PaBHBI: JJIMHA CTpenbl Lo B
TOYHOCTH paBHA PACCTOSIHUIO MEXTYy IIacTuHaMK Op. ITO rapaHTHUPOBAHHO JCTIACT
IpU JBIKEHUU €€ JJIMHY MEHbIIE PAcCTOSIHUS MEXIy IuiacTuHaMu. CKOpOCTh
JIBUKEHUS BbIOEpEM ONpeNeEHHO CyOCBETOBOM, «OKOJIOCBETOBOM», MpUUEM i
yan00CTBa BBIYUCIICHUN W MOCTPOCHUH, MyCTh OHA OyneT Takon V=0,968246¢, uTo
ko3 PUIMEeHT JIopeHiieBa cokpaiienust Oynetr B TouHoctu paBeH 0,25. To ects,
MpU JABUKEHUU C TOM CKOPOCTBIO CTPENa COKPATUTCS POBHO B 4 pasa. 31ech u
Janee 1Mo BO3MOXXHOCTHM OyJeM UCIOJIb30BaTh CHCTEMY €IWHHIl, B KOTOPOH
CKOpOCTh cBeTa c=1. YpaBHeHus JIopeHla BBIMISAAAT KOMIIAKTHEE, €CIM BMECTO
abcomotHoit ckopoct MCO wucmnonb3oBaTh €€ CKOPOCTh B JOJIIX OT CKOPOCTH
cBeTa. J[eHCTBUTEIBHO:

=1, 1-Y0 _1, 1—M=Lmn—kﬁ = [\1-12
2 .

c
rae
k - nons ckopoctn MCO oOT CKOpOCTH CBeTa, KOTOPYIO Ya00HO 0003HAYaTh

CUMBOJIOM CKOPOCTH V.
JInst 3a1aHHOM CKOPOCTH MOJIYYaeM:

L'=I\1-v* = L,/1-0,968246° = 0,25
[IpoGoii mmactun ¢ Touku 3peHuss MCO koHaeHcaTopa NpHUBEAECH HA
pucyHke. B Bue aHMMaIyu KapTHHY MOKHO YBHIETH B [3].

TTapanoxc ap6aneTnoif cTpenst. JIeTaas MeTaIIgecKas CTpeTa IpoomBaeT 0OKIANKI 3apSKEeHHOTO KOHACHcaTOPa. B cOCTOSHII TTOKas ITHHA CTPETHI I
paccTosHNe MEK Iy OOKTAAKaMII PaBHBIL B clicTeMe 0Tc4eTa KOHACHCATOPa CTpe/a COKPALIAST s 1, KaK BUAHO Ha aHNMAILIIIH, HE MOKET 3aMKHYTh I
paspaauTh koHaeHcaTop. HanpoTus, B ccTeMe OTcUeTa CTPeNIbl OHA OKA3BIBAETCA JUTHHHEE 1, KaK 0XKHIaeTcsA, JOILKHA Pa3pAIITh KOHISHCATOP.

Ckopocts cTperns! v= 0,968246¢
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Puc.1 IInactuHbl KOHJEHCATOpa MPOOUBAIOTCS apOanieTHOM cTpesoi. BeneacTaue
nopenueBa cokpaiienus crpena B MCO koHaeHcaTopa HE MOXKET OJHOBPEMEHHO
KOCHYTBCS IBYX TUIACTHH, 3aMKHYTh U Pa3psiAUTh KOHACHCATOP.

Kak ™Mbl BuauM, mpu paBeHCTBE B COCTOSHUM IOKOS JUJIMHBI CTPEJbl U
paccTOsSHUS MEXy INIACTUHAMM KOHJIEHCAaTopa paspsiaa He OyJeT.

Hanporus, ecnmu nepeiitu B UCO cTpensl, TO YKOPOYEHHBIM OKaXETCS
pacCTOsTHUE MEXAy IUIaCTUHAMHU. Teneph yKe CcTpesa BIIOJIHE MOXKET KOCHYTHCS



o0erx IUIACTUH OJTHOBPEMEHHO U, KaK OXHUIAEeTCs, pa3psAauTh KOoHAeHcaTop. B
BHUJIC aHUMAIIUK KapTUHY MOYKHO yBHIIETh B [3].

ITapanoxc apdaneTroif cTpensl. JleTalas MeTalIHIecKas cTpesia IpoorBaeT 00KIaIKH 3apaAKeHHOTO KOHAeHcaTopa. B cocToAHINI TToKas UTHA CTPemkl I
PpaccToAHIe MeKIy 0OKIaIKaMH paBHBL. B crcTeMe oTcdeTa KOHIeHCATOpa cTpesa COKpaIlaeTes I He MOKeT 3aMKHYTh H pa3psaanTh KoHAeHcaTop. B
CHCTeMe OTcdeTa cTpeTbl OHA OKa3biBaeTcs JUINHHee 1, KaK OKIIaeTcsd, Io/KHA pa3psaauTh KoHneHcatop. OmHaxo, 9To HepepHo. Iloce kacanms cTpenoit
BTOpOI 0OK/IaIKH KOHIHCATOPA CHTHAT 00 3TOM B BIIE IEKTPOCTaTIdecKoro noyt (DC-Mol), paclpocTpaHAIOLIerocs II0 CTPelie CO CBEeTOBOI
CKOPOCTBIO, He yelleeT IOCTUTHYTh NepBoii (1eBoii) 0OKIaaK! Io TOTOo, Kak CTpeia BeliineT u3 Heé. KoHTakTa He OyIeT H KOHICHCATOP He PaspsIHTCA.
Ckopocts cTpensl v= 0,968246¢
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Puc.2 IlnactuHbl KOHAEHCATOpa MpoOUBarOTCs apOaneTHou cTpenoi. BeneacTrue
nopenueBa cokpamenus, B MCO cTpesnbl pacCTOSTHHE MEXKIY TUIAaCTUHAMU MEHbIIE
JUIHHBI cTpelbl. OIHaKo, pa3psaaa KoHAeHcaTopa He OyeT.

Ho 1o nuiib kaxymuiics pe3ynbTaT. Paspsiaa mactud He Oyner!

B coOcTBeHHOM crcTeMe TTOKOS CTPENa HE COKPAIAETCS M UMEET UCXOIHYIO
nuHy.  PaccTtosiHue MexIy JABWKYIIMMUCS —IUIACTUHAMU TIPU  BBIOpaHHOM
CKOPOCTH, HalpOTHUB, COKpaTUTCi B 4 pa3a u OyAeT MEHbIIE JJIUHBI CTPEIIbI.
CrnenoBaTelbHO, KaKOe-TO BpeMs CTpesia OyAeT KacaTbCs OJTHOBPEMEHHO O00erx
wiactud  (Puc.2 a, b, €), 4ro, kaszajgoch Obl, JOJDKHO BBI3BATh pa3ps
KoHAeHcaropa. Ho 310 HeBepHOe mnpenmnonoxenre. OpoHT 3IEKTPOCTATUUECKOTO
IIOJIS1 IBUKETCS] B METAJIJIE CTPEJIBI CO CKOPOCTBIO CBETA, HO CaMU IUIACTUHBI TAKKE
JBIDKYTCSL CO CKOPOCTBIO, ONM3KOM K cKopocTH cBera. Ha puc.2 sto moie
M300paKEHO KPacHOM TOJIOCKOM Ha cTpene u o0o3HaueHo kak DC-moie. 3apsn
KOHJIeHCAaTOpa 0003HAYEH 3HAYKAMHU TUTFOC U MUHYC PSJIOM C TuiacTuHamu. OpoHT
BOJIHBI, COIJIACHO BTOPOMY TIOCTyJaTy (TIPHUHIMIY) CHCHHAIBHOW TEOPUHU
OTHOCUTEJIBHOCTH, OY/IE€T IBUTAThCS OTHOCUTEIBHO CTPEJIBI CTPOTO PSAJIOM C TaKUM
e (PPOHTOM CBETOBOTO JIyya, KOTOPHIA MOT OBITh UCIYIIEH OT OCTPHUS CTPENbl B
MOMEHT KaCaHHUSI.

JlelicTBUTENBHO, BTOPOM TOCTYyJAT (NMPUHLMUI) CHEHHAIBHON Teopuu
OTHOCUTEJIbBHOCTH YTBEPXKIAET, YTO CKOPOCTb CBETOBOW BOJIHBI HE 3aBUCUT OT
TOT0, UCITYCKAETCsI OHA MTOKOSIIUMCS UJIU JBUXKYIIIUMCS TEJIOM:

«Kaxnaplil 1yd cBETa IABUXKETCS B «IOKOSIICHCS» CHCTEME KOOPAMHAT C
ONPEAEIEHHOW CKOPOCTBIO V, HE3aBUCUMO OT TOTO, MCIIYCKAETCSA JU ATOT JIy4
CBETA MOKOAIIUMCS WA ABWXKYIIUMCA Teaom» (DiHITeH, «K anexrpoanHaMuke
JIBWXKYIIUXCS Te», 1905 1.)

DTO 03HayaeT, 9YTo (PPOHT MO OyJIeT BCETJa UITH «HO3IPS B HO3APIO» C
Jy4OM CBETa, HMCOYUIEHHBIM OT KOHYMKA CTpEIbl B TOT MOMEHT, KOrJa OHa
KOCHETCs BTOpo# mactuHbl (puc.2a). Ilpm 3ToM mepBas IulacTHHA (JIeBas)



yaanseTcs OT KOHYMKA CTPEJIbl MOYTH CO CKOpOCThio cBeTa - 0,968c, HO BcE-Taku
MeHbIlel, yeM ckopocth cBera (Puc.2b). Xors anmektpocrarmueckoe mone B
METajuie CTpeJibl W PACHpPOCTPAHSIETCS CO CBETOBOM CKOPOCTbIO, HO BTOpas
IJIaCTUHA HENPEPBIBHO «yOeraer» OT ero ()poHTa U CBETOBOM BOJIHE HE XBaTUT
BpPEMEHU, YTOOBI €€ JJOTHATb.

N300pakeHre MoCcTpoeHO Ha OCHOBe pacueToB 1o ypaBHeHusM CTO u Ha
HeM xoporio BuAHO (Puc.2¢), 4To B MOMEHT BBIXO/Ia CTPEJbl U3 BTOPOU (JIeBOM)
IJIACTUHBI, (POHT BOJIHBI DJIEKTPOCTATUYECKOTO TMOJs Tak €€ W HE JIOCTHI.
JIBUOKEHUs SJIEKTPUYECKUX 3aps0B HET, TOKa HET, pa3psja KOHIEHCAaTOopa HET.
Mpbl  3mech  00si3aHBl  ONpEAENEHHO  NPHU3HATH:  CHELUalbHAs  Teopus
OTHOCUTEJIBHOCTH cJlieflaja JBa TOXKIECTBEHHBIX IMPEACKA3aHHUs B OTHOIICHHUU
OJIHOTO M TOTO K€ Tpoliecca: MpoOUTHs KOHIeHcaTopa cTpesoid. [lapagokca HeT.

[IpuBeném 3T ypaBHEHHsI, HA OCHOBE KOTOPBIX MOCTPOCHBI U300paKEHUS U
aHumanuu. B cucteme orcuera konuencaropa, B ero MCO crtpena Oyner umeTh

JUTHHY:
L =L1-v"

N3navanbHo aig yaoOCTBa MOCTPOCHUM MBI BBHIOpAM KOI(PPHUIMEHT JOpPEHIIEBa
CXKaTwHsl, paBHbIN 4eTbIpeM. TO €CTh:

Ly 1 2

L, 4
Takoe cxxkature OyJeT MPOUCXOUTh MPU CKOPOCTHU:

i:]—r:

16
15 5
V= ;—é = s =0.968246

A
Jns mpocToTel mpumem, 4To JnuHa crpenbl Lo=1. OueBuagHO, 4TO BpeMs Ha
MPEOJI0JICHUE ATOI0 MHTEpBaia JIy4OM CBETa WU (PPOHTOM DJICKTPOCTATHICCKOTO
T10JIsI paBHO:

Hetpynno y0OenuThbesi, 4TO KakJasi IJIACTMHA KOHJIEHCATopa HpOMAET 3a BpeMs
MapHOTO KOHTAaKT TOAbKO 0,75 mnuHbl cTpenbl. Ha 3T0 y HUX OpH IBUKEHUU C
BBIOPAHHOW CKOPOCTHIO YHJIET BpEMSI:
0.5
0.968246

DTO BpeMs, B TEUEHHE KOTOPOrO COXPAHAETCA KOHTAKT MEXKAY IUIACTUHAMU,
OTHOBPEMEHHBIM, MapHbIA KOHTAKT MX CO cTpesiod. C apyroil CTOPOHBI, 3a 3TO
BpeMsl TaPHOTO0 KOHTAKTa (PPOHT 3JIEKTPOCTATHUECKOTO MOJISI CO CKOPOCTHIO CBETA
IIPOMIET IYTh B JOJISAX AJIMHBI CTPEIBI.

s,=cty=0.774597

Takum oGpa3oM, JieBasi MIACTHHA 3a 3TO BpeMs JAOUAET A0 KOHIA CTPEIbI,
npaBasi mjactuHa — A0 otMeTku 0,75 oT €€ IiuHbL, a PPOHT MOl — 10 OTMETKHU
okono 0,77 or e€ mMHBL. OTU 3HAYEHUS 3aJI0KEHBI B AJITOPUTM IOCTPOCHUS
pucyHkoB U anumanui. Kak BuauMm, (QpoHT mosisi HE ycmen JOTHaThb BTOPYIO
(JIeBy10) TUIACTUHY JI0 TOT'O, KaK CTpesia BhIIIA U3 HEE.

4] =0,774597



OTMCTI/IM, 4TO PpCEIICHUC HC 3aBHCHUT OT a0COJIFOTHOM AJIMHBI CTPEJIbI U
PACCTOSIHUA MCXKAY INIACTHHAMMU. I[OCTaTO‘lHO TOI'0, 4TO B COCTOSHHH ITIOKOS OHH
PaBHEI. ﬂCﬁCTBHTCHBHO, npun JABHKCHHKU PACCTOSAHHUC MCKAY IINIaCTUHAMU
KOHICHCATOPA COKPATUTCA N0 BCIIMYMHBI:

=
I =Ly\1-v
HpI/I ABHIKCHHUU CO CKOPOCTBIO V BpEMA COBMCCTHOI'O KOHTAKTa COCTABHUT:
E?\‘OHJ?T = (‘[‘O _I‘r. )"' v

Winn:
LO(] —y1-v7 )

v
3a 310 Bpemsi GpPOHT MPOUAET MyTh B HOJSAX OT AJIUHBI CTPEIIBI:

cr,\.OHm:LO(l—xf]—r:) 1—~1-1v2

L, v v
[IpaBas nnacTuHa, OYEBUIHO, IPOUJIET YACTh Ty TH:
"‘r?-:oﬁm _ LO (] —v1l-v"
L, v
I[JBI PAaCCMOTPCHHOI'O BBIIIC ITPHUMCEPA I10JYy4YaCM BBIYHUCIJIICHHOC BBIIIC 3HAYCHHC

JUTSL Ty TH, TTPOUIEHHOTO ()POHTOM TIOJIA:
v =0,968246

Leonm =

):1— 1—v*

I-41-v?  1—+/1-0,968246 >
v 0,968246
HOJ_IytIeHHBIC BBIPAXXCHUA ITO3BOJIAIOT CACIIATHL BBIBOJ, YTO IIPW PAaBCHCTBC
9TUX JUIMH, KOHJIEHCATOP HE OyAeT pa3psykKeH HU MPH KaKod CKOpOCTH. YToObI
(POHT TOJIS 3a BpeMsI TAPHOTO KOHTAKTA MPOMIEN BCIO UTUHY CTPENIBI, S JOJKHO
6BITB paBHO CIAWHUIIC. 910 AOCTUTACTCS JIMIIb IIPU JABHMXXKCHHMHU KOHACHCATOpaA CO
CKOPOCTBIO CBETA, YTO HEBO3MOXKHO.

=0,774597

S =

JlinHHas cTpesa

B opurnHanbHOM BepcHM MapaJoKca IMPUHATO, 4YTO JJIMHA CTPEIIbI
HECKOJIBKO OOJIbIIIE PACCTOSHUS MEXy ITJIaCTUHAMM KOHJeHcaTtopa. B mpuHSATHIX
aBTOPCKUX O0O3HAYEHUSX B COCTOSIHMM TIOKOSI JJIMHA cTpenbl Lo, a paccrosiHue
Mexay ookmagkamu do. Mcnomnb3ys cucTeMy €IUHHII C €AMHUYHON CKOPOCTBHIO
cBera c=l, moaydaeMm, 4YTO B CHUCTEME OTCUYETa CTPEIbl PACCTOSHUE MEXKIY
OOKJIaJIKaM¥ TMPU JBUKEHUU CO CKOPOCTBIO V CKMMAETCS JIO:

d'=dyJ1-v*

BpeMmsa Ha mpoxoxkaeHue CTpesbl CKBO3b KOHJEHCATOp OT MOMEHTAa BXOJa
CTpeJIbl BO BTOPYIO OOKJIAJKy U JIO BBIXOJA KOHIIA CTPEJbI U3 MEPBOU OOKIIAIKH
COCTaBJISIET:

Lo—a":LO—dO 1—v~
v v
DTO NEUCTBUTENBHO TaK, MOCKOJIBKY B MPOLECCE B3aUMOAECHCTBUS CTPEIbI U
KOHJIeHCATOpa JieBas IUIaCTMHA NPOMCXOMUT HMHTEpBal, paccTosHue Ha o

I, =



MeHblee, 4yeMm anuHa Lo crpenbl. [lo HEro u mociie HEro HeT KOHTaKTa MEXIY
CTpEJION U KOHJIEHCATOPOM, TPUBOJISILIETO K €r0 pa3psay.

C npyroii cTOpoHBI, COOCTBEHHO pa3psijl KOHAEHCATOpa HE MOXET Ha4yaTbCs
paHbllie, 4eM CTpesia KOCHETCS mpaBoil (BTopoil) oOkianku. CrenoBaTenbHO,
MMEHHO CTOJIKO BpEMEHH — s €CTh U y TpaBoil OOKIIaKH, YTOOBI NepeaTh CUTHAI
JeBOl 00KIanKke B BUJE (PpOHTA SJIEKTPOCTATHUECKOTO TOJIS, ABMXKYLIETOCS CO
CKOpOCThIO cBeTa. [103TOMYy OYEBHIIHO, YTO B MOMEHT KacaHUsl CTPEJoi MpaBoit
OOKJIaJIKK pa3psiji KOHJEHCATOpa HE MOXET HAayaThCA: AJIEKTPOCTATUYECKOE IMOJIe
Ja’KE CO CKOPOCTBIO CBEeTa emié He JOCTUIVIO BTOpoi oOkiaaku. [locMoTpum,
KaKOM TOYKHU JOCTUTHET 3TO MOJ€ B MOMEHT BBIXOJa CTPEJbl U3 JEBOM OOKIAIKU.
MpbI BBIYHMCIINIIY, YTO BpEMs Ha Iepeaady 3TOT0 CUrHaja paBHO s, 3HAYUT, CUTHAII
OJISL 32 3TO BpeMs MPOUAET CO CKOPOCThIO CBETA MYTh Cts MIIM, C YYETOM MPUHSITON
CUCTEMBI €ANHUI], B KOTOpOoil c=1, t;. CpaBHUM MIyTb, NPONACHHBIN (HPOHTOM MO
U JJIUHY CTPEJIbI Yepe3 UX OTHOIICHHE:

Lo —dyy1-17

L, vl
Hanpumep, Uil pacCMOTPEHHOIO BBIIIE CiIy4as PaBEHCTBA [UIMH U CKOPOCTH
v=0,968246¢ nomydaem:

t, Ly—LyNl—-v* 1- \/1 —0.968246 %  1-0.25
L, vl 0.968246 0.968246
Kak BBIYHCIICHO BBINIE, 32 BPEMs IIAPHOIO KOHTaKTa MYTh, IPOWICHHBIH
(GbpPOHTOM OIS, COCTaBIsAET B N0JAX JIauHbI ctpensl t=0,77. Kak Buaum, GpoHT
AJICKTPOCTATUYCCKOTO IMOJIS TaK M HE JOCTHT KOHIIA CTPEJIbI, 3a BpeMs, IOKa OHa
OblJIa COBMEIIEHA C JIEBOM OOKIIATKOW KOHACHCATOpa, BPEMs IMAPHOTO KOHTAKTA.
CurHaj 1oJist MPONIEN JIUIIh 9acTh PACCTOSHUS MKy OOKIIaKaMH KOHACHCaTOpa
do/(ts-(Lo-do)) = 0,25/(0,77-0,75) = 0,25/0,02 ~ 12,5 — nmpuMepHO TPUHAALATYIO
Y9aCTh 3TOTO PACCTOSIHUS.
Tenepr paccMOTpMM BapHWaHT, KOT/a CHUTHAN TOJSI BCE-TaKW JTOCTUTHET
KOHIIA CTPEJIBI I0 TOTO, KOTJa CTpesia BBIMIET U3 BTOPOU OOKIIAIKU, TO €CTh:

I _ Ly—dyvl—v~
L, vL,
OueBUIHO, YTO ATO TOT MOMEHT, KOTJla pa3psiJl KOHJAEHCATOpa, HAaYaBIIUCh,

TaK U HC 3aBCPIIUTCS, ITIOCKOJIBKY 3TO OTHOIICHUC COOTBCTCTBYCT U MOMCHTY €TI0
3aBCPHICHUA, TO €CTh, 3TO IIPCACIIbHOC 3HAYCHUC OJIMH U CKOPOCTH. 4 3 BBIPAKCHUA

HaXOAHUM:
vLy =Ly —dov1-v*

[IpeoOpazyeM BbIpakeHHE TakUM OOpa3oM, YTOOBI Y3HATh MpPeACNIbHOE,
KpaiiHee 3HaYeHNE OTHOIICHUS JJIMHBI CTPENIBl U PACCTOSHUAS MEXKTY OOKIIaIKaMH,
IPY KOTOPOM Pa3psiJi BOZMOKEH:

Ly(1—v)=dyv1—v*

Ly V1—v? B JO=v)1+v) _\/l+1‘ _\/1+1‘
do 1ov Ao v Aiov Vi

=0.774596
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I[J'IH paCcCMOTPCHHOI'O BbBIMIC PpaBCHCTBA MOJIMH KaK CICACTBUC MOXXHO

TOJIYYUTh PE3YJIbTAT:
Ly (l+v :
d, 1—v

Kax Bunum, He CyIecTByeT TaKOi CKOPOCTH V, IIPU KOTOPOH 3TO paBEHCTBO
cOOJII0/JaeTCsA: MPU PABEHCTBE JIJIMHBI CTPENbl U PACCTOSTHUSL MEXKY OOKJIaJKaMu
KOHJIEHCATOpa CBETOBOM CHUTHAJI AJICKTPUYECKOTO TMOJsi HE YCIEBAeT JOCTUYh
BTOpOM 0OKIaaku. Kak BBIICHEHO BBbIIIE, KOHACHCATOP HE OYJET pa3psKeH Takke
U C TOYKH 3PEHUSI CUCTEMbI OTCUETA CTPEJIBI.

N3 nosayyeHHOTo BBIPAKEHUS CIEAYET, UTO pa3psiaKa KOHIAECHCATOPAa MOXKET
HAYyaThCs JIMIIb MPU OTHOIICHUM JIMH, COOTBETCTBYIOIIEM KaXKI0W KOHKPETHOU
ckopoct. [ paccMoTpeHHOM HaMu ckopocTH B 0,968246¢ 3TO OTHOIIEHUE
PaBHO:

L, _ 1+0.,968246 _ 1.968246 _ J61.98 =79
M, 1-0.,968246 0,031754
OTO 3HAYUT, YTO PA3psA KOHIEHCATOPA MOXET HAyaThCs, TOJBKO ECIH
JUIMHA CTpesbl OOJibllle IIMPUHBI KOHJEHcaTopa IMpUMEpHO B 8 pa3 u Oolee.
[ToaTOMY 3asBI€HUE aBTOpA «Iapago0Kca» O TOM, YTO CTpena JNINHHEE pacCTOSHUS
MEXIy IUIaCTUHAMM, IO KpalHEW Mepe, HETOYHOE. DTO <JUIMHHEE» HE MOXKET
IIPEBBIIATH BEJIMYMHBI, COOTBETCTBYIOLIEH IIOJIYYEHHOMY BBIpaXkeHUr0. Eciu
JUTMHA 00JIbIlE, TO KOHACHCATOP OYJET pa3psiKeH ¢ 000N TOUKU 3PEHMUSL.
ITokakeM 3TO HArIsAHO HAa PUCYHKE, HA KOTOPOM JUIMHA CTpeisl B § pa3s
Ooybllle pacCTOSHUS MEXIy OOKIaJAKaMH B COCTOSIHUM TOKOs. PucCyHOK
COOTBETCTBYET CHCTEME OTCUeTa CTpejbl. B BHUae aHUMauu KapTHHY MOXKHO

yBUETH B [3].

Tapamoxe apbareTHol cTpernsl. JIeTsamas MeTaTIecKas cTpea IpobuBaeT 0OKIanKN 3apsKeHHOTO KOHISHcaTopa. B cOCTOSHINT MoKas UIMHA CTPENTBI I
PAacCCTOAHHE MEXKIY OﬁKJ'[a,ElKaMII PaBHEI. B cucreme orcuera KOHACHCATOPa CTpeIa COKpamaeTCsa i1, Kak BIIHO Ha aHHMAaIN, HE MOXKET 3aMKHYTh H
PpaspAONTh KOHACHCATOP. Har[po‘n-rs, B CHCTEME OTCHETA CTPEIIBI OHA OKAa3bIBACTCA JIIMTHHEE 1, KaK OXKIJACTCA, JOIKHA PaspsaaHNTh KOHIACHCATOP.
Cxopocts cTpens! v= 0,968246¢

BepTHKaIbHAS CTPeJIKa - I0JI0KEHHE IIPABOii ILIACTHHBL, €CIIH B COCTOSHIN HOKO4 IMHPHHA KOHIGHCATOP B 8 pa3s MeHbIle, YeM [UIHHA CTPEIbl.
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Puc.3 ITnactunsl KOHJIEHCaTOpa NpoOuBaroTcs apbaneTHou crpenoid. HecmoTps Ha
JOpeHIeBO cokpanieHue, crpena B MCO kKoHmeHcaTopa IMpU HEKOTOPOM JIMHE
MOKET OJHOBPEMEHHO KOCHYTHCS JBYX IJIACTUH U Pa3psIAUTh KOHJIEHCATOP.

Ecnu npu BEIOpaHHOM CKOPOCTH JBUKEHHUS PACCTOSIHUE MEX]Y TUIACTHHAMMU
KOHJIEHCATOpa B COCTOSTHUU TMOKOS OyJeT B 8§ pa3 MEHbIIE JJIUHBI CTPEJbl, TO
paspsa  KOHAEHcaTtopa MpoM30MIET. Ha aHMmauuMm TOHKOW BEPTUKAIBHOU
CTPEJIKOM MOKa3aHO MOJIOKEHHWE BTOPOM (MpaBOM) IMIACTUHBI, €CJIM PACCTOSHHE
MEXKJy HUMH B COCTOSIHUM TOKOS YyMEHbIIMTH B 8 pa3. Ha pucyHke mokas3aHsbl
JNEWCTBUTEIBHBIE TIOJIOKEHHUS TUIACTHUH.



MoMeHT, Korga crpena KOCHETCS BTOPOM IIACTHHBI, MOKa3aH Ha puc.3a,
MOMEHT €€ BBIXOJa W3 IepBOM (JeBo¥) miaacTuHbl — Ha puc.3b. Ha pucynke
3aMETHO, YTO B MOMEHT KacaHHWs JIEBasl IJIACTUHA HAXOJUTCS POBHO MOCEPEAUHE
ctpenbl. CrnegoBaTelibHO, (PPOHT AJIEKTPOCTATUUECKOrO TOJIsA, HauyaB JIBUKEHUE B
TOT MOMEHT, ONPENEIEHHO IOCTUTHET BTOPOWM IUIACTHHBI PaHbIIE, YEM KOHEI
CTpeJibl BhIMAET U3 mepBoid. Pa3psia koHaeHcaTtopa OyaeT ocymiectBieH. [Ipasna,
CJIelyeT YTOYHUTh, AJIsl TOTO YTOOBI BECh 3aps]l MEPETEK C MIACTUHBI HA MIJIACTHHY,
CTpeJia JI0JbKHA ObITh UyTh JUIMHHEE, YeM TpeenbHoe 3HaueHue. KpaTHocTh AiiuH
8 COOTBETCTBYET BO3MOXXHOCTH Hayaja Ipolecca pa3psAlIKd KOHJIEHCATOopa.
[IpenenbHoe 3Hauenwe paBHO /7,9 U, MOATOMY OTHOIICHHE &, BO3MOXKHO,
oOecIeyuT 3aBepllieHue pa3psjaa.

Kazanocp Obl, oueBuIHBIN paspsan ¢ Touku 3peHuss MCO ctpenbl, Kak
OKa3ajoch, U MOKA3aHO HA aHMMAllUH, HE BCErJa OCyUIECTBUM. BO3MOXHBIM OH
CTaHOBUTCS TOJILKO B ciiydae 0oJiee JUIMHHOW CTPEJIbl, 4YeM IIMpUHA KOHAEHcaTopa.
Ha pucyHke u aHMManuy IMOKAa3aHO, YTO NPU OTHOLICHWH [JIMH, PABHOM &, H
3aIaHHON CKOPOCTU (DPOHT MOJIST YCIEBAET JIOCTUYbh BTOPOU IJIACTUHBI JI0 TOTO,
KaK CTpeJa BelieT u3 He€. B Buie aHMMAIMK KapTHHY MOXKHO YBUIETH B [3].

ITapanokc apbaneTHoii cTpernsl. JleTalad MeTamIdeckas cTpesa NpoduBaeT oOKIaIKH 3apsKeHHOT0 KOHeHcaTopa. B cocTog N mokas [UniHa CTpensl I
paccTosHNe Me;KIy 0OKIaIKaMH paBHEL. B cHcTeMe oTcueTa KOHIgHCATOpa CTPelia COKpallaeTesd H He MOKeT 3aMKHYTh I pa3psaanTh KoHAeHcaTop. B
CHCTEME OTCUETa CTPEeIbl OHA OKA3EIBASTCA IUIIHHEEE 1, KaK OXKIIAeTCA, JODKHA Pa3psaaNTh KoHAeHcaTop. OnHako, 310 HepepHo. Ilocie kacaHus cTpenoil
BTOPOII 0OK/IAIKH KOHICHCATOPa CHTHAI 00 3TOM B BIJIE 3/IEKTPOCTaTHIECKOT0 Ho1 (DC-1oIL1), paclpOCTPAHIIOLIETOC IIO CIPENIE CO CBETOBOI
CKOPOCTEIO, HE YCIICET NOCTHIHYTh IIePBoii (JIeBoil) OOKIaIKI IO TOTO, KaK CTpela BeliineT 13 Heé. KoHTakTa He OyaeT I KOHACHCATOD He PaspsAINTCs.
Cropocts cTpens v—= 0,968246¢

BepTHKaTbHAL CTPENIKA - TIONOKEHHE JEBOIT INTACTHHEL, ECITH B COCTOSHHII TIOKOS LIIPHHA KOHACHCATOP B 8 pas MEHbILIE, YeM [UTHHA CTPEIbL.
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Puc.4 Ilnactunsl KoHAEHCAaTOpa MpoOUBaOTCs apbaneTHou cTpenoi. HecMoTps Ha
TO, YTO BCJEACTBUE JIOPEHIEBA COKpAUIeHUS IIMPUHA KOHJEHcATopa CTpejia B
NCO cTpensl MHOTOKPAaTHO KOPOYE CTPENbI, HA pa3psil KOHAECHCATOPA OTBOAUTCA
JIUIITH KOPOTKWA HHTEPBAJl BPEMEHHU.

Briie Ha puc.3 u aHuManuu ObUIO BUJIHO, YTO TOJIE€ HE yCMEBaeT JIOCTUYb
BTOPOM TUJTACTUHBI JO BbIXOJA M3 HEE CTpenbl. 31AeCh k€ Ha puc.4 TOHKOMN
BEPTUKAJIIBHOM CTPEJIIKOW IMOKA3aHO HOBOE TMOJIOKEHUE JIEBOM IUIACTUHBI I10
oTHomeHuto Kk npaBoi B MCO crpernbl, Korja mupruHa KOHJIEHCATOpa B COCTOSHUU
MOKOSI MEHbBIIE JJIUHBI CTpesibl B & pa3. I[Ipm TakoM COOTHOLICHWM IJIMH, Kak
BUJIHO, GPOHT MOJIs, HAYaB PaclpOCTPAHEHHE B MOMEHT KacaHUs CTPEJIoN MmpaBoi
acTuHbl (prc.4a,b) ycneBaeT 10CTHYD BTOPOH, «TOHKOMY IUTACTUHBI JI0 TOTO, KakK
cTpesna BeliieT u3 Heé (puc.4c).



Wtak, Mbl yBUJENM, YTO MpeCKa3aHus napajgokca o0 apOajeTHOU cTpere,
CICJIaHHbIE IIUTUPYEMBIM  aBTOPOM, HE COOTBETCTBYIOT  MpPEACKA3aHUIM
CHEIUATbHOW TEOPUM OTHOCUTEIBHOCTU. ABTOpP, KaK IIOKa3aHO, HCXOIWI U3
OIIMOOYHBIX MpeACTaBiIeHU 00 3Toi Teopuu. Kpome TOro, BepHO cchliasich Ha
3aKOHBI 3JIEKTPOTEXHUKH, B OMHCAHUM CBOETO MapaJloKca OH HCIOJb30Bajl UX C
omunbkamu. [lo ero BBIKJIAKaM MOJYYUIIOCh, YTO AJIEKTPOCTATUYECKOE IOJIE B
MeTasulax pacipoCTPaHSIETCsl CO CBEPXCBETOBOW CKOPOCTHIO UITH J]aKe MIHOBEHHO.
®opmanuzm CTO aBTOp HMCMOIB30Bal HEKOPPEKTHO, HE YBHJIEB, UTO JAXKE INPHU
BEpHO €€ TpPaKTOBKE NpPHU YKa3aHHOM MM COOTHOILIEHUU JUIMHBI CTpesbl Lo u
pacCcTOSIHUS MEXAY IUTacTUHaMH (o CYIIECTBYIOT JIBa BapHaHTa: KOHICHCATOP
MOET OBITh KaK pa3pspKeH CTPENoW, TaKk M He paspsikeH. YKa3zaHHOE aBTOPOM
3HAUEHUE «CTpenia JUIMHHEE PACCTOSHMSI MEXIy IUIACTMHAMM» JOIyCKaeT o00a
penieHusl.

[TapagokcoM B Te€OpUM MPUHATO CUUTATh JBa MPABWIBHBIX YTBEPKICHUS,
MPOTUBOPEYAIIUX APYr APYyry. Mbl yBHUIIENTH, YTO TpPH MOCIEAOBATEIILHOM U
KOPPEKTHOM IMPUMEHEHUH MOJOKEHUIN CIEUaIbHON TEOPUU OTHOCUTEIBHOCTU B
pPacCMOTpPEHHOM 3a/1aue 00a yTBEPKIACHHUS TEOPUU BEPHBI U HE MIPOTUBOpPEYAT APYT
JIpyry. ODTO O3HayaeT, 4TO B JIaHHOM CJy4yae NapaJoKca HET, U «IapaJioKC
apOaJeTHOM CTpesbl», TaKUM 00pa3oM, SIBIISIETCS MHUMBIM, HE CYIIECTBYIOIIUM
NapajokCoM. OJTO TMPOCTO pSAAOBas 3ajJaya TEOPUU OTHOCHUTEIBHOCTH, TNpHU
bopMyIUpPOBKE KOTOPOM OBLIM JOMYIIEHBI ONMIMOKU. T€Opuru OTHOCUTEIHLHOCTH
MPUIIMCAHBI YTBEPXKACHUS, KOTOPHIE CHIENIaHbl, SIKOObI, OT €€ MMEHH, a Ha CaMOM
Jiesie OT UIMEHH aBTOpa, OIMOOYHO €€ TPaKTyIoUIero. Teopusi OTHOCUTENBHOCTH HE
JieJIaeT mapaJoKCadbHbIX YTBEPKICHHM, MPOCTO HE HAAO0 MPHUIIKUCHIBATHL € TOTO,
4ero oHa He yTBepkaacT [2].

B 3akimroueHue 3amedy, 4To napajokc apOanieTHOU CTPENbl JOBOJIBHO CXOXK C
MapajoKCcoM IIIeCTa W capas WM C MapajoKCOM TEJEKKH U siMbl. I Tam U Tam
JIETIAI0TCS TIOMBITKU «IPUJIOKUTHY JPYT K APYTY PEISITUBUCTKU COKPAILAFOIINECS
00BEKTHI, MOJTydasi BEIBOJIbI, MPOTUBOPEYAIIUE APYT APYTY.
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