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AHHOTaLs

KoHuernius, coriiacHO KOTOPOM BCe YaCTULIbI HaXOAATCS B HETIPEPBIBHOU CBSI3W MeXKAy COo00M, B
CTaTbe JOTOIHEeHa KOHLeNL1eld pa3BUTHA CTPYKTYPbl CBA3aHHOIO COCTOSIHUSI OT TIPOCTOTO K CJIO’KHOMY.

MoKa3aHo, KaK B paMKax MOJEe/IM NOC/Ie0BaTENbHOE YCIOXKHEHWNE CTPYKTYpPbl CBS3aHHOIO COCTOSHUSA
TMNOTETUYECKUX MHUMbIX YacTUL, MPUBOAUT K MOSIBIEHNIO MaTePUaJIbHBIX YacTHL, C BCEBO3MOXHbIMU popMamMm
B3aMMOZENCTBUS U CO34aHHOMY HaCTUL,AMU CIOXKHOMY MPOCTPAHCTBY. NPy 3TOM 0Ka3aiocb BO3MOXXHbIM
06bEANHUTD SNEKTPUYECKME, MATHUTHbIE U CUJIbl FPaBUTaLLMK. Macca sIBNSIEeTCs NPOU3BOLHOW CTPYKTYpbI
4acTMUbl, MU BMECTE CO CKOPOCTHI0 06pa3yloT KOMMOHEHTbI UMMYJibca. PensTnBucTckas Macca ecTb CieicTBUE
npoLecca yCTpaHeHUs BHYTPEHHEro KOHPIMKTA YacTULbl, BO3HUKLLETO U3-32 B3aMMOAENCTBUS C APYroi
yactTuueit. ®OTOH TaKKe MaTepUaeH, Kak U INEKTPOH, MIOCKOCTb Nosisipusaumm dotoHa o6pasoBaHa
CYMMapHbIM BEKTOPOM MarHUTHOW COCTaBAstoLLeln. B3auMoaeicTBme Mexay YacTuuaMm oTBeyvaeT NpuHUmny
KBAHTOBOW HeIOKaIbHOCTH (MHbOPMaLMs O JIOKaIM3aLLMKM HYacTULbl TPOXOAUT CO CKOPOCTbIO BbILLIE CKOPOCTM
CBETa, C/lIefj0BaTe/IbHO, CBOMCTBA YaCTUL, HE onpefeieHHbl 40 B3aMMOAENCTBUS).

Abstract.

The concept according to which all particles are in continuous communication with each other is
supplemented in the article with the concept of the development of the structure of a bound state from simple to
complex. It is shown how, within the framework of the model, the sequential complication of the structure
of the bound state of hypothetical imaginary particles leads to the appearance of material particles with all
possible forms of interaction and a complex space created by particles. In this case, it turned out to be
possible to combine electric, magnetic and gravitational forces. Mass is a derivative of the structure of the
particle, and together with the velocity form the components of the momentum. Relativistic Mass is a
consequence of the process of eliminating the internal conflict of a particle that has arisen due to the
interaction with another particle. Photon is a material particle, like an Electron, the plane of polarization
of a Photon is formed by the vector of the magnetic component. The interaction between particles
corresponds to the principle of quantum nonlocality (information about the localization of a particle
passes at a speed higher than the speed of light, therefore, the properties of particles are not determined
before the interaction).

KnroueBbie cinoBa: Macca, 3apsj, MarHMTHoe noJsie, ce4eHne B3aMMo4eNCTBMSA, MaTepuaamsaums,
CMuH, nonapunsauus.
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1. OcHOBHBIe CBOMCTBA VIHTepBaioB MPOCTPaHCTBA
CoznacHo 2unome3se, >/1eMeHTapHble YaCTULbI, B TOM uMcile 1 POTOHBI, He SIBJISIOTCS 3/1eMeHTapHbIMU
YyacTHL][aMU B TIPSIMOM CMBIC/Ie, a SIB/ISIIOTCS BTOPUYHBIMK 00pa3oBaHUSMY, CO3/laHHBIMH B CHCTeMe YacTHL],
Ha3bIBaeMbIMU VIHTepBasiaMu MPOCTPAHCTBA, U CBSI3aHbl MeXy coboii VIHTepBa/iaMH MPOCTPAHCTBA.

B 2unomese cdenano npeonososiceHue, uto VIHTepBasbl MPOCTPAHCTBA TPeJCTaB/SIOT cOO0M MPOCTYHO
YyacTUIly, He CTPYKTYPMPOBaHHYIO, He COJEep)Kallyl JIOKa/IM30BaHHBIX BO BPEMEHH W MPOCTPAHCTBE
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oOpa3oBaHui, 00/1a71al0T COOCTBEHHBIM, HE3aBUCUMBIM OT JPYTHX CyIeCTBOBAaHHEM, TO €CThb OHU HeJe/MMbl U
HEYHUYTOXXUMBI. VIHTepBa/bl MPOCTPaHCTBA MHUMBIE YaCTHLIBI, TOHATHe Macchl /11 HUX He UCTO/b3YyeTCs.

WuTepBanbl pocTpaHCTBa UMEIOT [jBa Pa3HOMMEHHBIX TM0Jtoca (YC/IOBHO Ha3BaHHBIX TOJIOXKUTETbHBIM U
OTpULIaTebHBIM), CBSI3aHHbIE OCbIO CHUMMETPUH C COOTBETCTBYIOLUM YPOBHEM 3HEPrHM CBfI3M MeXAy
nosirocamy. dr3nyeckuii CMbIC/ pa3HOM MOSPHOCTH TIOIOCOB B TOM, UTO TMOTOK SHEPTMH U €r0 U3MeHeHHe MOTJIN
MIPOMCXO/UTH TOJIBKO B OJJHOM HampaB/eHHH, OT OJHOr0 TOJI0Ca K APYroMy uepe3 ocb cuMMeTpud. [1oatomy
YpoBeHb 3Hepruu CBOOOAHBIX VIHTEPBa/OB MPOCTPAaHCTBA HE MOT M3MEHHTBCS CaMOCTOsITesIbHO. HekoTopbie
cBO¥icTBa VHTepBasa TIPOCTPAHCTBA CTAHOBSATCS Oosiee TIOHSATHBIMHU W HATJISIAHBIMH, €C/TM OCb CUMMETDHU C
HEKOTOPOM [JoJiell OrpaHWYeHHOCTU TpeACTaBUTh B BUJE BEKTOpa, Y KOTOPOTO [JjMHA ONpefie/isieT ypOBeHb
sHepruu. HampaB/ieHre Tiepepacripe/ie/ieHus TIOTOKa SHEPTHU COBIIA/IaeT C YC/IOBHBIM HallpaB/ieHHeM BeKTopa.

WHTepBanbl MpoCTpaHCTBA MOIM  Pa3NWyaThCsid TOMBKO YDOBHEM SHEPrMM U OTHOCUTEJbHOM
HAaIpaB/leHHOCThI0 oceii cumMeTpuu. HysieBoe u 0GecKOHeuyHoe SHepreTHUeckre COCTOSIHUS CUWTAIOTCS
3anpeleHHbIMU.

[Nonstre «AmuHb» A1 VIHTepBasoB MpPOCTPAHCTBA HENIpUeM/IEMO U ero cjefyeT 3aMeHUTb MOHSITHEeM
YpoBens »HHepruu. «[InMHa» B OTHOLIEHWM K CBOOOAHBIM VIHTepBajiaM TIPOCTPAHCTBA BeIMUYHHA
HecywlecTBytomas. [loHsiTMe [/MHBI, BMecTe C HHMM H3MeHeHUe J[JMHbI, BO3HUKHEeT TOJIbKO TOrJa, Korja
VHTepBasibl IPOCTPaHCTBa 00pa3yrOT B3aMMOCBSI3aHHYIO CTPYKTYPY U B 3TOW CTPYKTYPe CTAaHOBUTCS BO3MOYKHBIM
nporiecc oOMeHa SHeprue.

2. Obpa3oBaHre MHHUMOTO U fleficTBUTenbHOTO [IpocTpaHcTBa
HepBOHaqaano TUTNIOTeTHYeCKUIM MI/Ip I/IHTepBaJ'IOB IMPOCTPaHCTBA 3TO CT'YCTOK 4UdCTHL], B KOTODOM He
CyILeCTBOBAa/IM I'PAHMIbI, HalIpaBJ/IEHKUA, PA3MEPHI. I/IHCI)OpMaL[I/IH, KaK M€pa pa3/inuus, OblIa MHHHMaJ’IBHOﬁ,
OrpaHMYKBasiChb ¢)aKTOM CaMOCTOATE/IbHOI'0 CyILIleCTBOBAHUA I/IHTepBaJIOB MNpoCTPAHCTBA, OTHOCHUTE/IHHOH
HAINpPpaB/IEHHOCTbBIO ocent CUMMETPHUHA U YPOBHQM JHEPIruM KaXXA0ro 13 Hux.

CocrosiHYe, B KOTOPOM HaXOAWIWCh VIHTepBasbl IPOCTPAHCTBA /10 00pa3oBaHUsl Y3/10B, HeONpe/e/leHHO.
HekoTopoii aHanorueii (mo kpaikiHeii Mepe, MO JBYM I1apaMeTpaM) SIBJ/ISIeTCS BHYTPHSZiepHOe TPOCTPaHCTBO.
[elicTBUTENIbHO, BIIOJIHE BO3MOXKHO IIPEJIIONIOKNUTb, UTO VIHTepBa/ibl IPOCTPAHCTBA, B YCAOBUSIX MasbIX
paccTosiHMM (MakCUMasbHOM SHeprud VHTepBasa) W OOMBIION TJIOTHOCTU BHYTPU Sifipa, TIepeXosT B
TPOCTPAHCTBEHHO-OMpe/je/ieHHy0 a3y (M3BeCTHO, UTO B3aWMOJENCTBHe BHYTPU si[pa sIBASETCS He
MPOCTPaHCTBEHHO-HEOTIPe/Ie/IeHHBIM, a MPSMbIM, SHEPTHsI CBSI3U SBJ/ISIETCS] MAKCUMAaJTbHO OOJIBIIION M He 3aBUCHT OT
PacCTOSTHUS MeXXy HYK/IOHaMH)

B kako#i-To MOMEHT BpeMeHH, WCIIOJb3ys [IBa CBOUX TIOMIOCA, To[ AedicTBueM Hekux Cun VHTepBanbl
MPOCTPAHCTBA CBS3a/IMCh CBOMMH TI0JIFOCaMH, 00pa30BaB Y3/Ibl U CHCTEMY CBSI3aHHBIX MEX/y C000H Y3/10B.
Kaxapiii Y3eqm B cucTeMe OKa3ajiCs CBA3aHHBIM C JPyrMM Y3/10M, Tooca VHTepBajia TPOCTpaHCTBA
OKa3aJuch BKJIIOUEHHLIMM B COCTaB TOrO WM/JIM WHOTO Y3Jja. By,[[y‘-II/I HOHO)KI/ITEJ'I];HOFI, SHeprud I/IHTepBaJ’IOB
TIPOCTPAHCTBA HarpasJieHa Ha COKeHre Y 3710B.

OJHOBpeMeHHO CHCTeMa CBfA3aHHBIX MEXAY c000#i Y3/10B co3aana cjioxxHoe ITpocTpaHCTBO ¢ MHUMOH
U JeCTBUTENbHOW YacThl0. MHUMYIO YacTb 00pa3oBanu VHTepBasbl MPOCTPAHCTBA 3a MpejeniaMu Y3sa. Y3Jbl,
Oyayud JiOKarmbHbIMM 00pa3oBaHUsIMM, U (AaKTOM CBOEro CyIleCTBOBAHUSI OTPHULIAIOIIMMM IPOCTPAHCTBEHHYIO
Heorpe/ie/IeHHOCTh M HeHabsIt0/laeMOCTh MHUMOTO IPOCTPaHCTBa, 00pa3oBany flefiCTBUTE/IbHOE TPOCTPAHCTBO.
¥3nbl. MHUMOCTb O3HayaeT, YToO VIHTepBa/ibl NPOCTPAHCTBA HAaxoOZAATCSl B TakoM ¢ha30BOM COCTOSIHHMHM, IpU
KOTOPOM BCEé BO3MOJKHOe (pa30BOe IPOCTPAHCTBO, KpOMeE Y3710B, OJHOBPEMEHHO NpUHAJ/1eXXUT BceM MHTepBanam
nipoctpadcTBa. [Toz da30BBIM MPOCTPAHCTBOM MTOHUMAETCSI BCEBO3MOXKHBIN HabOp 3HaueHHi YpOBHeH 3Hepruu 1
OTHOCHTeJIbHOM HarpaB/IeHHOCTH 0Cel CHMMeTPHH.

Yacte 3Heprur VHTepBa/soB MPOCTPAaHCTBA OKa3aaach 3ab/0KMPOBAaHHOW B KauyeCTBe SHEPrHU CBSI3U
Y3no0B. Takum 00pa3om, Havascsi TIPOL|ECC, KOTOPBIA YCIOBHO MOXKHO Ha3BaTh «OCThIBaHWeM». [lanbHelilee



Oosibllle TIOXOXKEee Ha TPOIeCC KPHCTA/UTH3AMHM CO CHIDKEHWeM TeMIlepaTypbl, TO eCcTb Ha «bBosiblioe
MoX0/10jJaHue», a BOBCce He Ha «bosibIIOW B3pbBIB», pasMeTraBluuii MaTteputo 1no BcenenHHoll. CTOpOHHUMN
Hab/roIaTeN b BAPYT OOHApy>KW1 ObI, UTO B HEKOTOPOM 00beMme, 3arojHeHHOM aMop(HONW MaccoM, CTaau
TIOSIB/IATHCSL  TIPOCTPAHCTBEHHO-/IOKA/IM30BaHHble 00pa3oBaHMs. VX UMC/IO CTPEMHUTENbHO BBIpOCTO. U uepe3
KOPOTKOe BpeMsi BeCb 00beM 3arlojTHWIICS MPOCTPAaHCTBEHHO-/I0KATM30BaHHBLIMU 00Pa30BAHUSIMU C «ITyCTOTOMN»

MeX1y HUMU.

CBOICTBO MHTEpBAa/JOB TPOCTPAHCTBA K OTAE/JBHOMY, CaMOCTOATETbHOMY CyHIeCTBOBAaHHUIO Je/asio
HEBO3MOXXHBIM C/IMSTHUE JBYX YacTHI] B OJIHY, TO €CTb TIepexoj] B COCTOSIHWE, HEepa3IuuuMoe [ KakJou
YacTULbL. JTO CBOWCTBO TIPOSIBUMIO cebs B rpoljecce oOpa3oBaHus Y3/10B, Kak mpuHpun Ilaymaum, coriacHo
KOTODOMY He pa3pelanoch ABYM O/JMHAKOBO HalpaB/eHHbIM HHTEPBa/iaM NPOCTPAHCTBAa CBA3BIBAaThH jJBa
0/JMHAKOBBIX Y3/1a, WM, TO K€ CaMoe, He/b3s IByM WHTEpBa/laM HaXOJUThCA B OJHOM (ha30BOM COCTOSIHUH. B
pe3ysibTaTe B 00pa30BaHMM BCeX Y3/I0B MPUHS/IO yUacTHe OJUHAKOBOE KOJIHYeCTBO VHTepBasoB MPOCTPAHCTBA.
3JTO, HampuMep, B TIOTHOW Mepe 00BACHAET (DaKT OTCYTCTBHSA APOOHOro 3apsiia, BeJIMUMHA 3apsjia orpeiesieHa
yncioM VIHTepBasioB B Y3/e, paBHOe BO Bcex Y3/ax. TeM ke 00CTOSITE/TbCTBOM MOXXHO OOBSICHUTH O/IMHAKOBOE
[J1s BCeX YacTHL] OrpaHuueHre MaKCUMalbHOW OTHOCHTeNBHOM ckopoctd C, 0fWHAKOBOe 3HauyeHHe MMOCTOSTHHOW
IMnanka h A Bcex dWacTwll, U HEKOTOpble ApPyrHe KOHCTAaHTHL. B MpHpoje YKCIo map Y370B paBHO UHUCTY
VHTepBasioB MpOCTpaHCTBa.

Takum o6pa3oMm, B NpHpo/ie MOSIBUINCH /iBa TUIA Y3/10B, IPUYeM, B PaBHBIX KosmnuecTBax. Kaxaslil Y3en
oka3zasicsi 06pa3oBaH OJHOMMEHHBIMH TI0JIFOCAMU CBOEM TPYIbl VIHTepBasioB MPOCTPAHCTBA (TIONOKUTETBHBIMU
WM OTpULiaTe/bHbIMK). VIHTepBasibl MPOCTPAHCTBA 3a Ipejie/laMU Y3/a sIB/SIFOTCS ero HeoTZeslsieMOil MHHUMOM
YacThlo, ero MpoJo/IKeEHHeM B MHUMOM INpocTpaHcTBe. CBsi3aHHble B Y3/le, C yUeTOM 3HaKa, OHU IpeJCTaB/IsiioT
co00i TIO/IOKUTENBHBIA WA OTpHULIATeNbHBIA 3apsaj Y3na (unaue Ilosne, smektpuueckoe Ilosie). Byayum
MOPOXKJeHWeM MHMMOI'O MPOCTPAHCTBA, 3apsi/jbl MOIVIM MepeKpbIBaTh APYr [pyra, MCKAW4asa caMH Y3/bl. U3
peasibHBIX YacTHUL] TaKOW 3apsj UMeeT, HampyuMep, DJIeKTPOH, 3aps/, KOTOPOTo He MpephIBaeTcs, He paBeH HYJII0 B
mo60ii TouKe IPOCTPaHCTBA U HeHAOIOaeM.

IMpuniun [laymu 3ampeijaer AByM VIHTepBasiaM TPOCTPAaHCTBA HAXOAWUTLCS B OJWHAKOBOM (ha30BOM
COCTOSIHWY, TIPY 3TOM IPOTUBOIIOJIO)KHO HarpaB/jieHHble VIHTepBasibl MO/ 3TOT MPUHLUN He momnajarot. [TosTomy
CU/Ia TIPUTSDKEHUST MeXy Pa3HOMMEHHBIMH TMOJIt0caMu VIHTepBasa MPOCTPAaHCTBA CHCTEMHO MPOsIBWIA Ce0sl Kak
Cuja TIDUTSDKEHUsI MeX]y pa3sHOUMeHHbIMU (pa3HOMO/SIPHBIMK) Y3/aMU. A HaJlO)KeHHBIM Ha 3TO sIBJeHUe
nipuHUun [laym co3fan Ccuibl OTTaJIKUBAHWS MeXy OJHOUMEHHBIMU (OJHOMOSIPHbIMU) Y3naMu. B pe3ysbTarte
BO3HUKIM DjIeKTpUYeCcKre CWIbl TIPDUTSDKEHUs M OTTaJKWUBaHUs, BOSHUK/IU TOJIOXUTeNbHble W OTpULIaTe/bHbIe
3apsiel. He cMoTpst Ha To, uTo r06ast Touka (ha30BOro MpOCTpaHCTBA MpUHA/IeXKana BceM Y3/1aM, TeM He MeHee,
¥Y3en mosiyuns coOCTBeHHOe, He3aBHCHMOE OT APYrux Y3/oB, CyiiecTBoBaHHe. B CBsS3M C 3TUM cJiefiyer
pasnuuaTh NPOCTPAHCTBEHHYI0 OIpeAe/JeHHOCTh CaMoro Y3/j1a, W TPOCTPAaHCTBEHHYHO HeolpefeneHHOCThb
3apsaza.

B TIlpoctpaHcTBe Mex[y Y37aMd BO3HUKIM HEKOTOpble IPOCTPAaHCTBEHHO-BPeMEHHbIe OTHOLIEeHUs
(paccTosiHusi, OTHOCHUTeNbHbIE CKOPOCTH, W Psif Apyrux 3¢dekroB). BsanmopeiicTBre C€Tajo HOCHUTH CTPOrO
oTpefie/IeHHBbIN TIOPSZIOK, UTO, B KOHEUHOM WTOTe, B JajbHeHIeM co3aacT 3¢ ¢eKT HeoOpaTUMOCTH BpEMEHH.
BHauarne B3auMO/ieiiCTBME TPOMCXOJUT B MHUMOM IIPOCTpaHCTBe Mexay Ilomsmu. Pe3ynbTaT oTpasvTcs Ha
JBWKEHUU Y3/10B, HOBbIe COOTHOLIIEHUS MeXX/ly ¥Y3/1aM{ CO3/1a/lyT HOBbIE yCIOBUS /1711 B3aUMO/eHCTBHSI B MHIMOM
npocTpaHcTBe. U Tak no kpyry. Takol MpocTpaHCTBEHHO-HeOIpe/é/ieHHbIM TUIT OTHOILEHWH BIIOJIHe O00bsCHSET
BePOSATHOCTHBIN XapakTep (QYHKLUI B3aUMOZeNCTBYsI B MUpe peasbHbIX YaCTHL].

3. [leiicTBUTE/IbHBIE Y MaTepUaTbHbIe 00BEKTHI.

[elicTBUTETBHBINA 0OBEKT.

[NosiBuBILLIMECS B pe3y/ibTaTe CBSI3aHHOT'O COCTOSIHUS Y 3/Tbl YCJIOBHO MOYKHO MpeACTaBUTh KaK ALIPKU WX
MyYHOCTH, CYIeCTByolMe B MHHUMOM TPOCTPAHCTBe. SIBMSACH JIOKAJBLHBIMM OOPAa30BaHUSAMH, Y3/l CAMUM



CBOUM CYILleCTBOBaHUEM OTPHIIAIOT (yH/AMeHTaIbHOe CBOMCTBO MPOCTPAHCTBEHHOH Heonpe/e/IeHHOCTH, U KaK
HEeuTO, OTPHIIAIOLee 3TO CBOMCTBO, Y3/IbI CTAaHOBATCS [leMCTBUTE/IbHBIMH 00BeKTaMH. [leHCTBUTEIbHOEe
NMPOCTPAHCTBO H CYIIECTBYIOIIHE B HeM 00BeKThI ecTb J(pdeKT, MOoSBUBIIMICS B pe3ysbTaTe CBA3AHHOIO
COCTOSIHMSI MHMMbIX YaCTHLI.

VHTepBasbl IPOCTPAaHCTBA TMEPBUYHBIL, IOPOXKAE€HHOe KMH MHHMOe MPOCTPAaHCTBO, KaK H
JlelicTBUTe/IbHOE, BTOPUYHbI M peajibHbl. MHUMasi U JeHCTBUTe/IbHAsA 4yacTH obpasyrT KommiekcHoe
NMPOCTPAHCTBO.

[IpUHLIMMHATBHO HOBbIN (peHOMeH, [leMCTBUTE/bHBIN O00BEKT, TOSBU/ICSI He Ha TyCTOM MeCTe, a B
pe3y/ibTaTe yCu/ieHHs CBoiicTBa MIHTepBa/ioB MPOCTPAHCTBA K OTAE/IBHOMY CYIeCTBOBAaHHIO, BHI3BAHHOI'O
MX OrPOMHO¥ IVIOTHOCTBIO B COCTaBe Y3na. B Yarne cBoiicTBa IHTEpBaIOB MMPOCTPAHCTBA AO/DKHBI CYIIECTBEHHO
OT/IMUATHCS OT CBOWCTB CBOOO/HBIX MIHTEPBAIOB HE TOJILKO IM0 MPUUKMHE OTPOMHOM TUIOTHOCTH, HO TaKXKe B CBSI3U
C TeM, uTO moJroca VIHTepBasioB MPOCTPAHCTBA, CBSI3aHHbIE B Y3/1ax, y)Ke He ObUIM CBOGOAHBI APYr OT Apyra.
Kak creficTBre, MOSIBUIOCh OTPAHMYEHHE OTHOCHTEIbHOM CKOPOCTH. PeISITHBUCTCKOTO MeXaHW3Ma elié He ObuIo,
M03TOMY BCE OTHOCHTE/IbHbIE CKOPOCTH ObL/IM MakCHMajbHbIe, U OrPaHUUMBAUCh BEUUMHOM, PAaBHOW CKOPOCTH
cBeTa. 3aKOHbI (PU3UKK HE HAK/IA/IBIBAIOT OrPAHUYEHHUI HA CKOPOCTH Tepe/iaud BO3MYILEHUs] «BHYTpU» VIHTepBaia
TIPOCTPAHCTBA, TI03TOMY, UTOOBI 0OBSCHUTL 3P(EKT OrpaHUUYeHUs] CKOPOCTH, BO3MYILIEHHE [JO/DKHO MepejaBaThCsl
ObICTpee «CKOPOCTH» CBETa.

Bce VY3l camuMm mporjeccoM 00pa3oBaHMsA CO3[aHbl JEMCTBUTENBHBIMH OOBEKTAaMU, HO elle He
BemiectBoM. CTPyKTypa JAeHCTBUTENILHOTO OOBLEKTa C/IMIIKOM TMpoCTa (HampuMmep, He UMeeT TeOMeTPUUYEeCKUX
pa3MepoB), 4yToObI yUaCTBOBATh B CJOXKHBIX TPOLieccaX aHaau3a U CMHTe3a. [IpoCcTpaHCTBO, TIOCTPOEHHOE TOJIBKO
U3 [IeMCTBUTEBHBIX OOBEKTOB, 3TO TMPOCTPAHCTBO 6e3 peyiTHBHM3MAa B €ro MOJHOM MOHWMaHWH, U He HUMeeT
IIIaHCOB HA JJTUTe/TbHOe CYIIeCTBOBaHWe U pa3BuTHe. UTOObI B3aMMO/IEMCTBUS MeXAY Y3/1aMU CTald BO3MOKHBI B
MOJHOM 00beMe, AeHCTBUTENBHBIA OOBEKT [I0/DKEH TI0/[BEPrHYThCA HeMMHENHbIM Tpeo0pa3oBaHUsM, Tak
Ha3blBaeMOMY MpoOLieCcCy MaTepUaIM3alui SHepruu.

OpHUM U3 BO3MOKHBIX 00pa3oB ITpocTpaHcTBa AeHCTBUTE/NBHBIX Y3710B, MOXKET, ObITb MHOXECTBO 2-X
MepHbIX [TPOCTPAHCTB C B3aUMOJENHCTBUEM B 2-X MEPHOM IJIOCKOCTH.

MaTepHanmauHH 1 MArHuTHOe I1071€e

CyII[HOCTh npeodno/azaemoz0 TIPOIleCCa MaTepyasu3ali B OOIeM Cydyae 3akK/IIOUaeTcs B TOM, UTO
HEKO0TOopas 4acThb VHTepBasa MpocTpaHCTBa (OT/AeNIbHOTO0, TPYIITLI WM BCEX), HAXOASAIIAsACS B IPOCTPAHCTBEHHO—
HeorpeJie/ieHHON (ase, TIPM YCKOpPeHMHM Y3/7a TIepexOIiT B TPOCTPAHCTBEHHO OMpeje/eHHyW a3y,
OPTOrOHA/IFHYH) HAmpaB/IeHHI0 TepeMelneHusi (OCH CHMMeETPUM), W COXDaHSeTCS B 3TOM COCTOSTHUU [0
CJIeIyIOIIEro B3aUMO/IEHCTBYSI.

B CBSI3M C OT/IOXKEHHBIM XapaKTEPOM HCIO/Ib30BaHUSA ([0 MOMEHTa IOC/IEeAYIOIIEro B3auMO/IENCTBYS),
SHeprusl, 3akK/OueHHass B IIPOCTPAHCTBEHHO OIpe/le/IeHHOM uYacTh VHTepBasia IIPOCTPAHCTBA, SIB/SETCS
TOTeHIHA/TLHOA.

W3 HaOmojgeHWil Cj1eAyeT, uTO TIPOLlECC MaTepvalv3alluy 3aTparvBaeT, TpeXxzae Bcero, Ilose.
[MposiBnisieTcst 3T0 B JOPMUPOBaHNHN OKOJIO Y371a cBoeobpa3Hoi 00/1acTH, onpesie/ieHHON B K/acCHUeCKor (u3nKe
Kak 00/1acTh Haubo/iee BEPOSITHOTO CYIeCTBOBAaHHS M B3auMopedcTBus. [IpuuemM, yeM 0osible BHYTPEHHsIS
JHeprusi Y3/a, TeM MeHblIle 3Ta 00/1actb. [IpruMepoM city>kuT POTOH, Y KOTOPOTO C POCTOM SHEPTUU YMeHbIIaeTCst
ImvuHa BofHBL To ecTb TpollecC Marepuanu3ali HauWHaeTCs C yMeHbIleHWs TIPOCTPAaHCTBEHHOU
HeOTpeieJIeHHOCTH (YBeJIMUEHHsT MPOCTPAHCTBEHHOM Ormpe/ie/IeHHOCTH) 00/7acT OKOJI0 Y373, Ha3BaHHOM B
rurnote3se 1ceBo000I0UKOM.

Be3ycioBHO, 3TO, TOOOUHBINM, WHTEerpaTUBHBIA 3(deKT, BbI3BaHHBIA TeM, UTO KaKAbld VIHTepBan
MPOCTPAHCTBA, 3aTPOHYTHIM IepeMelljeHHMeM Y3/a, TO/BEprcsi IpollecCy MaTepuaau3auyu. B pesysbraTe
MarepranM3alii HeKoTopast 4acTh Kakoro ViHrepBana TpaHC(hOpPMHUPOBasach B MCEB/JO JIOKalbHOe 00pa3oBaHue,
BEKTOP, PACTOJIOKeHHbBI OPTOrOHAIBHO OCH CUMMETPUHM U CIIOCOOHBIN 0COObIM 00pa30M OKa3biBaTh BIMSTHHAE Ha



3apsimpl. TepMMH mMCeBAO O3HauaeT, 4YTO JIOKajbHOe 0Opa3oBaHWe He OTPHUIAeT TPOCTPAHCTBEHHYIO
HeoTpe/ie/IEHHOCThL CYIIeCTBOBAaHHs B HEKOTOPOM 00/1aCTH, TO €CTh, B TIPUHIUIIE, OCTABAsCh MPUHA/IEKHOCTHIO
KOHKpeTHOro VIHTepBasia, MOXeT CYI[eCTBOBaTh B JII0OOW TOUKeé MHHMOI0 MPOCTPAHCTBA. B To ke Bpems
JIOKQJIbLHOCTb W HajM4Mve pa3HOMOJIIPHBIX TIOJFOCOB HEe TMO3BOJISIIOT 3/IeMEHTapHbBIM BeKTOpaM pacriosiaraTtbCs
XaOTUYHO, HEe3aBUCMMO JpYr OT [pyra, Ha HUX HaknaabiBaeTcs npuHUun I[laynd. EgVHCTBEHHO BO3MOJKHBIM
Croco060M MCKITFOUMTE KOHGIMKTBI OKOJIO IBVDKYILIETOCS ¥Y371a SIB/ISIETCS CUCTEMHOE PAcCTIONIOXKEeHHe 3/IeMeHTapHBIX
BEKTOPOB B BHUJ/Ie OKPY>KHOCTEM B IJIOCKOCTH, OPTOTOHA/JLHOW HampaB/ieHWI0 TiepeMelrieHus. Takum obpaszom,
0KO/I0 Y3na obpa3syetcs ITosie ¢ 0coObIMU CBOHCTBaMH, Ha3BaHHOE MArHHUTHBIM. KaXkK/IbIi 371eMEHT MarHUTHOTO
IMons siBnsieTcst TpaHcdopmariyeit yactTu otAensHoro VMHTepBasia mpocTtpaHcTBa. CKOMBKO U Kakue VIHTepBasibl
NPOCTPAHCTBA 3aTPOHET TiepeMellleHHe Y37a, CTONBKO 3/ieMeHTapHbIX BeKTOpOB MarHutHoro Ilonst Oyger
00pa3oBaHO B MHHMMOM IIPOCTPAHCTBE OKOJ0 Y37a. BekTopbl MarHuTHoro Ilonisi cymjectByrOT (Kak M
snekTpuueckoe Ilose) Bo BceM MHUMOM TPOCTPAHCTBE, HO B3aMMOZEUCTBUE OYZET MPOUCXOAUTh C HaubOJIbIIIeH
BEPOATHOCTBIO B 06iactu miceBqoO6omouku. IIpu 3TOM, ueM G/mike K Y37y, TéM «IUIOTHOCTb» VIHTepBa/ioB
TIPOCTPAaHCTBA 0OOJbIIe, CJe/[0BATELHO, CHJIbHEE [O/DKHO ObITh W MarHutHOe Ilome. OueBWIHO, C pOCTOM
CKOPOCTH JBVDKEHUS Y3/1a SHeprust MarHuTHoro I1osist Takke yBelMunTCsl.

B Hauase ctaTby ObUIO 1TOKa3aHO, Ha MpeZe/IbHO MasbIX PaCcCTOSIHUSX (COOTBETCTBYIOLMX MaKCHMasIbHON
5Hepruu cBs3u) VIHTepBasbl MPOCTPAHCTBA MOTYT CyLeCTBOBAaTh B NPOCTPaHCTBEHHO-OIIpese/leHHON (opme. Ha
CyIlecTBOBaHMe 3TOro 3¢deKra yKa3bIBalOT U 0COOEHHOCTH BHYTPHSEPHBIX CHJT (CUJIBI TIPUTSIKEHHUS] He 3aBHCST
OT pPaCCTOSHUS MeX/y HyK/IOHaMH, B3aUMO/ieicTBUe NpsiMoe). Bo3HMKaeT BIO/IHe JIOTMYHOE MIPe/TIo/I0KeHNe, UTo
B OmmKHell 30He, Ha KPUTUYECKH MajlbIX PACCTOSIHUSIX OT Y371a, TUIOTHOCTh 3JIEKTPUUYECKOW M MarHUTHOMN
COCTaBJ/ISIFOILIEN JOCTUTHET TaKOro Ipefiena, 3a KOTOPbIM MaTepyanv3alysi JO/KHA MPUBECTH TCEeBJO0 JIOKalbHbIe
o0pa3oBanus (B JaHHOM CJiyyae 37ieMeHTapHbIe BeKTOPBI MarHUTHOTO [10J1sT), K JIOKanmbHOU (hopme, C BEIpayKeHHOM
TIPOCTPAHCTBEHHOM OTPe/Ie/IeHHOCThI0. B pe3ysibTaTe MaTepuanv3alivu LieHTpa/ibHas yacTh Y3/1a mpuoOperaer
reoMeTpuyecKue pasMepbl, HaxXOZslyecss B NPSIMOM 3aBUCHMOCTH OT CKOPOCTU (TOUHO Takue ke CBOWCTBA B
Mupe peanbHbIX uactul, vMeeT CeueHMe B3auMopelcTBHs1). HampamvBaeTcs BbIBOJ, [aBjieHHe CBeTa Ha
BellleCTBO BIIOJIHE BO3MO’KHO, HO BOIIPOC O HarlpaBJIeHWH [|aB/IeHUs OCTAETCSl OTKPBITHIM.

[Tpy MaTepuanv3alii BO3HUK/IM [iBa MPOTHUBOIOJIOXKHBIX Tporjecca. C OfHON CTOPOHBI MaTepHhan3ariys
TpYBe/ia K TOsIBJeHUI0 T1iceBA0000/0UKK. DTOT TPOIeCC TUTAHTCKUK T0 MaciiTabam: OeckoHeuHasi 00J1acThb
CYILIeCTBOBaHMsI U B3aMMOJENCTBUS BJPYT CKajach BO BIOJIHE HM3MepsieMyto 00s1acTh, rpuyeM, 3Ta 06s1acTb TeM
MeHbIlle, yeM Oosibiie CKOpOCTh Y31a. C Apyroil cTopoHbI B ()a30BOM TMPOCTPAHCTBE Y3/a TMOSBUIOCH TaKOe
obpa3oBaHue, kak CeueHre B3aMO/|eMCTBYS, MU3epHOe TI0 MaciITabam, HO C TIPSIMOM 3aBUCHMOCTBIO OT CKOPOCTH.

Tpebyetcsi 00BSCHUTB, OTKyJa Y3el «3HaeT», YTO WMEHHO OH [BIDKeTCS, a He ero rapTHep Ha
IIPOTHBOIIO/IOXKHOM KOHIle o0rmieii ocu? OTBeT mpocToil. BeKTopHbI Xapakrep VHTepBasa NpOCTPAaHCTBA
OJIHO3HAUHO OINpejesisieT HarpaBlieHWe W3MeHeHWs SHepruu (ywIOBHO M0 BEKTOpY). VI3MeHeHHe >Hepruu
NopoXkjaer MarHuTHoe Ilome. B TpOTMBOIIO/NIOKHOM HampaBjieHWH (TIPOTMB BeKTOpa) W3MEeHeHHe SHepruu
HEBO3MOJKHO, C/Ie[ioBaTesbHO, «C3aiv» ABWXKYILIerocsi Y3na marHutHoe Ilose He obpasyercsi. DjeMeHTapHBIM
BEKTOP MOXeT ObITH 00pa3oBaH B J/it000# ycioBHOW Touke VHTepBasa mpoctpaHcTBa. Ho cucTeMHO, yuWThIBast
UHTerpupymolljie CBOWMCTBA Y371a U B3aUMOBJ/MAHHE JDYIUX 37eMeHTapHbIX BekrtopoB MmaruutHoro Iloss, c
HanboJibllel BeposiTHOCTbIO MarHuTHoe [Tosie o6pasyetcs B npefienax [IBiKyierocst ¥Y3na.

HekoTopble CI0XXHOCTH BO3HMKAIOT C OOBSICHEHWEM HaIlpaB/IeHHMs] CHIOBBIX JIMHUH MarHUTHOrO ITosis.
Bo3MmoxkHo, 3T0 onpesesieHo CITMHOM.

CrnimHoBas Macca

B obmem cMmbicsie, /1000e YCKOpeHHOe ABWKeHHMe (/MHeiiHoe Wikl B (OopMe MOMeHTa KOIWYecTBa
JBIWKeHUs) TIpHjaeT OOBEKTYy B pa3sHOM CTelneHd BBIPAKEHHYIO MPOCTPAHCTBEHHYH) OMpe/e/IeHHOCTD.
du3nueck MOMEHT KO/M4ecTBa JBrkeHUs B (opme CrimHa obecrieurBaeT 4acTHLe HavaJbHYIO TOCTOSIHHYIO
(HeyCTpaHNUMY0) MUHHUMAJIbHYIO MPOCTPAHCTBEHHYIO OIpe/[e/IeHHOCTh, U, TaKMM 00pa30M, BeleCTBEHHOCTh B
JelCTBUTE/IbHOM TIpOCTpaHcTBe. MexaHu3M, obecneunBaroluii crabuibHoe cyijectBoBaHve CrMHa U ero
HafpaB/jeHle, He BbIACHeH. TeM He MeHee, B TIpUpOJie HeT yacTul], He uMmerolux CrnvHa. Biiarogapsa stomy U



®OTOH, He TIPOCTO JIeHCTBUTENLHBIA 00BEKT, HO, OTHOBPEMEHHO, M BELeCTBEHHBIH 00HLEKT, Kak U DJIEKTPOH, H,
TEéM CaMbIM, TOJy4YaeT BO3MOXKHOCTH B3auMoOAeHcTBOBaTb € HuUM. OtcyrctBue y dotoHa Macchl MoOKosi He
SIBJISIETCSl CYILeCTBEHHBIM, aHajsoroM Maccel 1okosi POTOHy CHy)KUT 3SHepreTMYeckuid KOMITIOHEHT MOMeHTa
umysbca (ms), crMHoBasi Macca. /JIpyrum uacTvijaM BellleCTBeHHOCTh MPUJAeT, MOMHUMO CIIMHOBOM Macchl, elé u
obosoueudass Macca. BepositHo, mipaBoe BpaijeHre CrivHa MOJMyYH/IoCh ciaydaiiHo. Ecmm Berpeuanvcs CrivH C
MpaBbIM U JIEBBIM BpAIlleHHEeM, TO OHHW pa3pyllaayd Jpyr [pyra Z0 COCTOSHUS AeHCTBUTENHLHOTO 00BeKTa, HO
HEKOTOPbII HeHM3BeCTHBIM MeXaHNW3M BHOBL co3/iaBasi CIHH C MPOX3BObHBIM MOMEHTOM.

CrivHoBasi Macca (CyMMapHbIii BeKTOp MarHUTHOW COCTAaBJISIFOLLEN), OUeBHAHO, pacCIo/ioKeHa B
TJIOCKOCTH, OPTOTOHANBLHOW OCH mepeMelieHus. KOHKpDeTHOe pacrosiokeHHe BeKTOPOB TpeOyeT YTOUHeHHs,
BO3MOJKHBI [JiBa BapuaHTa. He BbI3bIBaeT COMHEHMs, UTO YC/JOBHBIM BeKTOpP 3/IEKTPUUECKOW COCTaBJIsSIOIIe
(ummynbe CriHA) COBMafiaeT C OCbi0  TiepeMelnieHusi PoroHa. HekoTopeie OMBITHI M0 JABMEHUIO CBeTa Ha
BeII[eCTBO BIIOJIHE OIpeZie/ieHHO YyKa3bIBalOT, UTO WMITYJ/IbC HallpaB/eH 0 HalpaBleHUI0 [BIDKEHHS, OJHAaKOo,
CYII[eCTBYIOT OITbITHI, KOTOPBIE CTaBAT IO/l COMHEHHE 3TOT BLIBO/.

Ob6onoueynas Macca

[Tporjecc MaTepuanusallii Y3/10B IOMyuYWs CBOE JlajbHelilllee pasBUTHe B TMosiBieHUH O60/10uKM
(BeposiTHO, B CHCTeMe He/lWHEWHBIX ypaBHEHWH TIONs HaWAyTcsl peleHus, 0OBsCHsIOIMME 3TOT (heHOMEH).
CylLHoCTh Takol MaTepuanu3alud B TOM, UTO Bce VIHTepBa/bl IPOCTPaHCTBA, MO BCEM BO3MOXKHBIM OCAM
CUMMeETPHUH Ilepellyld B IPOCTPaHCTBEHHO-ONpesenéHHY0 ¢asy. OTO MNPUHLMIMAILHO HOBBII MOMEHT B
obpa3oBaHuM CBOWCTB MaTepuu. U3 ¢a3el 3apsiga Bcs (WM MOUTH BCs) TIPOCTPAHCTBEHHO-HEONpe/je/ieHHast YacTh
Y371a mepenuia B TPOCTPaHCTBeHHO-orpeZiesieHHYI0 (asy, B ¢asy O6osnouku. IIpuuem, Kak creayer wu3
HabsoieHnt, sHeprusi OOOIOUKH, TI0 KaKOW-TO HEW3BECTHOW MpUYMHE 3aKpennwIach Ha KOHKPETHOM YPOBHe
(Macca nokosi D71eKTpoHOB 1 [103UTPOHOB MpakTU4yecky paBHbI). Kak craHeT sicHO Aasiee, 37eKTPOH MpeJCTaBsieT
co60l KOMIUIEKCHYIO YacTHIly, COCTOSIIYIO U3 JBYX Y3/0B. OflHA M3 COCTABJSIOUIMX J/IeKTPOHA HaXOAUTCS B
(aze 3apsima, Apyrast B dasze O60/10UKM, KOTOPasi COAEPXKUT B cebe MUHUMA/bHBINA CTaOWIbHBIA YHEPreTHUeCKUN
KOMITOHeHT (m,), Maccy nokost. O60/104KM He BCEX UaCTHL] MIMEIOT OAWHAKOBYIO C DJIEKTPOHOM IOTeHLMATbHYI0
3Hepruto. Hampumep, cyijecTBYIOT pa3Hble HeWTpHHO C pa3HOM HSHeprveu, TOo ecTb C pa3HoW 000/04YeyHOM
Maccoii. Ha atot Bompoc emé mpeacTouT oTBeTuTb. OdeBniHO, O00/I0UKA MOCTPOEHA W3 3/1eMEeHTapPHBIX
BEKTOPOB MAarHUTHOTO MOJIfA, TIPeJriosarasi TPy 3TOM, UYTO BCe MHTepBajibl TIPOCTPAHCTBA, 0Opa3yromue Y3er,
TIOHUMAIOTCS KaK 37IeKTPUYeCKOoe T10Jie BOKPYT Hero.

B fanbHeliiieM oOKa3anock YZOOHO BMECTO TIOHATHS Y3el UCII0/b30BaTh OO0OOIEHHOE TIOHSTHE
MoHomnosib. Bojiee KOHKPETHO: OTpUILIaTeTbHBIN, TT0JIOKUTE/TLHBIN, MoHOMOb B (ha3e 3apsja, u MoHomomb B (a3se
O6omouky, TaKuM 00pa3oM, B IPUPO/e CYILeCTBYIOT 4 MOHOTIOJS.

Nmvnynbc 3 O60MOUKM HarpaB/ieH BHYTPh YacTHIbl, U CKOPOCTb BO3[€MCTBUs, TOCKOJIBKY MPOLECC
obpa3zoBadusi OOOI0UKY TIPOMCXOAMUI B MHUMOM MTPOCTPAHCTBe, He MeHbIIe ckopoctH cBeta C. CrefoBaTessHO,

. 2
umnysbCe pased M, C. CootercTBeHHO, popMy/ia BHyTpeHHel sHeprun OGoouku noayuut sug: E=m,C".

B Hauasne crateu ObI7I0 yKaszaHo, uyTo MHTepBasbl IPOCTPAHCTBA HEYHHUTO)KaeMble YacTHIBI. 113 uero
crleflyeT, UYTO HyJ/ieBOe 3HAaueHHWe JHeprud, Takke Kak W 0OeCcKOHeuHoe, 3ampeleHo. [103TOMy JIOTMYHO
TpeJIIoNI0XKUTh, YTO C POCTOM MaTepUa/M3aLdM pacTeT TPOTHUBOJEMCTBYIOLIAsi el Cu/a, MPOIOPLIMOHAIbHAs
YPOBHIO MaTrepvanu3alyu. To ecTb, B 0CTaTOYHOM 3JIEKTPHUUECKOW CHle TIPUTSDKEHUs] MeXIY Y3/aMd UMeeTcst
COCTaBJISIIOIIAs, TIPOTIOPLIMOHA/IBHAS MTOTeHI[abHOM SHeprur O00I0UKy.

OcraBuasicsi 3a O60/10UKO HeKoTOpasi /101 3apsija B TNPOCTPAaHCTBEHHO-HeOTpe/ie/ieHHOW (a3e Tio-
TIpe)KHEMY TIPOSIB/IIeT cebsi KakK OTHOCUTENLHO c/labasi 3/IeKTPpUYecKasi CHia TPUTSDKEHMS, CO3/laBaeMbld €ero

—-U
rPaBUTALMOHHbIN MOTEHI[aI ONUChiBaeTcst hopmyiion @=—.
r

ITpu obpa3zoBanuu OO6oOUeK TPUPOZAA 1M03a00TUIACH O TOM, UYTOObI OH TIPOXOAW/I 0e3 HapylIeHUs
YeTHOCTH cHcTeMbl. [To3TOMy Bcerjia 0e3 HCK/IWOUYeHME, TpaHCoOpMarus TOOXKUATENLHOTO 3apsiia Y3/ia B



3apsioBo-HelTpanbHyo O60/0uky (O60M0UKY YaCTHIbI) COTIPOBOXKJAETCS TPAHC(hOPMAI[Hel OTpPHUIATebHOrO
3apsifia gpyroro ¥Y3i1a B O6osouky (O60/m0uky aHTHuactusl). Ilofo0Hoe rpesnosoxkeHre UMeeT MOATBEpKAeH e
B MHpe peasibHbIX YacTHL], ¥ TaM 3TO siBjieHHe psioBoe. HabmozaeTcst OHO, HaripuMep, B 06pa3oBaHUH D/IeKTPOH —
[Mo3uTpoHHOM napsl B ToToKe ®OTOHOB. VIMEIOTCS U IpyTre peasbHble peaklyi, KOTOPble MOYKHO OOBSICHUTE 3TUM
niporieccoM. OOpaTHBIN TpoLIecc, HarpyuMep, AHHUTUISALUS DJieKTpoHa U [To3utpoHa B @OTOHLI, TaK)Ke TIPOXOZUT C
cobsrofieHreM 3Toro ycsioBusi. Kpome Toro, rpotiecc aHHUTWISALUMM C JBYMsI PealbHbIMU YacTHIIaMH, OHO3HAUuHO
yKasbIBaeT, UTO U B oOpa3oBaHWU OeKTPOH - [T03UTPOHHON Mapbl TakKe yuacTBYIOT UacTHLIbl, HO BOBCE He
BakyyM. IlepBbIMU peasbHBIMM YacCTHI[aMH, O0pa30BaHHBIMM TakuM o00pa3oM, siBjisieTcss rapa HelTpuHo u
aHTuHelTpUHO.

Ha stane oOpa3oBanus CrnuHa u O00/10uKM Marepuanu3alys jenaeT ITpoCcTpaHCTBO 3-X MEPHBIM
EBk/mioBEIM, HO 0e3 rpaBMTanUM U peasaTHBU3MA. [Ipy B3aUMOENCTBUM OJWUHOUHBIX Y3/I0B, HMEIOIINX
OG60MOUKY, «IULIHSS» SHepPrusi MepexoJuT B dHepruto cBsi3u O6osouku. [ToaToMy cyiriectBoBaHue HelTpuHO
pasHo¥ SHeprueii BIIojHe 00BSICHUMO.

W3 o0mpx Mpu3HaHHBIX TPUHLMIIOB aKaJeMHUUeCcKoi HayKH C/ief[yeT, UTO SHeprus repexoAuT B Maccy u
Haobopot. Ho, kak cnedyem u3 eunomesbl, 3Heprusi siBjsgeTcs arpubyroMm VIHTepBasia NpPOCTPAHCTBA, U He
cyuiectByeT BHe VHTepBaia. Takum 06pa3oM, Te3uC 0 MaTepranr3alii SHePriy Heslb3si TIOHUMAaTh OyKBaIbHO.

4. KoMIl/IeKCHEIe HAdCTHILIbI

OO6pa3oBaHre Macchbl TTOKOS

O/eKTpHUYecKre CU/IbI IPUTSDKEeHUsI MeXXJy Y3/1aMU CO3/jaly KOMIUIEKCHBIH, ABYsZepHbIN ¥Y3en. Kakablii
[BYsIIepHBbIN Y3es 0Ka3asics CBSI3aHHBIM C IPYTMM TaKiM >Ke Y3JI0M /IBYMsI KOJI/TMHeapHBIMH, TIPOTUBOII0JIOKHO
HarpaB/ieHHbIMA MHTepBaamu rpocTpadcTBa. C 3TOro MOMeHTa B TIPOCTPAHCTBE TOSIBU/TUCH PeJISITUBUCTCKUE
3¢ deKThl, B TOM UMC/ie U TaKOM, KaK BpeMsi. DBK/IM/I0BO [IPOCTPaHCTBO [IpeBpaTr/och B JIopeHLieBo.

ITBa pa3HOMMEHHBIX Y3/1a (Ba MoHOIO0/IS) B Pa3HbIX (pa3ax B CBA3aHHOM COCTOSIHUM 00pa3yroT Bce 6e3
VCK/TFOUeHHs1 s/ieMeHTapHble yacTulbl (HelitprHo, SnekTpoH, [To3utpon, @otoH). HelitpuHo (aHTMHeHTpHHO)
obpa3yet ofuHOUHBIN Y3en B (haze O6010uku. J1eKTpoH 06pa3yroT Ba ¥Y3/1a, U3 KOTOPLIX OJWH B (a3e
oTpuLIaTeIbHOTO 3apsizia, Apyroi B gaze O6omouku. To e u B oTHOIweHHH [T03UTpoOHa, HO 3apsiy
I10/10KUTe/IbHBIN. POTOH COCTaB/ISIOT ABa ¥Y3/1a B (ase 3apsza. OfnHouHble Y37bl B (pase 3apsja MOryT
CYILIeCTBOBATh NCK/TIOUMTETbHO KOPOTKOE BpeMsi, TT03TOMY Her3BeCTHbI. YaCTHLIbI, ¥ KOTOPhIX 00a ¥Y371a B ¢ase
O6osouky, ipuHOUIoM [ayny 3amnpelieHsl, 31eMeHTapHble BEKTOPbI MarHUTHOTO TIOJISI HE MOTYT 3aHUMATh
OJMHaKOBEbIe (pa3oBble COCTOSHUS. Pa3pyIinTh cBsi3aHHOe cocTosiHe O00/10UKY U 3apsi/ia BO3MOXKHO, HO TIPH
CTO/IKHOBEHHUSIX 3TO siBlieHHe He Hab/roanock. B To ke Bpemsi, peakiyst Tpancgopmanuu DiekTpoHa B @OTOH
00bIUHOE sIB/IeHHe, HO TIPH 0COOBIX YC/IOBHUSIX.

Puc. 1

Ha pucyHke 1 B LleHTpe 1oKa3aHa 4acTuLia «B», cBsi3aHHas C TIOMOLLBIO ABYX VIHTepBasoB IPOCTPaHCTBA
(ZBYX KOJTMHEApHBIX BEKTOPOB) C APYTUMHM uacTULIaMU «A» U «C». HacTULbl «A» U «B», ABIAIOTCA DEKTPOHOM,
vactua «C» [losutpoH. IlepekpécTHble CBg3M He mokasaHbl. Kakjasi ABysijepHas 4acTULld COCTOMT U3 JBYX
OJHOSI/IEPHBbIX UaCTHLl, O/IHA M3 KOTOPBIX B (hase 3apsza, Apyras B ¢ase Obonouku. O60/10YKa KaXKI0M YaCTULIbI
0003HaueHa TOJICTOM JIMHUeH COOTBETCTBYIOIIEro I[BeTa, 3apsy, 0003HaueH MATHOM Apyroro Ipera. Yacruia «F»



sBisieTcss PotoHoM. OctaBiasics 3a O600UKON TIPOCTPaHCTBEHHO-Heorpe/jesieHHast (a3a, MMeroIasi Masiblid
0CTaTOYHBIH YPOBEHb, MPe/ICTaB/IeHa B BH/le BeKTOpa U 0003HaueHa TOHKOM JTMHUEH.

Vi3 OmNBITOB W3BECTHO, UTO YACTHIILI TPAaHC(HOPMUPYIOTCS B YCJIOBHSX CTPOTOTO COOMIO/IEHHs 3aKOHa
YETHOCTH, KakK, HarmpuMep, B peakiuu o0pa3oBaHus OJieKTPOH — [103UTpPOHHOW mapbl. [103TOMYy eciu OfUH
KOJUTMHeapHBIN WHTePBa/l CBSI3bIBAET /[Ba PA3HOIOJSPHBLIX (Pa3HOMMEHHBIX) 3apsia, TO Apyroi - 1Be OO0I0UKH,
€C/IM  KOJUTMHeapHbI WHTepBal CBs3biBaeT 3apsiy, ¥ OO0/IOUKy, TO [pyrod HerpeMeHHO CBSI3bIBA€T
MIPOTHUBOMOJIOXKHEIE 3apsaf U O6onouky (y PoToHa gBa 3apsza).

Co3paHue [BYysIePHBIX Y3/I0B TIPUBEJNO K TIOSIBJIEHWIO HOBBIX 3¢dekToB. IIycTh /ABa KOIIMHEAPHBIX
VMHTepBajia COeANHSIOT YaCTULy «A» C yacTuried «B», 1 mycTb yacTibl «A» U «B» HaxoAsaTCs B OTHOCUTETBHOM
rokoe, To ectb O60/I0UKa He CO/IEPKUT IOTIOJIHUTETbHOU TIOTeHLIMa/IbHON SHepryy, BLI3BAHHOW OTHOCUTETBHBIM
repeMelrieHreM. PaccTossHre MeXXly yacTHLaMH OMpeJiesieHO SHepruel oTjenbHOro VMHTepBasa MpOCTpPAaHCTBA 3a
nipeziesiaMyd O60/IOUKHM (YacCTHUIIBI KaXKYTCA TeM Oke, yeM OOJbIlle CHla TIpUTsDKeHMs). Kak ciieflyeT U3 Tekcra
BbIllle, 3Ta JKe BeJIMYAMHA B MOMEHT O00pa30BaHUs TIOJyYyWIa TIONPAaBKy HAa NPONMOPLUOHATBHOCTH
MOTeHIManbHOW 3Heprud  O6omouku. T103TOMy CKa/isipHOe TPOU3BEJeHHe BEKTOPOB, TMPe/JCTaBIeHHbBIX
KOJIJTMHeApHBIMU TIPOTUBOTIONIOXKHO HArpaB/ieHHbIMU VIHTepBasaMM TIPOCTPAHCTBAa 3a mpefenamu O60/I0UKH,
nipe/ICTaBIsieT cO00 CHTy rPaBHTALMM MeXX/y YacTULlaMi. MUHUMasbHas TOoTeHUasbHast 3Heprusi O60/10uKy B
cocTaBe /IByf/IePHOH YaCTHUIBI B OTHOCHUTE/NBHOM TOKOe siBasieTcss Maccol mokKosi, my (TIp¥ OTHOCUTEJbHOM
[IBIDKEHUH Macca BO3pacTaer).

YuuThIBasi 0OpaTHYI0 3aBUCHMOCTh CUJIbI TIDUTSDKEHUST OT PACCTOSTHUS (C/IeyeT U3 OmbITa) GOpPMYJTy CHTbI

m._m, mm, .
TPaBUTALIAN MOXKHO 3arucath: F'=—X —=——-—r/e r — KO/UINHeapHblii HHTEPBAL.
r r r

O6pa3oBaHue peysITUBUCTCKOM MacChl

U3 criocoba obpa3zoBanust O60/104KM 1 MarHUTHOTO 1oJIs 3apsijia C/ief[yeT, UYTO COCTOSTHHE KOJTMHeapPHbIX
ViHTepBasoB MpPOCTPAHCTBA, BAMsET Ha SHEPreTHKY KakK TOro, Tak W Apyroro. A MMeHHO, yBe/lW4eHUe SHepruu
VHTepBasia MpOCTPAHCTBA COMPOBOXKZAAeTcsi 3(dekrom yBennueHus (azoBoro mpocrpaHcTBa OOOMOUKK WU
ycuieHreM MarHWTHOTO 1oJisi 3apsifia, uTo TI0 CYyTH OJHO M TO Xe (B OyzyieM mposiBUT cebsi Kak yBennueHue
ceueHusl B3auMoOJelcTBUsI). BepHo u obparHoe, TO ecTb cocrosiHMe OO00/I0YKM WM W3MeHeHWe >SHepruu
mMarautHoro Ilonst Briusier Ha VIHTepBasibl MPOCTPAHCTBA. JTH TPOLIECCHI BO3HUMKAIOT TMPH PasHBIX criocobax
B3aUMO/IeMCTBHUS YaCTHUI] MEXY COD0H (3/1IeKTPUUECKUM, MAarHUTHBIN, MEXaHUUECKUH).

IIporjecc B3auMOZENCTBYSA BCerja HauMHAeTCsl C CO3ZaHHS BPEMEHHO CYIeCTBYIOLEN KOJIJIEKTUBHOM
O6osouky (0603HaYeHa NYHKTUPHOM NnHWeW). TIycTh, Kak 1Moka3aHO Ha pucyHKe 1, yactuua «B» [gBrKeTcs B
CTOPOHY uYacTHIIbl «A». Tlepesaua 3Hepruv Bo3MO)KHa uepe3 3apsaza win O6omouky. B mepBoM ciydae OyzeT
obpa3oBaHa KosiekThBHasi TiceBo0O00/0uKa, BO BTOpPOM ciaydae Oyzer obpa3oBaHa KosutekTuBHasi Obosouka.
JTroboii crocob Tmepefaun OCyIIeCTBUM, eC/id, O KpaHel Mepe, OJHa YacTHWLAa WMeeT TPOCTPAHCTBEHHO-
orpefiesieHHy0  O6omouky. KosektrBHasi O6osiouka 3aMKHET MyTH TepepacrpesiesieHus JHepruu  depes
MHTepBasibl IPOCTPAHCTBA OCH CUMMETPHUH, CBsI3bIBalollleil 0be yacTuLbl, (B CBOOOAHOM YacTulle 3T MyTH BCerja
Da30MKHYTbIE).

WHTepBan mpocTpaHCTBa IpefCTaB/ieH KaK BEeKTOp, I03TOMY 10 3aKOHY CJIOKeHUs BeKTOPOB
yepe3 Ko/UleKTHBHYHO OOOMOUKY BHYTpeHHsisi SHeprusi uyacTijpl «B»  TepepacripefieTuTcs B
COOTBETCTBYIOLL[EM TIPOMOPLMM MEXJy OCAMHA CHMMETPUM BCeX UWHTEpPBajJOB IPOCTPAHCTBA,
CBA3BIBAIOILMX YACTHLY «A» U «B» CcO BCeMM yacTMIIaMH BCEro MHMPOBOTO TPOCTPaHCTBa. B Tom uwcre,
nepeiiieT B 4acTULy«A» [0 IIyTH, HalpaBJeHUe KOTOPOrO COBIaZlaeT C HalpaB/leHHeM BeKTOpa, TeM CaMbIM
VBEe/MUMB €& BHYTPEHHIO 3HEeprui0. MeXXIy YPOBHSIMU SHEPrud KOJUTMHeapHBIX VIHTepBasoB MpOCTPaHCTBa,
CBSI3bIBAIOLIMX YacTULy «A» U «B» co BcemMM yacTullaMu BCero MUPOBOI'O IIPOCTPAaHCTBa, BO3HUKHET HEPAaBEHCTBO,
JPYTYMH CI0BaMH AUcHponopuusi. PesysbraTt OyZeT TOT >Ke, eC/iv B/UsSHUE Ha YacTully «A» OyJeT okasaHO uepe3s
3apsi/| BHELIHMM 3/7IeKTPUYeCKUM WM MarHUTHBIM [Tosem.



B 2unome3se cdenaHo npeono/odiceHue, umo KonnuHeapHble uHmepeasbl npocmpaHcmed, Haxoo0swuecs 8
npocmpaHcmeeHHo-HeonpeodeaeHHOU ¢ase 3a npedenamu OOONOUKU 8 MHUMOM NpOCMpaHcmee, CmMpemsimcsi
ycmpaHumsb oucnponopyuio. YCTpaHeHHe AUCIPONOPIUH MPOSBJIsIET ceds B Tepepacripeie/ieHUd SHepruu
Mexxay O6om0ukoii W MarHWTHBIM [loneM. YcTpaHeHWe [AWCTIPOTIOPLMUA  COTIPOBOXKJAETCS  YCKOpPeHUeM
(TopmoykeHreM) yacTuibl. OOHaPY)XHUTh TPOLIECC YCKOPEHUsI (TOPMOXKEHWsT) TIPU ylape BU3yalbHO HEBO3MOYKHO,
TaK KakK M3MeHsIeTCsl BHyTpeHHee COCTOsiHHe VIHTepBasioB MPOCTPAHCTBA, C/Ie[0BaTe/bHO, CO CKOPOCTSMH BhbIIIe
ckopocTd cBeTa. OOGHApY)KUM TOJILKO pe3ysbTaT [BIWKEHHUs YacTul] B [eCTBUTENbHOM IPOCTPaHCTBe (B BUje
HOBBIX BEKTODOB PAaBHOMEDPHOM CKOPOCTHM WM TIOKOsI). BMecre C umcue3HOBEHHEM [UCIIPOTIOPLIMM SHEPTrHs
KOJ/UIeKTHBHOM OO6O0/OUKM Takke repecTaHeT rpeobriazaTh Haj, BHYTPeHHEH SHeprueil 4yacTWl, W HCYe3HeT.
KoHeuyHbIM pe3ynbTaTOM yCTpaHeHUs! JUCTIPOTIOPLUY SIBJSIOTCSI HOBbIE CKODOCTH, HarlpaB/ieHus], HOBBIN YPOBEHb
MOTeHIanbHON SHepriud OO0MOUKM ¥ MarHUTHOTO Ilosii C COOTBETCTBYIOIIUM CeueHHeM B3auMOJeHCTBHUS
(reometpuueckue pa3mepbl O60s10uky). [ToTeHMAMBHYIO SHEPTHI0, IOPOXKAEHHYIO AVCIIPOTIOpLUe, yo0Hee 1ist
KOHKDETHOCTH Ha3BaTh PEJIATUBUCTCKOW JHeprrei.

YucieHHOe 3HaueHHe MOTeHIHaIbHOM PelATUBUCTCKOW DHEePriuM Ha OAHOM U3 oceli CUMMeTpUU He OygeT
HMMeTb HUKAKOI'0 OTHOIIIeHUS K 3HaUeHHSAM Ha HarlpaB/eHUsIX, OTNpe/ie/iieMbIX IPYTMMH OCIMA CUMMETPHH, TO €CThb
PeNISITUBUCTCKAst JHEPTHsI BCcerja OTHOCUTe/IbHA (B OT/IMUME OT BHYTPeHHEeH DHepruun).

B coBpemeHHOHl (u3MKe TIPUHATO BMECTO PpeNATUBUCTCKOW Macchl HCI0/Ib30BaTh  TOHATHE
pensaTuBUCTCKOM OHepruu. C ¢usnueckod TOuku 3peHust 3To 00ocHOBaHO. OfHAaKO TaM, Ijie HCIOJ/b3yeTcs
UMITYJIbC, TPUXOAUTCS 0003HAUaTh U OOBSICHATE TaKyr0 ero KOMITOHEHTY, Kak m (Macca). ITo criocoby obpa3oBaHus
my (Macca ToKost) U mg (PeIATUBHCTCKAsi Macca) sIB/SIFOTCS C/IeCTBUeM (pe3y/IbTaToM) MaTepranu3alyy SHepruu
VnTtepBasnoB npoctpaHcTBa. I103TOMyY HeT cMbIc/ia UCIOIb30BaTh OIHY Mo U HE UCII0/b30BaTh JPYrylo me. [anee B
TeKCTe TpU HeoOXOAWMOCTH OyZyT WCIONb30BaHBI M TIOHSTHE DEeATHBUCTCKOW MacChl W DeNsTUBUCTCKON
OHEepruu.

BriBoj; hopmyJibl 4-X MEPHOTO UMITY/IbCa
PeIATUBUCTCKUI MEXaHU3M 3aK/TFOUaeTCsl B yCTPaHeHUH AUCIIPOTIOPLIMK MeXXay SHeprueii O6010uku

Y SHeprueit MarHUTHOro I10/1s1 YaCTULIBI B YCIOBUSX 3aKOHA COXPAHEHHsI UMITY/IbCa.

WHTepBaJibl MPOCTPAHCTBA B MPOLIECCAX B3aUMOEHCTBYS 3HAUAIbHO MPeZCTAB/IeHbl KAK BEKTOPBI.

JTMHBI BeKTOPOB HAaXOJATCS U3 YCI0BUA A°+B°=C"

Ecmm, B’=0T0 Bo3HuKaet paseHcTBo(m C)*=(mV ).

3meck BemurHa MC ecTb WUMIYJIbC, TeHepUpPYeMblii Ko/leKTuBHO#M 00010ukoii, C — BeKTop
CKOPOCTH HM3MeHeHust sHeprur O60/I0UKM B MHUMOM TIPOCTPAaHCTBe, MV — MpUoOpeTeHHbIi B pe3y/ibTaTe
YCKOpPEHHsI MMITYJ/IbC YaCTHIB, M — PesTUBMCTCKas Macca,V— NnprHo6GpeTeHHbI BEKTOp CKOPOCTH (B
nerictBuTeibHOM [IpoCcTpaHCTBE), peaibHO, CKOPOCTh MepeMeleH s YaCTULIbl. BesinunHa m 0/[UHAaKOBbIM
obpa3oM BXouT B 00e 4aCcT paBeHCTBa.

Ecm  o6osHaunts mC°=E, a mV=P, To Bce BbIpaKeHMe MOXHO TIPUBECTH K BHY
(E/ICY—P°=0,tme E —smeprua O6onouku, a P — npro6peTeHHbIi UMMy IbC.

OTO BBIpa)KEHHE XOPOIIO M3BECTHO B K/IaCCHUeCKoi ¢H3uKe, M TpejCTaB/isieT co00i 4-X MepHbIHA
UMITYJIbC /I YacTHll, He MMEOIIUX MacChl MOKosi, Haripumep, dotoHoB. Kak crefyeT u3 ¢opmyiisbl,
C=V ®OTOHBI JBWXKYTCS CO CKOPOCTHIO C.

Ecnmu Y3en MeeT Maccy IMOKOSI, TO YUMThIBasi, uTo JelicTBre CHJI, MOPOXKAEHHBIX Maccoi TOoKos,

IMPpONCXOJUT B MHUMOM O6]'IaCTI/I, cilenyeTr 3allkMCaTb BbIpa)Ke€HHE [1Jid MMITYJ/IbCad, KdK m, C, a SHeprus,

2
COOTBETCTBEHHO, m, C*, M- Macca MOKOs.

Takum 00pa3oMm, B JIeiCTBHE BCTYIIaeT eié oauH BekTop M, C.

Kak scHO U3 mpefplylero U3jIO0KeHus, peaaTuBHCTcKaa Macca m m Macca mokos ™M, Kak
pe3y/bTaT yCTpaHeHUsl AWCIIPOTIOPIUY, O/IMKadIne «POJCTBeHHUKW», CIe[J0BaTe/IbHO, U 10 PeaKI|U
Ha Bo3ZelicTBre BHelllHel CH/ibl He [JO/DKHBI OT/IMUaThCS.



TTo3ToMy 0611jas hopMy1a ummybca npunanumaet sug (m C)*=(mV )*+(m,C)*
[To 1OroBOpEHHOCTH CKOPOCTH CBeTa C  Moxuo mucats 6e3 TUT/Ia.
[TpuBesieHHOE BBIIIIE BBIpA)KEHWE JIeTKO TipeobOpa3yeTcss B W3BeCTHYIO (opMmyny 4-X MepHOTo
HMMITYJIbCa B 4-X MEPHOM MPOCTPaHCTBe (E /C )2 —T)zzmﬁc ?
Benmiuvny (E /IC )2 TPUHATO Ha3biBaTh HYJE€BOW KOMIIOHEHTOW 4-X MEpPHOr0 HWMITYJIbCa,
E=mGC? - sHeprusi, m; C* - BHyTPeHHUI UMITy/IbC YaCTHUIb! (KBA/[PaT UMITY/IbCa).

N3 Toii xe (opMyJbI C TIOMOILIbIO 3/1€EMEHTAapHOIO pacyeTa JIerko TMOJy4aeTcsl CBSI3b MEXIY

m =

pesnaTuBUCTCKOM Macco ™ u Maccoy nmokost My

Takum ob6pa3om, [y BbiBoga GopMy/bl 4-X MEPHOr0 HMMIYJbCa O0Ka3ajoCh [[OCTaTOYHBIM
WCTIO/b30BaTh TOJBKO UCXOZHbIE TOJIOXKEHUSI U TIPOCTOM pacueT M He MOTPebOBasoCch HCIIO/b30BaTh,
HaripuMmep, Takue TMOHATUS, KaKk KOHTMHYyM NpOCTpaHCTBa-BpeMeHH, M30TpornHocTh, OHOPOAHOCTh U
npyrue cBoiictBa IIpoctpaHcTBa. Ho 3TO Bcero jviib BUAMMOCTb. Ha camom pene OHOPOJHOCTH
MIPOCTPaHCTBa, KOTOpasi, Kak MPU3HAHO B (PU3MKe, SIB/ISETCS YCJIOBUEM COXPaHEeHHUs UMITYJIbCa, HesSIBHBIM
00pa3om CoJiepKUTCsI B CBOMCTBAX TUIMOTETUYECKOTO0 MHHMMOTO MPOCTPAHCTBA. ['UMoTeTuueckoe MHAMOe
MIPOCTPaHCTBO, €C/IM He paccMaTpuBaTb HUUTOKHYIO [IOJIF0 BK/IIOUEHWM B BHJE [JeUCTBUTETbHBIX
00BEKTOB, 13-3a OTCYTCTBUS B HEM JIOKaJIbHbIX 00pa30BaHUM SIB/ISIETCS allPUOPU O/THOPOHBIM.

B knaccuueckoli (u3vKe yallje BCEro BCTpeuaeTCs yTBep)K/AeHHe, UTO pesiTUBUCTCKasi Macca
€CTb AaKTHBHOe 3BE€HO MeXaHH3Ma, KOTOpbl OrpaHUuYMBaeT OTHOCUTEbHYIO CKOPOCTb, B KOHEUHOM
UTOre He /laBasl MPeBbICMTh HEKOe MaKCuMMaibHOe 3HaueHWe. C TOUYKM 3peHusl TMIOTe3bl 3TO He Tak,
penATUBUCTCKAasg Macca W CKOpPOCTb B [JIeWCTBUTE/NILHOM IIDOCTPAHCTBE SBJSIOTCS OCTAaTOYHBIMHM
SIBJICHUSIMU JIeViCTBHSI 3aKOHAa COXPAaHEHUS MMILY/IbCa. PensTUBUCTCKUA MeXaHW3M eCTb C/Ie[iCTBHe
BCQO6H.IEFO 3dKOHa COXpPdHEHHWA HMITYJIbCa B YC/IOBUAX OrpaHUYEHHOCTHU MaKCHUMaJIbHOM CKOpPOCTH TIie€penayun
ummyabca. PenstuBucTcKass Macca, BMecTe €O CKOPOCTbIO, 00pa3yrOTcsi BC/Ie[CTBHe TIpoliecca
yCTpaHeHUs] BHYTPeHHero KOH(IMKTa YacCTULbl, BO3HHMKILErO K3-3a B3aUMOJEWCTBUSL C JpPYrou
YyacTUIlel 1pu 0OMeHe SHepruex.

5. ITpyUHLIMIT OTHOCUTETLHOCTH.

IIpyHLMN OTHOCUTEIBHOCTH 3aK/IH0YaeTCs B TOM, UTO MPOLiecC B JIeBOM YaCTH (MHTepBasbl MPOCTPaHCTBA
00603HaUeHbl CIIOMIHBIMU JIMHUSIMM) MOJKET pacCMaTpUBaTbCA HE3aBUCHMMO OT IIpoljecca B TPaBOH YacTH
(uHTepBasLI POCTPAHCTBA 0003HAUEHBI MyHKTUPHOW JMHKEH). To ecTb He UMeeT 3HAaUeHWs], YTO TIPOUCXOJUT C
WHTEPBAJIOM TPOCTPAaHCTBA, 0003HAUEHHOTO TOJICTBIM MYHKTUPOM, eC/TM PacCMaTpUBAaeTCs M3MeHeHWe WHTepBasa
MIPOCTPAHCTBA, 0003HAUEHHOTO TOJICTOM CIUIONIHOM JIMHUEW. YC/IOBHO TOBOps, He WMeeT 3HAueHWs, UTO
TIPOMCXO/IUT «C3aiv» YacTulbl «Bx», ecmu paccmatpuBaTh e€ B3auMOelCTBHe € yacTvielt «Ax». [locnmeayrorive
paccykieHus: OyIyT UMeTh OTHOIIIEHHE K JIEBOH UacTH, ¥ CTPOTO B0/ UMITY/Ibca P (OCH CUMMETPHH).

Ha pucyHke 2 B 1jeHTpe ITOKa3aHa 4acTULja CBA3aHHAs OCSIMH CUMMETDPUM CO BCEMU OCTa/IbHBIMU YaCTULIAMMU.
Bce mpocTpaHCTBO pa3fenieHo TIOCKOCTBI0 Z, OpTOroHajabHOW ivcty Oymaru Ha 2 vactu (I u II), mpoxopsimeit
yepe3 YaCTUIy U OPTOTOHATBLHON UMITY/IbCy P, IeHCTByOIero B TIOCKOCTA OyMaru Ha 4acTury «A». Bo3HHK/IH
JaBa riogMHo>xecTBa I u 11



Puc. 2

ITycte Ob6osouka yacTuilbl «A» obpa3oBaHa VIHTepBasaMu MPOCTPAHCTBA, BK/IIOYEHHBIMU B Heé HauaioM
BeKTOpa. B cooTBeTCTBUM C yC/IOBHOM Npe/iBapyTe/bHOM J0rOBOPEHHOCThIO, BHEIIHWUI UMITYJ/IbC MOJKET IepesaTh
SHEPrUI0 TOJILKO B Te MHTEPBaJIbl IIPOCTPAHCTBA, KOTOPLIe 00pallieHbl K UMITYJ/IbCY Haua/loM.

IMocse Bo3aelcTBYS Ha YacTULy «A» uMIlyyibca P sHeprust Bcex iHTepBasoB MPOCTPAHCTBA BCEX UACTHI]
TIOZMHO>KeCTBa I, MoJIyuuT 1oJI0KUTe IbHOe TprpallieHye. BO3HUKHeT JUCTIPONIOpLYS C OAMHAKOBBIM 3HAKOM [i/Is1
BeX KOJUIMHeapHbIX VIHTepBajioB IMpPOCTPAHCTBA, COEJUHSIOIIMX YacTULly «A» CO BCeMU YacTULAMU B
nogMHoskecTBe 1. Beies 3a 3TUM BO3HUKHeT OJJUHAKOBO HampaB/eHHas CUla YCKOpeHus (pe3yJibTaT yCTpaHeHHs
[JUCTIPOTIOPLIMK), B pe3y/bTaTe y BCceX MHTEPBA/JIOB MPOCTPAHCTBA MOAMHOKecTBa I MOSBUTCS cocTaBrsolas B
BH/le MIOTeHI[1a/IbHON Pe/IATUBUCTCKON JHeprun. B nosmMHoxkecTse II Bce mporjeccsl UAyT ¢ 0OpaTHBIM 3HAKOM.

COOTBETCTBEHHO, MpOIecC B /eBOM uyacth «I» (MHTepBa/ibl MPOCTPAaHCTBA 0003HAUEHBI CIIIOMIHBIMU
JIMTHUSIMM) MOYKET PacCMAaTpUBAThCS HE3aBUCHMO OT TIpoliecca B mpaBoM yactu «II» (MHTepBajibl MPOCTpPaHCTBA
00603HaueHbI MyHKTUPHOU JIMHKEH). TO ecTh He UMeeT 3HaueHMs], UTO TIPOMCXOJUT C UHTEPBA/IOM MPOCTPAHCTBA,
0003HaYeHHOTO TYHKTHPOM, €C/M pPacCMaTpUBAeTCs HW3MeHeHHWe WHTepBajia MPOCTPAaHCTBA, 0003HAUEHHOTrO
CIJIOIIHOM JITMHUEM.

I'uroTeTHUeCKH MPUHIAIT OTHOCUTEILHOCTH oT/invaercs: oT O6irel Teopuu OtHocutensHOCTH (OTO)
ODiliHIIITeliHa UIMEHHO He3aBUCHMOCTBIO TIPOLIECCOB B YCIOBHO JieBod W TipaBoii yact. B OTO mpotiecc B yieBoi
YacTH TOT JKe TIPOIeCC, UTO U B TPaBOM YaCTH, HO C OOpaTHBbIM 3HAKOM. Takasi OTHOCHUTENHHOCTh Obla ObI
peasM30BaHa B CHCTEMe YaCTHI], CBSI3aHHBIX OJ[HMM MHTEPBAJIOM TPOCTPAHCTBA, HAXO/AIUMCS He B BEKTOPHOM, a
ckansapHoi (opme. THITOTETUUECKYIO OTHOCHUTENBLHOCTb, B OTJIMUHE OT K/IaCCHUeCKOH (CKaaspHOH), ObLIO ObI
y00HO Ha3BaTh HarpaB/eHHOW (BekTopHO#). OnbiT dapajies C MOCTOSHHBIM MAarHUTOM M TIPOBOJHUKOM He
HaxogaT o0bsicHeHus B OTO. B To ke Bpemsi, BeEKTOpHas OTHOCUTE/BLHOCTh ITOJTHOCTBIO Y/IOB/IETBOPSIET OMBITY
®apages. BepositHo, B IIpupo/e peanu3oBaHa BeKTOPHast OTHOCHUTETBHOCTb.

6. PesiaTuBUCTCKas 3Heprus doToHa
B obpasoBaHMM peATMBUCTCKOM OHepruM 3a/leliCTBOBaHbl TOJABKO Io0J0BHMHA MHTepBasioB
TIPOCTPAHCTRA, C/Ie/I0BaTe/bHO, PEATHBUCTCKAs JHeprus OyJieT B /IBa pa3a MeHbIIe, yeM B ciydae ¢ OO0OUKOM,

B 06pa3oBaHMM KOO 3ajeiicTBOBaHbI BCe VIHTepBa/bl MpocTpaHcTBa (1mo3toMy E=m(C?). COOTBeTCTBEHHO,

pensiTuBUACTCKast Macca m jo/pkHa uMeTh Ko3hGHULMeHT MPOnopLUoHansHoCTH 1/2.

ITo aTo¥i ke mpyuurHe KO3(p(HULMeHT MPONOPLMOHANBEHOCTH B (hopMyie TMPOMArHUTHOIO OTHOLLIEHUSA
opOUTA/IbHBIX MOMEHTOB OyzerT paseH 1/2. B To ke BpeMs TMPOMarHUTHOE OTHOIIIEHHE CIHHHOBBIX
MOMEHTOB nMeeT K03((HUIFeHT MTPONOpPLHOHATFHOCTH B [1Ba pa3a O0JbIIIN, TO eCTh paBeH 1.

_m

dopmysia umnybca 6yget umets Bug: P=-—V . Tne V, ckopocTs B 1eliCTBUTETEHOM MPOCTPAHCTEE.

2

2
mV
OHeprusi, COOTBETCTBEHHO: E ZT.



®oTOH 00BIUHAS MaTepHua/ibHasd 4YaCTHlld, OT APYTHX YaCTHUIL] eé oT/IMyaeT MaKCUMa/IbHO BO3MOXKHast
OTHOCHTEJ/IbHadA CKOPOCTb AJid I,1:[(-EI\/'ICTBI/IT@]'ILH01"0 TMPOCTPAHCTBA, [MTO3TOMY €ro SHePrvsa C yueTOM CKOPOCTHU OOJ/DKHA

P
mC 2
BBIT/IAJeTh TaKxke F :?, (4TO He COOTBETCTBYET OOIIETIPUHATOMY BhIpakeHHI0 sHeprur dotoHa: E=mC")

W3BecTHO [pyroe BeipakeHue st sueprun ®oroHa: E=hv

c’ hv

m =2
IMTpupaBHuBasi 06a BEIpAKEHUS, IOAyUnUM: ——=hV , oTcloga M= 3
2 C
To ectb persTuBUCcTCKast Macca ®oToHa B /jBa pa3a 00Jiblle, YeM CUATA/IOCh.

IMoHsiTHe «pensSTUBUCTCKass Macca» DOTOHA COZIEPKUTCA HEKOPPEKTHOCTh. DOTOH TPEICTaB/IseT COO0H
nBa 3apsiia CBsi3aHHBIX BMecTe. Y @DOTOHa HeT Macchl MOKOos, HeT O6omouku. Takasi CTPYKTypa HCK/IIOYaeT
PeSITUBUCTCKUIN MexaHu3M. Tem He MeHee, ®OTOH 00/1a/laeT CMIOCOOHOCTBIO XPAaHUThL W TIEPEHOCUTb YHEPTUIO B
noTeHUanbHOU opMe. OTBET Ha 3TOT BOIPOC JIE)KUT Ha TMTOBEPXHOCTH.

bnarogapsi OTCYTCTBUIO peNsITUBUCTCKOrO MexaHu3Ma ®OTOH Bcerja [JBWKETCS C MaKCHMabHOM
CKOpOCThI0. BOKPYT ZIBYX JBWXKYIIUXCS MPOTHBOIIOIOXKHBIX 10 3HAKY 3apsi/ioB, 00pa3yroTCs /IBa MAarHUTHBIX TTOJIS,
KOTOpbIe B3aMHO HeWTpaau3yloT JPYT Apyra Bo BCEM MPOCTPaHCTBe, KPOMe IUIOCKOCTH, pa3zesistoleid 3apsaibl U
BK/IIOYAIOILlel HarpaB/eHue ABWKeHUs. JTa IJIOCKOCTh aHanornuHa IlnockocTH moaspu3anuM B K1acCUYeCKOn
(usmKe. DneMeHTapHbIe MarHUTHBLIE BEKTOPLI 060ux ITosieil B 3TOM TJIOCKOCTH HarlpaB/ieHbl OJJMHAKOBO U MOTYT
OpraHW30BaThCsS €WHCTBEHHBIM 00pa3oM B BHe CyMMapHOIO BEKTOpA, HarpaB/ieHHOTO OPTOTOHAIbHO OCH
riepeMelrieHys (He B BUZle KOHI[EHTPUUECKUX CHU/IOBBIX JIMHUM).

OJIEKTPOH, IIPU TOPMOJKEHWH, HallpUMep, B aHTeHHe, I1epeZlaéT CBOO SHEPTUI0 MOJ/I0KUTEeTbHOMY 3apsAay
®otoHa. OrpurjatenbHblii 3apss, DoToHa SHeprur0 He TmosydaeT. Ho Osarozaps mpoljeccy yCTpaHeHUs
JUCIIPONIOPLIMM COOTBETCTBYIOIAs YaCTh SHEPIUM IepelifieT B OTpuLiaTesbHbIN 3apsis. B miockocTu nonsipusanyn
BO3HHMKHET CyMMapHBbI BEeKTOp MarHWTHOro [losis, MpOCTpaHCTBeHHOe HampaB/ieHHe KOTOPOro B IIJIOCKOCTH
nossipu3aliy  (YCJI0BHO BBEPX WM BHHM3) OyZleT OfHO3HAUHO OIpeJesisThCs HanpaB/eHHeM TOPMOXKEeHHUS
OnekTpoHa (OpTOroHaAbHO HampaB/AeHUI0) U COXPAHUTCS TIPY JABMWKeHUH POTOHA B MPOCTPaHCTBe. DIeKTPOH, IpU
rocsieiyroiel Bcrpeue ¢ TakuM POTOHOM, MOMYUYUT UMITY/IbC COOTBETCTBYIOLL[ETO HAIlpaB/IeHUs.

Takum 06pa3oM, sHeprur0 MarHuTHoro ITosst @oToHa ¢ GOJBIION HATHKKOM MOXKHO Ha3BaTh Maccol, TeM
Oosiee PeSITUBUCTCKOW. AOCO/IOTHO HUKAKOW PeNITUBUCTCKON COCTABJAMONIEH (3aBUCUMOCTH OT CKOPOCTH) B
OGP&BOB&HHI/I HOTEHI_[I/IaJI])HOI‘/II SHEPrur MarHMTHOT'O ITonsg ®doroHa HeT. Eciu ucrons3oBath NMoHATHEe Macchl B
otHomeHnu @otoHa (Mo mpuMepy uacti] ¢ OO60/OUKOM), TO e€ ciefyeT Ha3BaThb, Harpumep, 3aps/0BOM
(iperioiarasi MarHATHBIM 3apsijl, Ha3BaHWe «MarHUTHas Macca» - CIMIIIKOM OpUTHHaIbHOE).

7. KBaHTOBas HeJIOKa/JIbHOCTh

B coBpeMeHHBIX [AMCKYCCHSIX O TIpDUHLMIIE B3aUMOJEWCTBUS MeXAY 4YacTULaMH, CBOMCTBa
Tripe/ijlaraeMoii MoJle/Ii SIBHO COOTBETCTBYHT TOM uacTH HepaBeHCTB bessia, B KOTOpoli peann3oBaH
MIPUHLIMIT KBAaHTOBOW HesioKanbHOCTH [1] (MHGQoOpMauys o0 J/0Kaau3aluu YacTULbl MPOXOJUT CO
CKOPOCTbIO BbIllle CKOPOCTH CBeTa, M Kak CJ/ie[iICTBUe, CBOMCTBA YaCTWL] He OIpejeseHbl 0 MOMeHTa
B3aMMOJIEMCTBUS). DTO CelyeT M3 TOTo, UTo Osiarofapsi TUIIOTETUUECKOMY MeXaHHu3My 0Opa3oBaHUs
YacTUl] y HUX CyIIeCTByeT [eHCTBUTe/NbHasi W MHUMasi 4acTd. B3auMogeiicTBUe MeXJy uacThLlaMu
MIPOMCXOAUT B MHHUMOW YaCTM KOMIUIEKCHOTO TIPOCTPAHCTBA, C/e/0BaTe/NIbHO, CO CKOPOCTEIO,
TIpeBbILIaoIIeld CKOPOCTh CBeTa, U TOJIKO 3aTeM OTpaXkaeTcs B [IeMCTBUTE/ILHOM MPOCTPaHCTBE B BUJE
HOBOT'O B3aMMOPACIIO/IOXKeHUsT YacTuil[2]. MHUMbIe YacTH BCeX YaCTHI] PacrpOCTPAHSIOTCS Ha BCE
MHHMOe TTPOCTPAHCTBO, BCe UAaCTHILIbI BCET/]a Hepa3phIBHO CBsI3aHbl MEX/y COOOM.

CoBpeMeHHbIMU HCC/Ie/JOBAHUSIMU OOHapy>keH psifi 3(PQeKToB, KOTOPble MO>KHO OOBSICHUTH
TOJILKO B3aUMOZIeMCTBYEM B MHHMMOM IPOCTPAHCTBe, HArlpuMep, CiiyTaHHOoe cocTosiHue uactull [4]. C



K/TaCCUYEeCKUX TIO3WIUA 3TO KaKeTCs HeoOBbsICHUMBbIM. HoO THIIOTeTHUeCKU SIBJieHHWe [JO/DKHO ObITh
PSIZIOBBIM.

B camoli mocraHOBKe BOIpOCa O CyHIeCTBOBAHMH CBOMCTB Yy YacTHIL] A0 B3aMMO/eHCTBUS,
COJIEP)KUTCS [0S MeXaHWI[U3Ma, 10 KpaiiHeli Mepe, B (opMe HesSBHO TPUCYTCTBYIOLETO Te3uca O
He3aBHMCHMMOM CYIIIeCTBOBAaHWM YacTWll. 3 THUMOTeTUYeCKOW CTPYKTYpPhl 3/7eMeHTapHbIX YaCTHI],
C/Ie[lyeT, UTO B KaXK/[OM UacTULle MPUCYTCTBYeT J0JIsi APYTOM UaCTULIbI, U O He3aBUCUMOM CYI1leCTBOBaHUM
He MoxeT ObITh peun. CriefioBaTe/bHO, HEPaBEeHCTBO besia, MPUMEHUTENHHO K TUIIOTe3e, COAEpPKUT
pacilivpeHHbIN CMBIC/: KOHKPETHbIe CBOMCTBA YaCTHUI] BO3HUKAIOT TOJILKO B CMCTeMe YaCTHI] U TOJIbKO B
YCJIOBUSIX U B MOMEHT KOHKpeTHOro B3aumogetictBusi. [Ipu 3ToM xapakTep B3aumogeicTBuUS sIB/IsSI€TCS
OTIpe/ie/ISIFOIUM, U OfepaTophl B3aUMO/IeHCTBUSI aKTUBU3UPYIOT Te TapaMeTpbl CUCTEMbI, KOTODbIe
TI0/IBep>KeHbI JIOKa/bHbIM U3MeHeHUsIM (KOJIMUeCTBO JBWXKeHHs B pa3HbiX (opmax, (a3a COCTOSHUS,
COCTaB YaCTHLIbl). DTH MTapaMeTpPbl CUCTEMbI BLICTYTIAOT KaK CBOMCTBA UaCTHII.
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