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AHHOTaAMA

KoH1jenus, corjiacHO KOTOPOW BCe YacCTHUI[bl HAXOMSATCS B HEMPEPLIBHOM CBSI3U MEXY COOO, B
CTaThe JIOTIO/IHEHA KOHI[EMI[{ell pa3sBUTHSA CTPYKTYPbI CBI3aHHOTO COCTOSTHUSI OT MIPOCTOTO K CI0XKHOMY.

[Toka3aHo, Kak B paMKaxX MOZIeJ/IH TI0C/IeI0BATe/IbHOE YC/IOKHEHHE CTPYKTYPhl CBSI3aHHOT'O
COCTOSIHHSI THIIOTETHYECKMX MHUMBIX UaCTHL] TIPUBOZUT K TOSIBJIEHHIO MaTepHa/IbHBIX YaCTHI] C
BCEBO3MOKHBIMU (hOPMaMH B3aUMOZEHCTBYS U CO3JaHHOMY YaCTULIAMH CI0)KHOMY TIPOCTPaHCTBY. ITpu
3TOM 0Ka3a/I0Ch BO3MOXHBIM 00beMHUTD 3JIEKTPUUECKIe, MarHUTHbIE U CHJIbI TPaBUTaLii. Macca He
AB/IsIeTCst GOPMOIA ITOTeHIIMaIbHOM SHePIUH, a sIB/IIeTCS OAHUM U3 IBYX KOMIIOHEHTOB UMIIy/Ibca. ITo
croco0y 1 MecTy 00pa30BaHUs CYIIeCTBYIOT CIIMHOBAsi, 000/10ueuHasi, peIATUBUCTCKAsT U 3apsijoBast
MacChl. BeKTOp 3/1eKTpUUeCcKoi cocTaB/isitolleit (hoToHa Ha caMOM /iejie 0Ka3asicst BEKTOPOM MarHUTHOM
cocTas/istiroitieid. VI3 Mo/iesii Tak>ke Cie[lyeT, UTO B3aUMOJIeHCTBYE MeX/y YaCTUL[AMUA OTBEYaeT
TIPUHLIAITY KBAaHTOBOM HEIOKa/TbHOCTH (MH(OPMAIHsI O JIOKA/TU3aLUK YaCTHULIbI IPOXOJUT CO CKOPOCTBIO
BbIIIIE CKOPOCTH CBETa, C/IeZl0BaTeIbHO, CBOMCTBA UaCTHI] He OTpe/Ie/IeHHbI 10 B3aUMO/IEMCTBUS), U, TaK
Ha3bIBaeMasi, <kKBAaHTOBAHHasl 3alTyTAHHOCTb» €CTh C/IeZICTBHE 3TOTO MPUHIIUIIA.

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 not a form of
potential energy, but one of two components of momentum. According to the method and place of
formation, there are spin, shell, relativistic and charge masses. The vector of the electrical component of the
photon actually turned out to be the vector of the magnetic component. It also follows from the model that
the interaction between particles corresponds to the principle of quantum no locality (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), and the so-called "quantized entanglement" is a
consequence of this principle.

Kntouesble cno6a: Macca, 3apsiji, MarHuTHoe 1oJie, ceueHre B3auMO/IeiCTBUsI, MaTepuaau3aLysl,
CTIVH, TIOJISIPU3aLysl.
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1. IlpegBapuTe/ibHbIE TIOSICHEHUSA
OcHoBHBIE CBOMCTBA UHTEepBaJIOB IPOCTPAaHCTBa
CoznacHo 2unome3se, 3j1eMeHTapHble YaCTHlbl, B TOM 4HC/iIe U cDOTOHI:I, He ABJIAIOTCA 3/IeMeHTAPHbIMU
HaCTullaMu B TMPAMOM CMBIC/Ie, d SABJIAKOTCA BTOPUYHBIMUA O6p830BaHI/IHMI/I, CO3M1aHHBIMHM B CHCTeMe YdCTHII,
Ha3bIBd€MbIMH I/IHTepBaJIaMI/I MPOCTPaHCTBA, U CBA3aHbI MEXY coboi I/IHTepBaJIaMI/I MPpOCTPAHCTBA.
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B 2unomese cdenaHo npednosoxceHue, uto VIHTepBabl TIPOCTPAHCTBA TPEACTABISIIOT COOOM MPOCTYHO
YyacTully, He CTPYKTYPUPOBaHHYIO, He COJAEPKAIyH) JIOKA/IM30BAaHHbIX BO BPEMEHH H MPOCTPAHCTBE
oOpa3oBaHMi, 00/1a7]al0T COOCTBEHHBIM, HE3aBUCUMBIM OT APYTHX CyIeCTBOBAaHHEM, TO €CTh OHU HeJenMbl U
HEYHUUTOXKUMBI. VIHTepBa/Ibl MPOCTPAHCTBA MHUMbIE YaCTHILIbI, TOHSITHE Macchl [Jis1 HUX He MCTI0/b3YeTCs.

ViHTepBasbl MPOCTPAaHCTBA UMEIOT [iBa Pa3HOMMEHHBIX 110J1t0ca (YC/I0BHO Ha3BaHHBIX TOTOXKUTETBHBIM U
oTpULIaTeNbHbIM), CBSI3aHHbIe OCbIO CUMMETPUM C COOTBETCTBYIOLIUM YPOBHEM 3HEPrHM CBfI3M MeXAy
royitocamu. Pr3MUYeCcKrii CMBIC/ pa3HOM MOJIIPHOCTH TOJ/IFOCOB B TOM, YTO TIOTOK 3HEPTUH U er0 U3MeHeHHe MOT/IH
IIPOUCXOAUTL TOJIBKO B OAHOM HampaB/IeHHH, OT OJHOrO0 I0Jtoca K IpyroMy 4epe3 ocb cuMMeTpud. IlosTomy
YpoBeHb 3Hepruu CBOOOAHBIX VIHTepBasOB MPOCTPAaHCTBA He MOTI HM3MEHHTHCSl CaMoCTosITesbHO. HekoTopble
CBOMCTBa VIHTepBasa MpOCTPAHCTBA CTAaHOBATCS Oosiee TMOHATHBIMH M HArJIAHBIMM, €C/IM OCh CHMMETPHU C
HEKOTOpOH [lo/feli OrpaHUMuYeHHOCTH IIpeJCTaBUTb B BHU/e BEKTOpa, Y KOTOPOro JJMHA OIpejesseT YPOBeHb
sHeprun. HanpasiieHne nepepacripe/ie/ieHys I0TOKA SHEPIMH COBIAZaeT C YC/IOBHBIM HarlpaB/leHHeM BeKTopa.

WHuTepBanbl MpOCTpPaHCTBA MOTJM  Pa3/dyaTbCsd TOMBKO YDPOBHEM SHEPrMM U OTHOCUTeJbHOM
HarpaBleHHOCTBI0 oceld cumMmerpur. HysneBoe W 0ecKoHeuHOe >SHepreTUYeCKHe COCTOSIHUSI CUMTAROTCS
3anpeijeHHbIMU.

IMousiTe «AMMHBD» A1 VHTepBasoB NMPOCTPAHCTBA HENPUEMJIEMO M ero CjeJyeT 3aMeHWUThb MOHITHEM
YpoBeHb »3Hepruu. «/lnMHa» B OTHOLIEHWH K CBOOOAHBIM LIHTepBajsaM TPOCTPAaHCTBA BelIWYMHA
HecyulecTBytoad. IloHsiTwe A/MHBI, BMecTe C HUM HW3MeHeHWe [/MHBI, BO3HUKHET TOJIbKO TOTZa, KOrZa
VHTepBasibl MPOCTPAaHCTBA 00pa3yIOT B3aMMOCBSI3aHHYIO CTPYKTYPY U B 3TOW CTPYKTYPe CTaHOBUTCSI BO3MOYKHBIM
nporiecc obMeHa sHepruei.

OOpa3oBaHHE MHHUMOI'O H IeHCTBUTEIbHOTr 0 [IpocTpaHcTBa
[TepBoHayanbHO rUNoTeTHUECKU Mup VIHTepBanioB MPOCTPAHCTBA 3TO CI'YCTOK YacCTHLl, B KOTOPOM He
CyILIeCTBOBA/IM TPaHUL{bl, HAMPaBJIeH!s, pa3Mepbl. MHbopMariys, Kak Mepa pasnnuus, Oblia MUHUMaTbHOH,
OrpaHUUMBasICh ()aKTOM CAMOCTOSITE/IBHOr0 CyLieCTBOBaHHUsI VIHTepBa/0B NPOCTPAHCTBA, OTHOCHUTE/IHBHOH
HanpaB/IeHHOCTHIO 0Ceil CHMMETPHH H Y POBHEM YHEPIUH KaK0r0 U3 HUX.

CocrosiHMe, B KOTOPOM HaxoAuMch VIHTepBaibl IPOCTPAHCTBA Jj0 00pa3oBaHUs Y3/10B, Heolpe/e/eHHO.
Hexoropoii aHanorueii (mo KpavHel Mepe, MO [BYM IlapaMeTpaM) SIB/sSIeTCsl BHYTPHSZIeDHOe TMPOCTPaHCTBO.
[JeiicTBUTeNbHO, BIOJIHE BO3MOXKHO IIPEJTION0XUTb, UTO VIHTepBanbl MPOCTPAaHCTBA, B YCJIOBUSX MaslbIX
paccTosiHui  (MakcuManbHOW SHepruud VHTepBasa) W OOMBLIOW TVIOTHOCTM BHYTPU siipa, T€PexofsT B
IIPOCTPaHCTBEHHO-OIIpe/ie/ieHHyl0 a3y (M3BeCTHO, UYTO B3auUMOZeHCTBUe BHYTPU siipa SIB/sE€TCS He
IIPOCTPaHCTBEHHO-HEOIpe/je/IeHHbIM, a MPSIMbIM, SHEPIHsi CBS3U SIBJISIETCS MaKCHMasIbHO OO0JIbILION U He 3aBUCHUT OT
PaCCTOSTHUSL MKy HYK/IOHaMK)

B kakoii-To MOMEHT BpeMeHU, WCII0/b3ys [IBa CBOUX TI0JItOCa, Toj AeiicTBueM Hekux Cun MHTepBasibl
MPOCTPAHCTBA CBSI3a/IMCh CBOWMH TIO/IFOCAMU, 00pa3oBaB Y3/bl M CHCTEMY CBSI3aHHBIX MEXJy C000i Y3JI0B.
Kaxpapiii Y3eqm B cucremMe oOKasajics CBA3aHHBIM C JPyruM Y3joMm, momoca VHTepBajia TpOCTpaHCTBA
OKa3a/MCh BKJIIOUEHHBIMM B COCTaB TOTO WIM WHOTO Y3na. Byayun mnosioxutenbHOM, 3Heprusi VIHTepBaioB
MPOCTPAHCTBA HampaB/ieHa Ha COMMMmKeHre Y37I0B.

O/IHOBpEMEHHO CHCTeMa CBA3AHHBIX MEX/y c000i Y3/10B co3fana ciokHoe IIpocTpaHCTBO C MHUMOM
U JlefiCTBUTE/IbHOM yacThio. MHHMYIO YacTh oOpa3oBaiu VIHTepBasibl MPOCTPAHCTBA 3a TpejesiaMd Y3/a. Y37,
Oyayud JIOKambHBIMM 00pa30BaHUSIMU, U (PAKTOM CBOEro CyIIIeCTBOBAHUS OTPHULAIOLIMMH TIPOCTPAHCTBEHHYIO
Heornpe/|e/IeHHOCTb M HeHaOJTi0ZlaeMOCTh MHAMOT'O TIPOCTPAHCTBA, 00pa30oBaM [iedCTBUTEbHOe TPOCTPAHCTBO.
¥3npl. MHUMOCTbL O3HayaeT, 4To VHTepBa/ibl MPOCTPAaHCTBA HAXOZATCS B TakoM (pa30BOM COCTOSIHMM, TIpU
KOTOPOM BCE BO3MO>KHOe (Da30Boe MPOCTPAHCTBO, KpOMeE Y3710B, OJHOBPEMEHHO TIPUHAJJIeXUT BceM MHTepBanam
nipoctpaHcTBa. ITof (ha30BBIM MPOCTPAHCTBOM MTOHUMAETCS BCEBO3MOKHBIN HAOOp 3HaueHW ypOBHe#H YHEPruu U
OTHOCHTe/IbHOM HalpaB/leHHOCTH 0cell CHMMeTPHH.



Yacth sHepruu VIHTEepBaJiOB TPOCTPAHCTBA OKa3anach 3ab/IOKMPOBAHHOM B KauecTBe SHEPTHU CBSI3U
¥3noB. TakuM 00Opa3oM, Hauajics TPOLIECC, KOTOPBIH YCIOBHO MOXXHO Ha3BaTh «OCThIBaHWEeM». [la/ibHelliee
Oosbllle TIOXO)Kee Ha TIPOLeCC KPHCTA/UTM3AaMM CO CHIDKEHWEM TeMIlepaTypbl, TO eCcTb Ha «Bosibiioe
MoX0/I0JJaHue», a BOBCce He Ha «bBosibIIOW B3pBIB», pa3MeTaBlluii Mateputo 1o BcenenHoil. CTopoHHUM
HabsroiaTennb BAPYr OOHApYKw1 Obl, UTO B HEKOTOPOM 0OBeMe, 3arlloJIHEHHOM aMop(HOW Maccoi, cranu
TIOSIBJISITECSL  TIPOCTPAaHCTBEHHO-/IOKA/TM30BaHHbIe 00pa3oBaHus. WX 4YMCIO CTpeMHUTeNBHO BBIpOC/io. U uepes
KOPOTKOe BpeMsi BeCb 00BbeM 3alloIHWJICS TPOCTPAHCTBEHHO-I0KA/TM30BaHHBIMU 00pa30BaHUSIMU C «ITyCTOTOW»
MeX/ly HUMHU.

CBOIICTBO WHTEpBa/JOB IIPOCTPAHCTBA K OTAE/JBHOMY, CaMOCTOATe/TbHOMY CYILIeCTBOBAaHHUIO Je/ano
HEBO3MO)KHBIM C/IMSIHME [BYX YacTUL] B OJHY, TO eCTb IlepexoJ, B COCTOsIHWe, Hepas3IuuuMoe [ Kaxou
YacTULpl. DTO CBOMCTBO TpOsiBIWIO cebs B mporjecce oOpa3oBaHusl Y3/0B, Kak mpuHnun Ilaymm, coriacHo
KOTOPOMY He pa3pemiajoch ABYM O/[MHAKOBO HallpaB/IeHHbIM HHTepBaj/iaM NPOCTPAHCTBA CBA3BIBATHL /JBa
0/JHHAKOBBIX Y3J/1a, WM, TO K€ CaMoe, He/lb3s IByM HMHTepBa/laM HaxOAUTbCA B OfHOM (a30BOM COCTOSIHUH. B
pe3ysbTaTe B 00pa30BaHUM BCeX Y3/10B MPUHSA/IO yyacTHe OJMHAKOBOe KO/IMYeCTBO VIHTepBasoB MPOCTPAHCTBA.
OT0, HarpuMep, B MOJHON Mepe 00BSCHsET (aKT OTCYTCTBHA APOOHOr0 3apsi/ja, BelMuKHa 3apsi/ia onpeZeneHa
yricsioM VIHTepBanoB B Y3/e, paBHOe BO Bcex Y3/ax. Tem jke 00CTOSTeNECTBOM MOYKHO OOBSCHUTH OJJMIHAKOBOE
[J1s1 BCeX YaCTUL] orpaHuueHre MaKCUMalbHOW OTHOCHTeNbHOM ckopocTy C, 0[MHAKOBOe 3HaueHue ITOCTOSHHOW
IMnanka h pAns Bcex uvacTWl, U HEKOTOpble ApyruMe KOHCTaHThl. B mpupoje uMcao map Y370B paBHO UUCTY
NHuTtepBanoB npocTpaHCTBa.

Takum 00pa3oM, B TIPHPO/ie MOSIBUIMCH [IBa TUTIA Y3/I0B, PUUYEM, B PaBHBIX KondyecTBax. Kaxabii Y3en
oKasasicsi 006pa3oBaH OJHOMMEHHBIMH TIO/IOCAMH CBO€M Tpynrbl MHTepBasoB MpocTpaHCTBa (T10JI0KHUTeTbHBIMU
WA OTpULIaTe/bHBIMM). VIHTepBasbl MPOCTPaHCTBA 3a MpejeraMu Y3/a SIB/SIOTCS ero HeoTzensieMOd MHUMOM
YacThbl0, ero Npo/0/DKeHNeM B MHHMMOM TIpocTpaHcTBe. CBsi3aHHbIe B Y371e, C yUeTOM 3HaKa, OHU IMpeJCTaB/IsioT
co00l TO/IOKUTeNbHBI WM OTpuLiaTesbHb 3apsj Y3na (vHaue Ilone, snektpuyeckoe Ilose). Byayuu
MOPOX/eHWeM MHHMOTO TPOCTPAHCTBA, 3apsiibl MOTJIM IePeKphiBaTh APYT Apyra, MCK/IYas caMH Y3Jbl. U3
peasibHBbIX YaCTHL] TaKOW 3apsj, MMeeT, HallpuMep, J/1eKTPOH, 3apsi/, KOTOPOro He IIpephIBaeTcs], He paBeH HYJII0 B
o060l Touke MPOCTPaHCTBA U HeHab/ojaeM.

Mpunuun [laynu 3ampeljaeT AByM MHTepBasaM MpPOCTPaHCTBA HaXOAWUTLCS B OJWHAKOBOM (Pa3oBOM
COCTOsAHMH, TIPHU 3TOM IMPOTHUBOITIO/IOKHO HAITpABJ/IEHHBLIE I/IHTepBa]IbI moJ, 3TOT IIPUHLUIT HE T10TIaJdroT. HOBTOMy
CWia TIPUTSDKEHUST MeXKTy pa3HOMMEHHBIMH TMOJFocaMy VIHTepBasia TIPOCTPAaHCTBAa CUCTEMHO TMpOsiBMIa Cebsi Kak
Cula TIDUTSDKEHUS] MeXXIy pa3sHOMMEeHHbIMHU (pa3HOMO/SIPHBIMK) Y37aMd. A Ha/lO)KeHHBIM Ha 3TO siBJeHUe
nipuHLM [laysu co3man crmbl OTTaKUBAaHUS MEXAY OJHOUMEHHBIMHU (OHOTIONSPHBIMK) ¥Y3/amMu. B pe3sysbraTe
BO3HUKI/IU BHGKTPI/IHECKI/IE CU/Ibl TIPDUTSKEHUA W OTTa/IKMBAHMS, BO3HHMKI/IM T10JIOXKUTE/IbHBIE W OTPULIATE/IbHbIE
3apsiabl. He cmoTpst Ha To, uto Jirobasi Touka (pa30BOro MpoCTpaHCTBA MPUHAZJIeKana BCeM Y3/1aM, TeM He MeHee,
¥Y3en mosyuns coOCTBeHHOe, He3aBHCHMOE OT JAPYrux Y3/oB, CyiiecTBoBaHue. B CBsS3M C 3TUM c/iefiyer
pasnuuaTh NPOCTPAHCTBEHHYI0 OIpeAe/JeHHOCTh CaMoro Y3/ja, U TPOCTPAaHCTBEHHYIO HeorlpejereHHOCThb
3apsapa.

B TlpoctpaHcTBe Mexy Y37aMd BO3HUKIM HEKOTOpbIe TPOCTPAaHCTBEHHO-BPEMEHHBbIE OTHOIIEeHUS
(paccTosiHusi, OTHOCHUTeNbHBIE CKOPOCTH, W psif Apyrux 3¢dekToB). B3anmopeiicTBHe C€Tajo0 HOCHUTH CTPOTO
oTipe/ieJieHHBIM TOPSZIOK, UTO, B KOHEUHOM WTOTe, B AajbHeimiemM co3fact 3¢¢heKT HeoOpaTUMOCTH BpEMeHH.
BHauane B3auMogelicTBUEe MPOUCXOAWT B MHUMOM TIpocTpaHCTBe Mexay I[lomsmu. Pe3ynbTaT oTpa3utcsi Ha
IIBIDKEHUH Y'3710B, HOBbIe COOTHOIIIEHUSI MEX/y ¥Y3/1aMU CO37Ia[yT HOBbIE YCIOBUS /IJIsl B3aUMO/IeMCTBUSI B MHUMOM
npoctpaHcTBe. U Tak Mo Kpyry. Takol MpOCTPaHCTBEHHO-HEOTPe/IEIeHHBIA TUIT OTHOIIIEHWH BIIOHE 00BSICHSET
BePOSTHOCTHBIN XapakTep QYHKLMI B3aUMOZENCTBYS B MUPe pPeaslbHbIX YaCTHL].



2. lelCTBUTEIbHBIE H MaTePHaIbHBIE 00beKThI.
[IeHMCTBUTE/ILHBLIA O0OBEKT.

IlosiBUBILINECS B pe3yJ/ibTaTe CBA3aHHOI'O COCTOAHUA Y3abl1 YCJIOBHO MOXXHO MPeACTABUTh KaK ABIPKH H/IA
NYYHOCTH, CyIIeCTByoIe B MHHMOM MpPOCTpaHCTBe. SIB/ISSICH JIOKaJbHBIMH 00pa30BaHUSMH, Y3/bl CaMUM
CBOUM CYIIleCTBOBaHNEM OTPHIIAIOT (hyH/IaMeHTa/lbHOe CBOMCTBO MPOCTPAHCTBEHHOU Heomnmpe/eIeHHOCTH, U Kak
HEeuTO, OTPHIIAIOIee 3TO CBOMCTBO, Y3/IbI CTAaHOBATCS [leMCTBUTE/IbHBIMH 00BeKTaMH. [leHCTBUTEIbHOEe
NMPOCTPAHCTBO H CYIIECTBYIOIIHE B HeM 00BeKThbI ecTb J(pdeKT, MOoSBUBIIMICS B pe3y/bTaTe CBA3AHHOIO
COCTOAHUA MHHUMBIX YdCTHI].

VHTepBasbl MPOCTPAaHCTBA TMEPBUYHBIL, [OPOXKAE€HHOe KMH MHHMOe MPOCTPAaHCTBO, KaK H
JlelicTBUTe/IbHOE, BTOPUYHbI M peajibHbl. MHUMasi U JAeHCTBUTe/IbHAasA 4yacTH obpasyrT KommiekcHoe
MPOCTPAHCTBO.

[IpUHLIMMHATBHO HOBbIN (peHOMeH, [leMCTBUTE/bHBIN O00BEKT, TOSBU/ICSI He Ha MyCTOM MeCTe, a B
pe3y/ibTaTe yCu/ieHHs CBoOiicTBa MIHTepBa/ioB MPOCTPAHCTBA K OTAE/IBHOMY CYIeCTBOBAaHHIO, BHI3BAHHOI'O
MX OPOMHOM I/IOTHOCTBIO B COCTaBe Y3na. B Yarne cBoiicTBa VIHTEpBasOB MMPOCTPAHCTBA AO/DKHBI CYIIECTBEHHO
OT/IMUATHCS OT CBOWCTB CBOOO/HBIX VIHTEPBAIOB HE TOJIBLKO IM0 MPUUKMHE OTPOMHOM TUIOTHOCTH, HO TaKXKe B CBSI3U
C TeM, uTO moJroca VIHTepBasIoB MPOCTPAHCTBA, CBS3aHHbIE B Y3/1ax, y)Ke He ObUIM CBOGOAHBI APYr OT Apyra.
Kak creficTBre, MOSIBUIOCH OTPAHMYEHHE OTHOCHTEIbHOM CKOPOCTH. PeISITUBUCTCKOTO MeXaHu3Ma elié He ObuIo,
M03TOMY BCE OTHOCHTE/IbHbIE CKOPOCTH ObLIM MakCHMajbHbIe, U OrPaHUUMBAUCh BEIUUMHOMN, PAaBHOW CKOPOCTH
cBeTa. 3aKOHbI (PU3UKK HE HAK/IA/IbIBAIOT OrPAHUYEHHI HA CKOPOCTH Tepe/iaud BO3MYILEHUsT «BHYTpU» VIHTepBaia
TIPOCTPAHCTBA, TI03TOMY, UTOOBI 0OBSICHUTL 3P(EKT OrpaHUUYeHUs] CKOPOCTH, BO3MYIL|EHHE [JO/DKHO MepejaBaThCsl
OBbICTpee «CKOPOCTH» CBETA.

Bce VY3l camuMm mporjeccoM 00pa3oBaHUsA CO3[aHbl JEMCTBUTEBHBIMH OOBEKTAaMU, HO elle He
BemjectBoM. CTPyKTypa JAeHCTBUTENILHOTO OOBLEKTa C/IMIIKOM TMpoCTa (HampuMmep, He UMeeT reOMeTPUUYEeCKUX
pa3MepoB), 4ToObI yUaCTBOBATh B CJAOXKHBIX TPOLieccaX aHaau3a U CMHTe3a. [IpocTpaHCTBO, TIOCTPOEHHOE TOJIBKO
U3 [IeMCTBUTEBHBIX OOBEKTOB, 3TO TMPOCTPAHCTBO 6e3 peyiiTHBHM3MAa B €ro MO/JHOM MOHWMaHWH, U He HUMeeT
IIIaHCOB HA JJTUTe/IbHOe CYIIeCTBOBaHWe U pa3BuTHe. UTOObI B3aMMO/IEMCTBUS MeXAY Y3/1aMU CTalld BO3MOKHBI B
MOJHOM 00beMe, AeHCTBUTENBHBIA 0OBEKT [I0/DKEH TI0/[BEPrHYThCA HeMMHEWHbIM Tpeo0pa3oBaHUsM, Tak
Ha3blBaeMOMY MpoLiecCy MaTepUaIu3alui SHepruu.

OpHUM U3 BO3MOKHBIX 00pa3oB ITpocTpaHcTBa ZAeHCTBUTE/NBHBIX Y3/10B, MOXET, ObITb MHOXECTBO 2-X
MepHbIX [TPOCTPAHCTB C B3aUMOJENHCTBUEM B 2-X MEPHOM IJIOCKOCTH.

IIceBO0000/109Ka U MAarHUTHOE I10JIE
CyIIHOCTh npeonosiazaemoz2o TIPOIiecca MaTepHaaM3alid B 0OIIeM Cjydae 3aK/IioyaeTcss B TOM, UTO
HEKO0TOpas yacThb VHTepBasa MpocTpaHcTBa (OT/AeNIbHOTO0, TPYIITEI MIM BCEX), HAXOZSAIIAsCS B IPOCTPAHCTBEHHO—
HeorpeZie/leHHOW (hase, TpPU YCKOPeHHHM Y3/la TepexofUT B IPOCTPAHCTBEHHO ompeje/ieHHY ¢azy,
OPTOTrOHA/IbHYI0 HAmNpaB/IEHUI0 TepeMeleHus (OCH CHMMETDHU), U COXPaHSeTCs B 3TOM COCTOSTHUH [0
CJle/lyIoI1ero B3auMo/leCcTBYs.

B cBsi3W C OT/IOKEHHBIM XapaKTepOM HCIIOh30BaHUsS (/[0 MOMEHTa TOC/IeIVIOIIero B3auMO/IeHCTBYS),
SHEprusl, 3akK/IOUeHHas B IIPOCTPAHCTBEHHO OIpe/le/IeHHOW uYacTh VHTepBasia TIIPOCTPAHCTBA, SIB/SETCS
MOTeHIUA/ILHOMA.

W3 HaOmojeHWil Cj1eAyeT, uTO TIPOLIECC MaTepHalv3allud 3aTparvBaeT, TpeXxae Bcero, Ilose.
I[TposiBisieTcst 3TO B (POPMUPOBAaHUM OKOJIO Y3/1a CBOeoOpa3HO 00/1acTH, OrpeZie/IeHHOM B KJIaCCMUYeCKoW (r3mke
Kak 00/1acTh Hanbo/iee BEpPOSITHOTO CYIeCTBOBAHUA U B3aUMO/eHCcTBHUsA (TIOHATHE NpuMeHsieTcst K PoToHaMm).
[TpyueM, yeM GosibIe BHYTpPEeHHsisl SHeprusi Y3ja, TeM MeHbIIe 3Ta o6sacTb. IIpumepom ciyxut PoToH, y
KOTOPOI'0 C pOCTOM 3HEepruy yMeHbIaeTcs AJIMHA BOJHbBL. To ecTb Mpollecc MaTepuaav3allid HauWHaeTcsl C
YMeHbIIIeHUs] TIPOCTPAaHCTBEHHOHN HeoTpe/ie/IeHHOCTH (YBe/TMUeHHsI MPOCTPAaHCTBEHHOM OIpe/ie/IeHHOCTH) 00/1acTH
OKOJI0 ¥Y3/1a, Ha3BaHHOM B rHIIoTe3e 11ceBgoO60/10UKOM.



Be3yc/ioBHO, 3TO, MOOOUHBIHA, WHTErpPaTUBHBLIM 3Gh(hEKT, BBI3BAHHBIM TeM, UTO Kax/blii KHTepBan
NIPOCTPAHCTBA, 3aTPOHYTHIM IepeMellleHHMeM Y371a, MOJBEpPrcsi Npoleccy MaTephanusaluu. B pesynbrare
MaTepranM3alii HeKoTopasl 4acTh Kakoro ViHTepBana TpaHc(hOpMHUPOBaach B MCEBAO JIOKalbHOe 00pa3oBaHue,
BEKTOP, PACIoJI0KeHHBIN OPTOrOHA/MBHO OCH CUMMETPHH U CIIOCOOHBIN 0c00BIM 00pa3oM OKa3bIBaTh BIMSTHHUE Ha
3apsigpl. TepMHH TIICeB/l0 O3HauaeT, 4TO JIOKajbHOe 00pa3oBaHWe He OTPHIAeT IPOCTPAHCTBEHHYIO
Heorpe/ie/IEHHOCTh, U B TIPUHLIUIIE, OCTaBasiCh IPHUHA//IE)KHOCTEI0 KOHKPETHOro MIHTepBasia, MOXKeT CyIIleCTBOBaTh
B /110001 TOUKe MHMMOI'0 TPOCTPAHCTBA. B TO ke BpeMs JIOKa/JIbHOCTb U Ha/lure PasHOMOJISIPHBIX M10IFOCOB He
MO3BOJISIIOT 3/IEMEHTapHBIM BEKTOpaM pacIio/iaratbCsl XaOTHMYHO, He3aBUCUMO JpYr OT Jpyra. EJuUHCTBEHHO
BO3MOJKHBIM CTIOCOOOM HCK/THOUMTH KOHQUIMKTHI SIB/ISIETCS CCTEMHOE PacIiojio’KeHHe 37ieMeHTapHbIX BEKTOPOB B
BHJie OKPY)KHOCTeH B IUIOCKOCTH, OPTOTOHa/JbHOW HarpaB/eHHIO IepeMelrieHHs. Takum 00pa3oM, OKOJIO
JBWKyILerocsi Y3na obpasyercss ITome ¢ ocoObIMM CBOWCTBaMM, Ha3BaHHOE MArHUTHBIM. Ka7bplii 371eMeHT
MarautHoro Ilonst siBnsieTcs: TpaHcdopMaleld YacTu oTAenbHoro VHTepBasia mpoctpaHcTBa. CKOBKO U Kakue
VHTepBasbl MPOCTPAaHCTBA 3aTPOHET TepeMellieHre Y3/a, CTOJIbKO 3/IeMeHTapHBIX BEKTOPOB MarHUTHOTrO Iloss
Oyzer obpa3oBaHO B MHHMMOM IIPOCTPAHCTBE OKOJIO Y37a. Bekropbl mMarHutHoro [loss cyiiecTBylOT (Kak M
snekTpudeckoe Ilosie) Bo BceM MHHMMOM IIPOCTPaHCTBe, HO B3aUMO/eHCTBHe OyZeT NMPOUCXOAUTh C Haubosbliei
BEPOSTHOCTBIO B 0obOsacti miceBpoOO6omoukn. IIpu stom, uem Ombke K Y37y, TeM «IJIOTHOCTb» VIHTepBa/ioB
npocTpaHcTBa Oosblile, CrefoBaTesbHO, CUIbHEe M0/DKHO ObiTh M MarHUTHOe Ilose. OueBHIHO, C POCTOM
CKOPOCTH JBW)KEHUsI Y3/1a SHeprusi MarHUTHOTO T1o/is Takoke YBeTWUnTCS.

B Hauase ctaTby ObUIO 1OKa3aHO, Ha MpeZe/IbHO MasbIX PAaCCTOSTHUSAX (COOTBETCTBYIOLMX MAaKCHMasIbHON
3Hepruu cBsi3v) VIHTepBasibl MPOCTPAHCTBA MOTYT CyLeCTBOBATh B MPOCTPAHCTBEHHO-oOTIpefeeHHON ¢opme. Ha
CyIIeCTBOBaHMe 3TOr0 ¢deKTa yKa3bIBalOT U 0COOEHHOCTH BHYTPHSEPHBIX CHJT (CHJIBI TIPUTSDKEHUS] He 3aBUCSAT
OT PAaCCTOSHUS MeX/y HyK/JIOHaMH, B3aUMO/[eiCTBHe MpsiMoe). Bo3HUKaeT BIOIHE JIOTUYHOE TIPeATIOIOKeHUe, UTO
B OmbKHel 30He, Ha KPUTHUECKM MasbIX DPaCCTOSHUAX OT Y3/a, TUIOTHOCTH 3/IEKTPUUECKOW W MarHUTHOW
COCTaBJISIFOIIel JOCTUTHET Takoro Ipefie/ia, 38 KOTOPbIM MaTepHanr3aliysi [O/DKHA [IPUBECTH MCeBJO JIOKalbHble
oOpa3soBaHus (B JAaHHOM CjIyyae 37ieMeHTapHble BeKTOpbl MarHUTHOro IToss), K JlokanbHO# (opMe, ¢ BbIpasKeHHON
IIPOCTPAHCTBEHHOM OIIpe/ie/IeHHOCThI0. B pe3ysibTaTe Marepuanvsaliiy LieHTpasibHasl yacTh Y371a mpuoOperaer
reoMeTpuyecKue pasMepbl, HaxoZsluecs B NPSIMOM 3aBUCHMOCTH OT CKOPOCTU (TOUHO Takue ke CBOWCTBA B
MUpe peanbHBIX yacTul uMeer CeueHwe B3auMopeWcTBHs1). HarpaivBaeTcss BbIBOJ, [aB/ieHMe CBeTa Ha
BeILeCTBO BIIOJIHE BO3MOXKHO, HO BOIIPOC O HalpaB/ieHW! [JaBlAeHUs OCTAETCSl OTKPBITHIM.

[Tpy MaTepuanu3ali BO3HUK/IM [JBa MPOTHBOIIOIOXKHBIX Tiporjecca. C OHOM CTOPOHBI MaTepuain3aLys
MpyBesia K TOsiBIeHWI0 11ceB0000/0YKA. DTOT TPOL[ECC THUTAaHTCKWK 10 MaciuTtabam: GeckoHeuHass 00J1acTh
CYILIeCTBOBaHMSI Y B3aUMOJEHCTBUS BJAPYT CKajaach BO BIOJIHE M3MepsieMyto 00/1acThb, mpuyeM, 3Ta 006s1acTb TeM
MeHblIle, yeM Oosble CKOpOCTh Y31a. C [pyroil CTOpoHbI B ()a30BOM IPOCTPAHCTBE Y3/1a TOSBUIOCH TaKoe
obpa3oBaHue, Kak CeueHue B3aUMO/EHCTBHsI, MU3epHOe 110 Maciitabam, HO C MPSIMOM 3aBUCHMOCTBIO OT CKOPOCTH.

TpebyeTcss OOBSACHUTh, OTKYJa Y3ed «3HaeT», UTO WMEHHO OH [IBI)KETCA, a He ero mapTHep Ha
TIPOTUBOIIOJIO)KHOM KOHIle obmieli ocu? OtBeT TmpocToili. BekTopHbIH XapakTep KHTepBasa IpOCTpaHCTBA
O/IHO3HAUHO OrpefiesisieT HarpaB/ieHue H3MeHeHUss SHepruu (YCJIOBHO 10 BeKTopy). M3MmeHeHWe 3Hepruu
rnoposkaaer MarHuTHoe [losle. B TIPOTMBOIOJ/IOKHOM HarpaBieHHWH (TIPOTUB BeKTOpa) W3MeHeHue SHepruu
HEBO3MOJKHO, C/Ie[loBaTesbHO, «C3a[» ABVKYIerocsi Y3na marHutHoe Ilose He obpasyercsi. DieMeHTapHBINA
BEKTOp MOKeT ObITh 0Opa3oBaH B 000l yC/10BHOW Touke VHTepBaia mpocTpaHcTBa. Ho cucTemMHoO, yuuTHIBas
VHTEerpypyHolliie CBOWCTBA Y3/1la ¥ B3aMMOBJ/IMSIHME [IDYTUX 3jeMeHTapHbIXx BekrTopoB MarHutHoro [loss, c
HauObOoJIbIIIeH BePOSITHOCTLIO MarHUTHOe TTosie obpa3syeTcs B mipefienax [IBMXKyIIerocs Ysia.

HEKOTopre C/IOKHOCTH BO3HHUKAIOT C OOBLICHEHNeM HaripaBJ/IeHUs CHUJIOBBIX JvHUHA MarHutHoro Ilosis.
Bo3moxxHO, 5T0 onpeneneHo0 CIIMHOM.

CnuHOBasi Macca
B o0ijem cMmbicie, /i000e yCKOpeHHOe JBWKeHHe (/TMHEeWHOe Wi B (opMe MOMEHTa KOIMYecTBa
IBIDKEHUsT) TIpHJaeT OOBEKTY B pa3HOW CTeNMeHW BbIPAKEHHYI0 IMPOCTPAHCTBEHHYH) OMpPeAe/IeHHOCTh.



du3nueck MOMEHT KojaudecTBa JBikeHHs B ¢opme CrimHa obecrieurBaeT yacTHLje HadyalbHYIO TOCTOSHHYIO
(HeyCTpaHMUMY0) MUHHUMAJIbHYIO MPOCTPAHCTBEHHYIO OIpe/[e/IeHHOCTh, U, TaKMM 00pa30oM, BeleCTBEHHOCTh B
JeiCTBUTE/ILHOM TIPOCTpaHCTBe. MexaHu3M, o0ecreunBaromuii ctabwibHOe cymjectBoBaHue CIMHA U ero
HafpaB/jieHle, He BbIACHeH. TeM He MeHee, B TIpUpOJe HeT yacTul], He uMmerolux CrnvHa. Biarogapsa sTomy U
@DOTOH, He TIPOCTO JeUCTBUTE/bHBINA 00BEKT, HO, OJJHOBDEMEHHO, U BeI[eCTBeHHbIH 00bEKT, Kak U JDJIEKTPOH, U,
TeM CaMbIM, IOAy4yaeT BO3MOXKHOCTb B3auMofeiicTBoBaTb C HuUM. OtcyrcrBue y dotoHa Macchl 1Mokosi He
sIBJISIETCSL CyILlleCTBEHHBIM, aHaj0roM Macchl okost POTOHy CIy)KUT SHepreTUYecKdil KOMIIOHEHT (Ims) MOMeHTa
MMIy/bca, cnvHoBasi Macca. [IpyruM 4acTuliaM BelljeCTBEHHOCTb TpHaeT, IIOMUMO CITMHOBOW Macchl, elié u
obonoueunass Macca. BeposiTHo, mipaBoe BparrjeHHe CrivHa TMOMyYM/Ioch ciydaiiHo. Ecim Betpeuamick CrivH €
NpaBbIM U JIEBBIM BpallleHWeM, TO OHM pa3pyllajd JApYr Apyra IO COCTOSIHUS JIeHCTBUTENLHOTO OOBeKTa, HO
HEKOTOPbIM HeW3BeCTHBIM MeXaHW3M BHOBb C037iaBajl CIIMH C NMPOM3BOJIBHBIM MOMEHTOM. B KOHeuHOM wuTore
TripoLiecc pa3pylieHus U co3fanus CrivHa npuBen K eJUHOMY BapyuaHTy BO BCEM MUPOBOM MPOCTPAaHCTBe.

Marepuanuzaiusi B ¢opme CrmHa orpaHudeHHasi. OueBUJHO, MaKCHMajbHO MaTepUATU3YIOTCS
NHTepBanbl MpoOCTpaHCTBa OPTOrOHA/NbHbIE OCA CHMMETDUM, UeM [ajblle OT OPTOTrOHaJbHOCTH, TEM MeHee
BbIp&)K€Ha MaTepuaau3alus, BIUVIOTh O Hy/s BAOJb OCU BpalleHus. MartepuanusoBaHHas 5Heprys CrnivMHa Ha
JJAHHOM 9JTarle pa3BUTUsA MaTepud MaccoW B OOIIENpUHATOM CMbICJe He SB/seTcsa. IlpaBuibHee eé Ha3BaTh
CouHoBoii Maccoii. Kak cnegyer u3 eé criocoba oOpa3oBaHusi, CIMHOBass Macca He HECET SHEPruM B
Harpae/ieHUN JIBWKeHUs. TeopeTHueckH, Cusia NMPUTSDKEHUs, BeChbMa He3HAauuTe/IbHasl, o/DKHA ObITh HarpaB/ieHa
OpTOTrOHALHO HarpaB/eHHI0 ABMKeHus. [1o HampaB/eHU O ABMKeHHs (T POTUB) HarpaBjieHo MarHuTHoe [lose
CrnHa.

O6o0y10ueunast Macca

[Tporjecc MaTepuanu3alldil Y3/I0B TOMyUWJl CBOE JlajbHelilllee pas3BuUTHe B TMosiBneHUHd OO60/10uKM
(BeposITHO, B CHCTeMe HeJWHEeWHBIX YPaBHEHWM MO HAWAyTCs PpelleHus, OOBSCHSIOIMe 3TOT (eHOMeH).
CyliHoOCTh TakOM MaTepuanu3alyu B TOM, UTO Bce VIHTepBasibl MPOCTPAaHCTBA, MO BCEM BO3MO)KHBIM OCAM
CHMMETPHUH Tiepellyld B TPOCTPAaHCTBEHHO-OMpesenéHHy0 ¢a3y. OTO NPUHLMIMAILHO HOBLIM MOMEHT B
obpa3oBaHMM CBOWCTB MaTepuu. M3 da3bl 3apsiza Moyt BeCh Y3esl Mepellés B MPOCTPaHCTBEHHO-OMpe/ie/IeHHYI0
tasy O6osouku. [Tpuuem, Kak cienyer U3 HabmogeHui, sHeprus O60/10UKH, 110 KAaKOM-TO HeU3BeCTHON NpUUMHE
3aKpenujiach Ha KOHKPeTHOM YpoBHe (Macca nokosi D71eKTpoHOB 1 [103UTPOHOB MIpakTUUYeCcKu paBHEI). To ecTb,
sHeprusi O60/10UKM DJIEKTPOHA COZIEP>KUT B cebe MUHMMAJLHBIN CTaOW/IbHBIA SHEPreTUYeCKUid KOMITOHEHT (M),
Maccy mnokos. O60/I0uKM He BCeX UacTHL] MMEIOT OJWHAKOBYIO C OJIEKTPOHOM IIOTeHLMAIbHYI0 SHEpruio.
Haripumep, cyijecTBytoT pa3Heie HeliTpHMHO C pa3HOM HEpruiei, To ecTb ¢ pa3Hoi obomoueuHoi Maccoi.

I/IMl'ly.leC n3 O60/I0UKK HaripaBJ/IeH BHYTPb qaCTI/II_lbI, U CKOPOCTBH BOBﬂEﬁCTBHH, TMOCKOJIbKY IIponecc
O6pa30BaHI/IH 0060/104K1 MMpoOrCX04n/1 B MHMMOM IIPOCTPAHCTBE, HE ME€HBbIIIEe CKOPOCTH CBETad C. CJIE,ELOBEITEH])HO,
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umny/sc pased M, C. CootetcTBenHO, popMyna BHyTpeHHe# sHeprun O60/10ukM nonyuut Bug: E=m,C".

B Hauasne crateu ObI7I0 yKaszaHo, uTo MHTepBasbl IPOCTPAHCTBA HEYHHUTO)KaeMble YacTHIBI. 113 uero
c/leflyeT, 4TO HyJ/leBOoe 3HAaueHHe »SHeprud, Takke Kak U OeckoHeuHoe, 3ampelijeHO. [I03TOMy JIOTMYHO
NIPe/T0/IOKUTb, UTO C POCTOM MaTepuanv3aliiM pacTéT MPOTUBOJENCTBYIOLIas el cusa, MPONOpPLMOHA/IbHAs
YPOBHIO MaTrepranu3alui. To ecTb, B 0CTAaTOYHOM 3/IeKTPUUECKOW CHUle MPUTSDKEHUs] MeXJy Y3/laMy UMeeTcs
COCTaBJISIIOIIAs, TIPOTIOPLIMOHA/IBHAS MTOTeHI[HaIbHON SHeprur O00I0UKy.

U3 onbiToB u3BecTHO, uTo O60JI0UKA 3apsijOBO-HeWTpabHas, To ecTb B (aze OOooukM 3apsy Y3na
vcue3aeT. OTUM OTIWYAeTCsl MaTepyanm3auus 3apsiza ¢ obpa3oBaHueM MarHuTHoro Ilons, OT MaTepuanv3anyu
3apsiza c obpasoBanreM OB0OIOUKH.

OcraBmiasacs 3a O6osoukol HekoTopast [1ofisg 3apsfa B MPOCTPAHCTBEHHO-HEeoMpezieieHHol (hase To-
NIpE’)KHEMY TIPOsiB/isieT cebsi Kak OTHOCHUTENBHO ciabasi 3J/IeKTPpUYecKas CWia TPUTSDKEeHMs, CO3[aBaeMblid ero
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rpaBUTALIMOHHBIN TTOTEHLIKA/I OIMChIBAETCA CbOpMy'JIOI/I O= T



ITpu obpazoBannu OO60MOYEK TPHUpOJA T03a00TH/IACh O TOM, UTOOBI OH MPOXOAW 0e3 HapyIIeHUs
YeTHOCTH cHcTeMbl. [103TOMy Bcerjja 0e3 HMCK/IIOYeHHME, TpaHC(HOPMAaLMS TOJIOKUTENLHOTO 3apsfa Y3na B
3apsjoBo-HelTpambHylo 060/10uky (O600UKY YaCTHIbI) COMPOBOXKIAETCS TPaHCGhOPMAIHeH OTpPHUIATeTbHOrO
3apsija Apyroro Y3na B O6onouky (O6o0uky aHTryactunbl). [TogqobHoe npeanonoxeHue UMeeT MOATBEPKAeHTe
B MUpE€ peasibHbIX YaCTHL], U TaM 3TO siBjieHue psioBoe. HabmozaeTcst oHO, HarpuMep, B 00pa3oBaHuM DJIEKTPOH —
[MTo3uTpoHHOM Napel B ToToKe ®OTOHOB. VIMEIOTCS U IpyTHe peasbHble peakiiii, KOTOPble MOYKHO OOBSICHUTh 3TUM
niporieccoM. OOpaTHBIN TPoOLIecc, HarlPUMep, AHHUTHIALUS DJieKTpoHa U [To3utpoHa B @OTOHBI, TaK)Ke TIPOXOZUT C
co0utro/ieHreM 3TOro ycioBus. KpoMe Toro, mporiecc aHHUTHIAIMN C IBYMs peabHbIMU YaCTUI[AMU, O[HO3HAYHO
YKa3bIBaeT, UTO U B 00pa30BaHWU JeKTPOH - [TO3UTPOHHOHN Taphl TaK)Ke yUaCTBYIOT UAaCTHIIBl, HO BOBCE He
BakyyM. IlepBbIMHM peasbHBIMM YaCTHLIaMH, OOpa30BaHHBIMUA TakuM 00pa3oM, siBiseTcs mnapa HeHTpuHO u
anTuHelTpuHoO.

Ha stane oOpa3oBanus CrnuHa u O00/10uKM Marepuanu3alys jenaeT ITpoCTPaHCTBO 3-X MEPHBIM
EBKMM/IOBBIM, HO 0e3 rpaBUTAlid U peaATHBHU3MA. [Ipy B3aUMOIEHCTBUM OJWHOYHBLIX Y3710B, UMEOIUX
OO00/I0UKH, «UIITHAS» SHEPTHUS TEPeXOAuT B 3Hepruto csa3u Ob6onouku. ITosToMy cyiiectBoBaHue HeHTpuHO C
pa3Hoii SHepruei BrojiHe 06BSICHUMO.

W3 o0mmux nMpu3HaHHBIX TPUHLMIIOB aKaJeMHUUeCKOM HayKH C/ie[[yeT, UTO SHeprus repexoAuT B Maccy u
Haobopor. Ho, kak credyem u3 eunomesbl, 5Heprus sBisieTcss arpubyTom VIHTepBasa INpPOCTpPaHCTBA, W He
cyiiectByeT BHe VHTepBana. Takum 06pa3oM, Te3uC 0 MaTepvann3alii SHepruy Hesb3si IOHUMaTh OyKBa/bHO.

3. KoMIjieKCHBIE 4aCTHIILI

Oopa3oBauue Macchl IOKOSI
JneKTpUUeCcKUe CUJIbI IPUTSKEHUST MeXKAY Y3/1aMu Co3/ami KOMIUIEKCHBIN, ABysepHbIA ¥Y3emn. Kaxabrit
,quH,Z[epHLIfI Y3en okazasncs cBsI3aHHBIM C ADYI'YM TdKUM XKe Y3nom ABYMA KOJUIMHEAPDHBIMU, IMMTPOTHUBOITOJ/IOKHO
HallpaB/IEHHBIMH I/IHTepBaHaMI/I MpOCTPAHCTBA. C 3TOro MOMeHTa B TIPOCTPAHCTBE IMOABUJINCHh PEIATUBHUCTCKHE
3¢ deKThl, B TOM UKC/Ie U TaKOW, KaK BpeMsi. DBK/IM0BO IPOCTPAHCTBO IIPeBpPaTH/IOCh B JIopeHLeBo.

[1Ba pa3HOMMEHHBIX ¥3/1a B Pa3HbIX ()a3ax B CBSI3aHHOM COCTOSIHUM 00pa3yloT Bce Oe3 UCK/TFOUeHust
s1eMeHTapHbIe yactuilbl (HeliTpuHo, DnekTpoH, [TosutpoH, ®@otoH). HelitpuHo (anTuHeWTpUHO) 00pa3syer
OJVHOYHBIN Y3en B (haze O60s10ukn. D71eKTPoH 00pa3yroT Ba ¥Y3/1a, U3 KOTOPBIX OJHH B (haze OTpUIIaTeTbHOTO
3apsza, Apyroii B haze O6omouku. To ke 1 B oTHOIIEeHUH [103UTpOHA, HO 3apsifi IOIOXKUTETbHBINA. POTOH
COCTaB/ISIOT /iBa ¥Y371a B (ase 3apsiza. OnrHOUHBIe Y3761 B (ha3e 3apsija MOTYT CyIleCTBOBaTh UCKTFIOUUTETHHO
KOPOTKOE BpeMsi, T03TOMY Hen3BeCTHBI. YacTHIIbl, Y KOTOPBIX 00a ¥Y3ma B haze O6omouku, npunmumnom [aynu
3anpelrieHbl. Pa3pymts cBsi3aHHOoe cocTosiHre O60/10uKY 1 3apsijia BO3MOKHO, HO MPH CTOJIKHOBEHHAX,
HE3aBUCHMO OT OTHOCUTE/TbHON CKOPOCTH, 3TO He MPOMCXOAMT. Jlake MPU CKOPOCTSAX O/IM3KUX K CKOPOCTH CBETa
PackoioTb J1eKTpoH Ha HeliTpuHO 1 cBOOOAHLIN 3apsis, HEBO3MOXKHO (B TO )Ke BpeMsi, peakiiysi TpaHcopMauu
OnexTpoHa B POTOH 0OBIUHOE SIB/IEHHE).

Puc. 1

Ha pucyHke 1 B LleHTpe noKa3aHa 4acTuLia «B», cBSi3aHHas C TIOMOLLBIO ABYX VIHTepBasoB POCTpPaHCTBa
(IByX KOJUTHHEApHBIX BEKTOPOB) C APYTUMH yacTULiaMu «A» U «C». HacTuiibl «A» U «B», SB/ISIOTCA DIEKTPOHOM,



yacturia «C» TTo3uTpoH. ITepekpécTHbIe CBS3W He TOKa3aHbl. Kakzas JOBysA[epHas yacTHI[A COCTOMT U3 JIBYX
OJJHOSIZIEPHBbIX UaCTHLI, OIHA U3 KOTOPLIX B (hase 3apsiza, Apyras B ¢asze O6osouke. O60M0UKa KaXK/J0W YaCTHLIbI
0003HaueHa TOJICTOM JIMHUEH COOTBETCTBYIOIIEro I[BeTa, 3aps/, 0003HaueH MATHOM Apyroro Iperta. Yactuia «F»
seyisiercsi @oToHOM. OcraBuiasics 3a OO00I0UKOM MPOCTpaHCTBEHHO-HeoTpeesieHHasi ¢a3a, WMeroLasi MaJlbIi
0CTaTOYHBIH YPOBEHb, MPe/ICTaB/IeHa B BU/ie BeKTOpa U 0003HaueHa TOHKOU JTMHUEH.

V3 OmbITOB W3BECTHO, UTO YaCTHLLI TPaHC(HOPMUPYIOTCS B YCJIOBUSX CTPOTOTO COOMIO/eHUs 3aKOoHa
YeTHOCTH, Kak, HamlpyuMep, B peakiuu oOpa3oBaHusi OyieKTpoH — I[lo3uTpoHHOM mapel. [lo3TOMy eciu ofuH
KOJUTMHeapHbIM MHTepBas CBSA3bIBAET /jBa PAa3HOIO/SAPHBIX (PasHOMMEHHBIX) 3apsifia, TO Apyroi - e O60/10UKH,
eC/IM  KOJUIMHeapHbIi MHTepBan cBsi3blBaeT 3apsj M O60/0uky, TO [pyrod HerpeMeHHO CBSI3bIBAeT
NpOTHBOMIOJIOXKHBIe 3apsis 1 Obosnouky (y PoroHa ABa 3apsja).

COB,Z[E[HI/Ie ABYANEPHBIX Y3J/IOB TIPpUBEJ/IO K IMOABJ/I€EHWIO HOBBIX Bq)(I)EKTOB. HYCTB ABd KOJIJIMHEapHBIX
HWHTEPBa/la COeAUHAIOT YdCTULY «A» C qacmuef/i «B», u IMyCTb YaCTULIBI «A» 1 «B» HaX0JATCA B OTHOCHUTE/IbHOM
1oKoe, To ecTb O00/I0UKa He COJIEP)KUT JJOTIO/THUTE/ILHOM MOTEHI[HA/IbHOM SHEPIMU, BbI3BAaHHON OTHOCHUTE/IbHBIM
repeMelieHreM. PaccTosiHMe MeXX/ly YaCTULIaMU OIpeJie/IeHO SHepruel OT/enbHOro VIHTepBasa MpOCTPaHCTBA 3a
nipefenamu O60IOUKK (YacTHIBl KaXKYTCS TeM Ovke, yeM OOJbllle CHla TIPUTSDKeHMs). Kak ciieflyeT U3 TeKcTa
BbIllle, 3Ta JXeé Be/JINWYMHA B MOMEHT 06pa30BaHI/Iﬂ Mmojiydnsja TIOMPABKY Ha MPONOPIIMOHA/IBHOCTD
NoTeHIMabHOM 3Hepruy  OO6osoukn. Ilo3TOMYy CKa/iipHOe TNpOW3BeJeHHe BEeKTOPOB, TIpeJCTaB/IeHHBIX
KOJ/I/IMHeAPDHBIMU TIPOTHUBOIIOJ/IO’KHO HaIllpaB/IEHHBIMU I/IHTepBaﬂaMI/I MPOCTPaHCTBa 34 IIpeae/idMu OGO]IO‘—IKI/I,
TIpe/ICTaB/IsIeT COO0M CU/y rpaBUTALMM MEXAY YacTHUIlaMu. MUHUMAabHasA MOTeHIManbHast 3Heprust O00/I0uKU B
OTHOCHUTETLHOM TIOKOe siByisieTcsi Maccoi mokos, my (TIpy OTHOCHTE/ILHOM JIBM)KeHHWH Macca BO3pacTaerT).

YuuTbIBas 06paTHym 3dBUCHMOCTDb CUJIBbI IIPUTSOKEHHNS OT PaCCTOAHUSA (CHeAyET nu3 Ol'IbITa) CbOpMy]'[y CHJIBI

m,_m, mm, .
rpaBUTALiMM MOXKHO 3arucaTh: F=— X —=———r/le r — KO/IMHeapHbIi HHTePBaJL.
r r r

OOpa3oBaHHeE PEIATHBHCTCKONH MaCChI
U3 criocoba obpa3zoBanust 060104k 1 MarHUTHOTO 10J1sT 3apsifia C/ief[yeT, UYTO COCTOSTHHE KOJ/TMHeapHbIX
WHTepBanoB mpocTpaHCTBa, BAWsET HAa SHEPTeTHMKY KaK TOro, TakK W APYroro. A MMeHHO, yBeJuueHHe 3Hepruu
VHTepBa/sa TPOCTPAHCTBA COTMPOBOXKAAeTCsl 3(dekToM yBennueHus pazoBoro mpoctpaHcTBa OOOIOUKK WK
ycuneHreM MarauTtHoro nonist 3apsizia. BepHo v obpartHoe, To ecTb coctosiHie OG0M0UKN UM U3MeHeHHe SHeprun
MarHuTHOro Ilosisi Brusier Ha VIHTepBasbl MPOCTPaHCTBA. OTH TIPOLIECCHl BO3HMKAIOT IPH pasHbIX Criocobax
B3aUMO/IEMCTBUS YaCTHUI] MEXY COO0H (3/1eKTPUUECKUM, MAarHUTHBIN, MEXaHUUECKUH).

IMpouecc B3aMMOAeHCTBUSI BCerja HauWHAeTCsl C CO3ZJaHUsl BPEMEHHO CYILECTBYHOLeH KOJIeKTUBHOU
O60/10uku (0603HaYeHa MYHKTUPHOM AuHKMel). TIycTh, Kak IMOKa3aHO Ha pUCyHKe 1, wacTuija «B» ABIKETCS B
CTOpOHY yYacTulpl «A». Ilepesadya sHepruu Bo3Mo)kHa uepe3 3apsig und O6osouky. B mepBom ciydae Oyper
obpa3oBaHa KosuteKTHBHasi rceBj00060/10uka, BO BTOPOM ciayudae Oyzer obpa3oBaHa KosuleKThBHasi OOosiouka.
JTroboi#i crocob mepefaud OCYLIECTBMM, €C/IM, TI0 KpaliHell Mepe, OZlHA YacTHWL]a WMeeT TPOCTPAHCTBEHHO-
orpezienneHHyt0 O6osouky. KomektuBHas OO0o/0uka 3aMKHET TyTH Tiepepacripefie/ieHus OHEpruu uepe3
VHTepBasbl MPOCTPAHCTBA OCH CUMMETPHH, CBS3bIBAOLel 00e yacTUIbl, (B CBOOOAHON YacTUIle 3TH MyTH BCerja
Pa30OMKHYThbIe).

WHTepBan mpocCTpaHCTBa TpeCTaB/leH KaK BEKTOp, MO3TOMY IO 3aKOHY CJI0)KEHHsI BEKTOPOB
yepe3 KO/UIEKTHBHYIO OOOJIOUKY BHYTpPeHHssi SHEPrMs 4YacTUlpl «B»  TIepepacrlpefiesuTcsa B
COOTBETCTBYIOILLIEM TIPOTMOPLIMM  MeXAY OCAMM CUMMETPUM BCeX WHTEpPBaJOB IPOCTPAHCTBA,
CBSI3BIBAIOIMX UYACTULY «A» U «B» CO BCEMH uacTUI[AMM BCET0 MUPOBOrO IPOCTPAHCTBA. B TOM umcre,
repeiieT B 4acTUily«A» MO IyTH, HalpaBjeHWe KOTOPOTrO COBMAJAeT C HAMPaB/I€HUEM BEKTOPA, TeM CaMbIM
YBE/IMUMB €& BHYTPEHHIOK 3HEpruio. MeX[y YpPOBHSMH SHEPrud KOJIMHeapHbIX VIHTepBa/ioB TMPOCTPAHCTBA,
CBSI3bIBAIOLIMX YaCTHLY «A» U «B» CO BCeMHU uaCTHL[aMK BCETO MUPOBOTO MPOCTPAHCTBA, BOSHUKHET HEPABEHCTBO,



JOPYTYMH CIOBaMH JUCHponopuusi. Pe3ysibraT OyZeT TOT ke, eC/Ii B/UsSHYE Ha 4acTULly «A» OyZieT okasaHO uepe3
3aps/ BHEIIIHUM 3JIeKTPUUECKUM WM MarHUTHBIM [losem.

B rumnorese cienaHo mpejnosioxeHue, uyTo KosuimHeapHble MHTepBasbl [IPOCTPAHCTBA, HaXOSALMECs B
MPOCTPAHCTBeHHO-Heompe/e/JIeHHoi (a3e 3a mipeseamd OOOTOUKM B MHHUMOM IIPOCTPAHCTBE, CTPEMSITCS
YCTPaHUTh AUCHPOMOPLHI0. YCTPAHEeHHEe JHUCIPONIOPLMH NPOSABJISIET cedsi B Tepepacripe/ie/ieHId SHepruu
Mexay OO6omoukol ¥ MarHUTHbIM [losieM. YcTpaHeHWe [JUCIPOIOPLIAM  COTIPOBOXK/AETCS  YCKOpPeHHeM
(TopmorxeHreM) yacTunbl. OOHaPY)XUTh TIPOLIECC YCKOPeHUsl (TOPMOXKeHHsT) TIPU yjape BU3yabHO HEBO3MOXKHO,
TaK Kak U3MeHseTCsl BHyTpeHHee COCTOsiHMe VIHTepBa/loB IIPOCTPaHCTBa, CJ/lel0BaTeNbHO, CO CKOPOCTSIMU BbIIlIe
ckopocTu cBeta. OOGHapyKUM TOJILKO pe3ysbTaT [BIWKEHUs YacTul] B [efCTBUTEIbHOM IPOCTpPaHCTBe (B BUje
HOBbIX BEKTODOB DaBHOMEDHOW CKOpPOCTM WM TMOKOsl). BMmecTe c ucuesHOBeHMeM [MCIIPOIIOPLMM 3SHEprus
KOJ/UIeKTHBHOM OOO0/I0UKM Takke repectaHeT rpeobrafaTh Haf, BHYTPeHHEH SHeprueil 4yacTWl, W HCYe3HeT.
KoHeuHbIM pe3y/nbTaTOM yCTpaHeHUs! JUCTIPOTIOPLUH SIB/SIIOTCSI HOBBIE CKODOCTH, HarlpaB/ieHus], HOBBIN YPOBEHb
MOTeHIanbHON SHepriud OO000uKM ¥ MarHUTHOTO Ilosii C COOTBETCTBYIOIIMM CeueHHeM B3auMOJeHCTBUS
(reomeTpuueckue pasmepbl O60/10ukH). [ToTeHIMANBHYIO YHEPTUIO, TIOPOXKAEHHYIO JUCTIPOTIOPLMeH, yao0Hee a/ist
KOHKDETHOCTH Ha3BaTh PEJIATUBUCTCKOW JHepryeit.

YucieHHOe 3HaueHHe MOTeHIMaIbHOM PeATUBUCTCKOW DHEePriuM Ha OZHOM U3 0celi CUMMEeTpPUU He OyaeT
MMEeTb HUKAKOT'O OTHOIIIEHUS K 3HAaUeHUSIM Ha HarpaB/eHUsIX, ONpe/iesiieMbIX IPYTUMH OCIMA CUMMETPHH, TO €CThb
PeNISITUBACTCKAst JHEPTHsl BCerja OTHOCUTe/IbHA (B OT/IMUMe OT BHYTPeHHEeH DHepruu).

B coBpemeHHO#l (u3MKe TIPUHATO BMECTO PpeATUBUCTCKOW Maccel HCI0/Ib30BaTh  TIOHATHE
penmatuBrucTcKoW OHeprun. C (GHU3MUeCKON TOUKM 3peHus 3TO obocHoBaHo. OHAKO Tam, TJe HCIOJb3YeTCs
WMITYJIbC, TPUXOJUTCS 0003HaUaTh U 00BSCHSATH TaKylO ero KOMIIOHEHTY, Kak m (Macca). ITo criocoby obpa3oBaHust
my (Macca ToKost) U mg (PeIATUBUCTCKAsi Macca) sIB/SIFOTCS C/ieCTBUeM (pe3y/IbTaToM) MaTepyanu3alyy SHepruu
NuTepBanos rpocrpaHcTBa. [103TOMY HET cMbIC/a UCTIOMb30BaTh OJIHY Mo U He UCI0/Ib30BaTh APYryto mg. Janee B
TEKCTe TIpM HeoOXOAUMOCTH OYZyT WCMOMb30BaHbl W TIOHSATHE PEATUBUCTCKOM Macchl W PesSTUBUCTCKOR
OHEepruu.

BeiBog (popMYyIIbI 4-X MEPHOT' O HMITYJIBCA

PeJISTUBMCTCKUN MeXaHH3M 3aK/IF0UaeTCsl B YCTPaHEHHH AWCTIPOTIOPLIMK MeX Iy sHeprueii O60/I0uKu
Y SHeprueit MarHUTHOro I10/1s1 YaCTUIIBI B YCTOBUSIX 3aKOHA COXPAaHEHHsI UMITY/IbCa.

VHTepBaibl MPOCTPAHCTBA B MPOLIECCAX B3aUMOJEHCTBHSI W3HAUA/ILHO MPEe/ICTaB/IeHbI KAK BEKTOPBI.

JIIMHBI BEKTOPOB HAXOAATCS U3 yC/I0BUA A°+B*=C">

Ecm, B*=0To Bo3uukaet paseHCTBO(m C )'=(mV ).

3neck BemurHa MC eCcTb WUMITYJIbC, TeHepUpyeMblii Ko/leKTuBHOM O6010ukoii, C — BeKTop
CKOPOCTH M3MeHeHus SHeprur OGO0I0UKY B MHMMOM MPOCTPAHCTBe, MV — NpHOOPeTeHHbIH B pe3y/bTaTe
YCKOPEHMsI MMITY/IbC YaCTHIL[bl, M — PeIaTUBMCTCKas Macca,V— NnpruobpeTeHHbI BEKTOp CKOPOCTH (B
neticTBuTeIbHOM [IpOCTpaHCTBE), peaibHO, CKOPOCTh MepeMeljeH|s YaCTUL[bl. BeslnuruHa m 0fUHaKOBbIM
oOpa3oM BXOUT B 00e YaCTU PaBEeHCTBA.

Ecm o6osHaunts mC°=E, a mV=P, To Bce BbIpaKeHHe MOHO TIIPHUBECTH K BHJY
(E/ICP—P’=0,tae E —sueprus O6onouxu, a P — npuoGpeTeHHbIi UMITyJIbC.

OTO BBIpa)KEHHWE XOPOILIO M3BECTHO B K/IAaCCUYeCKOW (pu3vke, W TpejCTaB/sieT co00W 4-X MepHbIH
UMITY/IbC /I YacTHIl, He MMEOIMX MacChl MMOKosi, Haripumep, dotoHoB. Kak criegyeT u3 ¢dopmyiibl,
C=V ®O0TOHBI JBWXKYTCS CO CKOPOCTHIO C.

Ecmm ¥Y3en vimeetr Maccy MOKOsl, TO yUMTbhIBasi, UTo AerictBue Cwil, MOPOXKJeHHbIX Maccou Mokos,
TPOMCXOAUT B MHUMOI 0671aCTH, CleflyeT 3amucaTh BhIpaXeHUe A/ MMIy/bca, Kak M,C, a sHeprus,
COOTBETCTBEHHO, M, C, M- Macca MoKos.

Takum 06pa3som, B IelCTBHE BCTYIAeT elé oguH Bekrop M, C.



Kak scHO W3 mpefplyllero U3ioKeHWs, peaaTuBucTcKaa Macca m u Macca mokos ™M, Kak
pe3y/bTaT YCTPaHEHHsI JUCIIPOTIOPIUK, O/IM)KaHIINe «POJCTBEHHHUKH», C/IeIOBaTe/IbHO, U TI0 PeaKl[uu
Ha BO3/leliCTBUe BHellIHer CHJTbl He [JOJDKHBI OT/IMYaThCSl.

TTosToMy 0611jas hopMy/1a ummybca npuanmaet sug (m C)*=(mV *+(m,C)*

[To 1OroBOpEHHOCTH CKOPOCTh CBeTa C  Moxuo mucats 6e3 TUT/Ia.

[TpuBesieHHOE BBIIIIE BBIpA)KEHWE JIETKO Tipeobpa3yeTcss B W3BeCTHYIO (opmyny 4-X MepHOro
MMITy/IbCa B 4-X MepHoM npoctpaHctse (E/C )2 —1_32:m(2)C ?

Bemunny (E/ C )2 TPUHSATO Ha3blBaTh HYJEBOW KOMIOHEHTOW 4-X MEepHOro HWMITYJIbCa,
E=mC? - sHeprusi, mi C’ - BHyTPeHHUI UMITy/IbC YaCTHUIb! (KBa/[PaT UMITY/IbCa).

N3 Toii xe (opMyJbI C TIOMOILIbIO 3/1EMEHTAapHOIO pacyeTa JIerkO TMO/y4aeTcsl CBSI3b MEXIY

pensaTuBUCTCKOM Maccon ™ u Maccoy nokost My

Takum o0Opa3oMm, i BbIBOZIa (OpMYyJibIl 4-X MEpPHOro HMIY/IbCAa OKa3ajoCh [[OCTaTOUHBLIM
WCTIO/Tb30BaTh TOJBKO MCXOZHBbIE TOJIOXKEHUSI U TIPOCTOM pacueT M He MOTPebOBasioch HCIIO/b30BaTh,
HarpuMep, Takue MOHATHS, KaKk KOHTHHYyM TpOCTpaHCTBa-BpeMeHU, M30TpornHocTb, OJHOPOAHOCTh U
apyrue cBorictBa IlpoctpancTtBa. Ho 310 Bcero mmiub BUauMocTb. Ha camom pene OBHOPOAHOCTh
TIPOCTPaHCTBa, KOTOpasi, Kak MpH3HaHO B (hM3MKe, SIBJISIETCS YC/IOBUEM COXpaHeHUs UMITy/IbCa, HessBHbIM
00pa3oM CO/IEP)KUTCS B CBOMCTBAX THIIOTETHUYECKOT0 MHHUMOTO TIPOCTPaHCTBA. ['MIoTeTHUeCKoe MHUMOE
TIPOCTPAHCTBO, €C/Id He pacCMaTpyMBaThb HUUTOXKHYIO [IOJIF0 BKJIIOUEHWN B BHUJE [1eWCTBUTE/bHBIX
00BEKTOB, M3-3a OTCYTCTBUS B HEM JIOKAbHBIX 00pa30BaHUM SIBJISIETCS allPUOPH OJHOPOHBIM.

B knaccuyeckoi (u3MKe dalille BCEro BCTpeuaeTCsl YTBep)KAeHWe, YTO pessiTUBUCTCKas Macca
eCTh aKTHBHOe 3BeHO MexaHW3Ma, KOTODbIM OrpaHWYMBaeT OTHOCUTE/IbHYI0 CKOPOCTb, B KOHEUHOM
WTOTe He [aBas TPeBbICUTh HEKOe MaKCHMaslbHOe 3HaueHue. C TOUKM 3peHMsl TUIIOTe3bl 3TO He Tak,
pensSTUBUCTCKasi Macca M CKOpPOCTb B [IeICTBUTE/IbHOM TPOCTPAHCTBE SIBJISSIOTCSI OCTATOYHBIMH
SIBJICHUAMM [IeMCTBUSI 3aKOHA COXPAHEHWs MMITyJ/bCa. PesSTUBUCTCKUN MeXaHW3M €eCThb C/Ie[ICTBHE

BCeoOIIIero 3akOHa COXpaHeHWsI WMMITy/bCa B YCJIOBUSIX OTPAaHUYEHHOCTH MAaKCHMajbHOW CKODOCTH Tepe/auu
VMITYJTbCa.

IIpHMHIIUII OTHOCHUTEILHOCTH U PEIATUBUCTCKasA Macca

ITpyHLOMN OTHOCUTEIBHOCTH 3aK/II04YaeTCs B TOM, UTO MPOLIeCcC B JIeBOM YaCTH (MHTepBasbl MPOCTPaHCTBA
0003HaUeHbl CIIOMIHBIMU JIMHUSIMM) MOJKET pacCMaTpUBaTbCA HE3aBUCHMMO OT TIpoliecca B TPaBOM YacTH
(uHTEpBasbI POCTPAHCTBA 0003HAUEHBI MyHKTUPHOW JMHUeH). To ecTb He UMeeT 3HaueHWs], YTO TIPOUCXOAUT C
HMHTEpPBA/IOM TPOCTPAHCTBA, 0003HAUEHHOT'O TOJICTHIM MYHKTHUPOM, €C/TM pacCMAaTPUBAeTCs U3MEHEHHe WHTepBaja
MPOCTPAHCTBA, 0003HAYEHHOTO TOJICTOM CIUIONIHOM JIMHUEW. YC/IOBHO TOBOpsi, He WMeeT 3HAaueHWs, YTO
TIPOMCXO/IUT «C3aiv» YacTulpl «Bx», ecmu paccmatpuBaTh e€ B3auMojelcTBHe € yacTvlelt «Ax». [locneaytorive
paccyxeHus OylyT UMeTh OTHOIIIEHHE K JIEBOM YaCTH, U CTPOrO BJO/b UMIybca P (ocu cummeTpun).

Ha pucyHke 2 B 1jeHTpe ITOKa3aHa 4acTULja CB3aHHAs OCSIMH CUMMETPUM CO BCEMU OCTa/IbHBIMU YaCTULIAMMU.
Bce mpocTpaHCTBO pa3/ie/ieHo MIOCKOCThIO Z, OPTOTOHANMBHOM ucTy Oymard Ha 2 yactd (I u II), mpoxopsinei
yepe3 YacCTUIy U OPTOTOHATLHON UMITY/IbCy P, IefcTBYyOIero B TIOCKOCTA OyMaru Ha 4acTury «A». Bo3HHKIH
JaBa niogMHo>kecTBa 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]
[IOZMHO>KeCTBa I, Mo/IyuuT 10JI0KUTe/IbHOe MprpallleHre. Bo3HUKHeT AUCIIPONOpLUY C 0AUHAKOBBLIM 3HAKOM JI/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.

PensituBuCTCKasi 3Heprusi PoroHa
B o0Opa3oBaHuM peISITUBMCTCKOM OHEPruM  3aJIeMCTBOBAHBI TOJLKO IO/IOBHMHA VIHTepBa/ioB
MpOCTPaHCTBa, C/Ie10BATE/IbHO, PEIATUBHUCTCKAA 3Hepr1/151 6y,£[eT B [IBa pa3d MeHbIE, 4eM B C/Iy4dae C O60HOQKOﬁ,

B 06pa3oBaHMM KOpOH 3ajielicTBOBaHBI BCe VIHTepBabl MpocTpaHcTBa (1o3toMy E=m(C?). COOTBETCTBEHHO,
pensiTUBACTCKass Macca m jo/pkHa UMeTh Ko3(hGULMEHT MTPOTNOPLHOHaNIBHOCTH 1/2.

IMo aTo¥i ke mpuurHe KO3(HULMEeHT MPONOPLMOHANBEHOCTA B (hopMyie TUPOMArHATHOIO OTHOLLIEHUS
OpOUTA/ILHBIX MOMEHTOB Oyzer paseH 1/2. B To ke Bpems TMPOMarHUTHOE OTHOIIIEHHE CHHUHOBBIX
MOMEHTOB HMeeT K03((UIMeHT TPONopLMOHaIBLHOCTH B ZiBa pa3a 00/l TO eCTh paBeH 1.

m -
®opmya umnysca Oyzet uMeth Bug: P= o V.T'zme V, cKopocCTh B [eiCTBUTE/ILHOM TIPOCTPAHCTBE.

mV?
.

®oTOH 00OBIUHAS MaTepurd/ibHad 4YdCTHlla, OT APYTrHX YadCTHL] eé OT/IMYaeT MaKCMMaJ/IbHO BO3MOXKHasi

OHeprusi, COOTBeTCTBeHHO: E =

OTHOCHTEJ/IbHadA CKOPOCTb AJid I,1:[(EI\/’ICTBI/IT(EJ'ILHOFO TMPOCTPAHCTBA, [MO3TOMY €ro SHePrvsa C yueToOM CKOPOCTHU OOJ/DKHA

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

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

G2 hv

m —
TIpupaBHUBas 06a BEIpaKeHHs, MONyunM: ———=hv , oTcroja M=2 3
C

To ecTb PE€/IATHUBUCTCKAA Macca PoroHa B ABa pd3a GOJ'II:IJ.IE, yeM CUYHUTA/I0Ch.



IMoHsiTHe «pensSTUBUCTCKass Macca» DOTOHA COZIEPKUTCA HEKOPPEKTHOCTh. DOTOH TPE/ICTaB/seT COO0H
JBa 3apsia CBs3aHHBIX BMecTe. Y PorToHa HeT Macchl mokosi, HeT O6o/ouku. Takas CTPyKTypa HCK/IHOUYaeT
PeSITUBUCTCKUN MexaHu3M. Tem He MeHee, DOTOH 001a/iaeT CIIOCOOHOCTBIO XPAaHUThL W TIEPEHOCUTb JHEPTUI0 B
noTeHLManbHON hopMe. OTBeT Ha 3TOT BOMPOC JIeKUT Ha TIOBEPXHOCTH.

bnarogapsi OTCYTCTBUIO peNsITUBUCTCKOrO MexaHusMa ®OTOH Bcerga [JBWKETCS C MaKCHMabHOM
CKOpOCTBI0. BOKPYT ABYX JBMKYLLMXCS POTUBOTIOIOXKHBIX 110 3HAKY 3apsi/joB, 00pa3yroTCs iBa MarHUTHBIX T10JIS,
KOTOpBbIe B3aMMHO HeUTPau3yIoT APYT Apyra BO BCEM MPOCTPAHCTBE, KpOMe IUVIOCKOCTH, pPa3iestolleil 3apsiisl 1
BKJIFOYAlOIIleli Harpap/ieHue [BIDKeHUs. JTa IVIOCKOCTh aHasormuHa IlnockocTy mosisipusaliuy B KJIacCUUecKon
¢usMKe. DneMeHTapHble MarHUTHbIe BeKTOPbI 000X Ilosiell B 9TOI MJIOCKOCTH HarlpaB/eHbl OJUHAKOBO W MOTYT
OpraHM30BaThCsl eAWHCTBEHHBIM 00pa3oM B BHJe CYMMapHOTO BeKTOpa, HarpaB/IeHHOTO OPTOTOHA/IBHO OCH
repeMellleHus], HO He B BH/le KOHLIEHTPUUECKUX CH/IOBBIX JIMHUM.

DJIEKTPOH, IIPU TOPMOJKEHWH, HAallpUMep, B aHTeHHE, IepeldéT CBOK SHEPTUI0 MOJ/I0KUTEeTbHOMY 3apAay
®otoHa. Orpuijatenbhblii 3apsig, DoToHa sSHeprur0 He TmonydaeT. Ho Osarofapsi mpoljeccy yCTpaHeHUs
JYCIIPOTIOPLIMKA COOTBETCTBYIOLIAsI YaCTh SHEPryuy mneperjieT B OTpuLiaTe/bHbIN 3apsi. B maockoctu nossipusanuu
BO3HMKHET CYMMapHBIM BEKTOD MarHUTHOTO [losis, TIPOCTpAaHCTBEHHOe HampaB/ieHHe KOTOPOr0 B IIJIOCKOCTH
nojisipu3aniuy  (YCJIOBHO BBepX WM BHM3) OyZeT OZHO3HAUHO OIpeesaThCsAd HampaB/IeHHeM TOPMOXKEHUS
DJIeKTPOHA U COXPaHUTCS NpU ABKeHMM PoToHa B mpocTpaHcTBe. [1pu nmocieaytoliieli BcTpeue ¢ TakuM POTOHOM
JNeKTPOH B aHTeHHe MOAYYUT UMITY/IbC COOTBETCTBYIOLIEro HarpaseHus. JlelicTBre BeKTopa MarHUTHOTO [losnis
aHaJIOTUYHO BEKTOPY 3J/IeKTPUUECKOW COCTaB/siiollleld B Kjaccuueckoit ¢usuke. Ho peanbHO, ympaBisieT
[BIKeHVEM DJIEKTPOHOB B aHTEHHE He 3/IeKTpPUYecKasi, a MarHuTHasi COCTaB/ISII0LAs.

Takum o6pa3oM, BeKTOp MarHUTHOTO ITosiss @oTOHa C OOJIBIION HATSHKKOM MOXKHO Ha3BaTh Maccoil, TeM
Oosee peITUBUCTCKOM. AOCOJIOTHO HMKAKOW PEeISTUBUCTCKOM COCTaB/sOLIeH (3aBUCHMOCTH OT CKOpPOCTH) B
00pa3oBaHWY TIOTEHI[MATBHOM 3Heprur MarHuTHOro [Tons HeT. Ec/iv Ucronb30BaTh MOHSATHE Macchl B OTHOIIIEHUH
®otoHa (o mpumepy uactur, ¢ O60/0UKOl), TO €€ cjefyeT Ha3BaTh, HANpPUMED, 3apAJAOBOM (Ha3BaHHe
«MaTrHUTHAs» - CJIAIITKOM OPUTMHAILHOE).

KBaHTOBasi HEJIOKQJIBHOCTH

B coBpeMeHHBIX [JUCKYCCHSIX O TIDUHIUIIE B3aWMOJIEMCTBUS MEXIYy UacTULIaMH, CBOMCTBa
Tipe/ijlaraeMoii Mojle/Ii SIBHO COOTBETCTBYHT TOM uyacTH HepaBeHCTB bessia, B KOTOpoli peann3oBaH
TIPUHIUIT KBAaHTOBOM HesioKasbHOCTU [1] (uHGbopMaiss o JioKa/iu3alMi YacTULIbI TIPOXOJUT CO
CKOPOCTBIO BBIllIe CKOPOCTH CBeTa, M KakK CJIeZICTBHe, CBOWMCTBA YaCTUL] He OTpejie/ieHbl 0 MOMeHTa
B3aUMO/IeNCTBUsA). JTO CefyeT W3 TOr0, uTo Osiarofiapsi TMUIOTeTUUeCKOMY MeXaHH3My 00pa30oBaHUS
YacTUL] Y HUX CYIIeCTByeT AeWCTBUTeNbHass W MHHMMas 4acTH. B3anMopelicTBHe MeXy uacTHULaMU
MPOMCXOAUT B MHHUMOW YaCTM KOMIUIEKCHOTO TIPOCTPAHCTBA, C/e/0BaTeNIbHO, CO CKOPOCTHIO,
TIpeBbILLIalOIIel CKOPOCTh CBEeTa, U TOJILKO 3aTeM OTPa’kaeTcsi B [IeMCTBUTELHOM TPOCTPAHCTBE B BHUjlE
HOBOT'O B3aMMOPACIIO/IOXKeHUsT YacTui[2]. MHHMbIe YacTH BCeX YaCTHI] PacIpOCTPAHSIOTCS Ha BCE
MHHMOe TTPOCTPAHCTBO, BCe UACTHILIbI BCET/]a Hepa3phIBHO CBsI3aHbl MEX/y COOOM.

CoBpeMeHHbIMU HCC/Ie/JOBAHUSIMU OOHapy>keH psifi 3PQeKToB, KOTOPble MO>KHO OOBSICHUTH
TOJILKO B3aUMOZeMCTBYEM B MHHMMOM IIPOCTPAHCTBe, HArlpUuMep, CiiyTaHHOe cocTosiHue yactull [4]. C
K/IaCCHYeCKUX TIO3ULIMK 3TO KakeTcss He OOBSICHUMBIM. HO TUMOTeTHYeCcKH siBeHHe [O/DKHO OBbITh
PSZIOBBIM.

B camoii mocTaHOBKe BOIpPOCa O CYHIeCTBOBAHMHM CBOWMCTB y YacCTHI| /{0 B3aMMOJAEHCTBUA,
COZIEP>KUTCST 10/ MeXaHWIM3Ma, TI0 KpaiiHeli Mepe, B (opMe HesiBHO TPHUCYTCTBYIOLIEro Te3uca O
HE3aBHCHUMOM CYIIIeCTBOBAHUM YacTul]. V3 TUMOTETUYECKOW CTPYKTYPbl 3/IeMEHTApHBIX YAaCTHII,
C/Ie[lyeT, UTO B KaXK/IOM UaCTHIle MPUCYTCTBYET [0Jisl APYTOM YaCTHUIbl, U O He3aBUCHMOM CYIIIeCTBOBaHUH
He MoKeT ObITb peun. CriefioBaTe/bHO, HEpaBeHCTBO besia, IPUMEHUTENBHO K THUIIOTE3€, COJEPKUT



PACIIMPEeHHbIN CMBIC/: KOHKPETHbIE CBOMCTBA YaCTHUI] BOZHHUKAIOT TOIHKO B CHCTe€Me YaCTHI] U TOJBKO B
YCJIOBUSIX M1 B MOMEHT KOHKpeTHOro B3aumopetictBus. IIpu 3Tom xapaktep B3auMopelcTBUs SIB/ISETCS
OTIpeIeJISIOIINM, W OTepaTopbl B3aUMOZEWCTBUS aKTUBU3UPYIOT Te TlapaMeTphl CUCTEMbI, KOTOpbIe
TI0/iBEPyKeHbI JIOKAJTBbHBIM HM3MeHeHUsIM (KOJTMUeCTBO [BVD)KEHHsI B pa3HbIX ¢opmax, (a3a COCTOSHUS,
COCTaB yvacCTULbl). JTU TapaMeTpbl CHUCTeMbl BBICTYIAIOT KaK CBOMCTBa 4YacTull. B3aumopelicTBue
TIPOMCXOJUT TaKuM 00pa30oM, UTO JIOKaJbHbIe W3MEeHeHHs] He OTPaKaloTCs Ha CyMMapHBIX TOKa3aTessix
YCJIOBHO 3aMKHYTOW CHCTeMbI (CyMMapHasi SHeprsi, 001y 3apsi/ v T.J.).
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