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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] TIPUBOZMUT K TMOSIB/IEHHIO MaTepHa/IbHBIX YaCTHII,
CO3/IaHHOT'0 YaCTUIIAMH C/I0XKHOI'O TIPOCTPAHCTBA M BCEBO3MOKHBIX (JOpM B3auMoeicTBus. [1pu 3TOM
0Ka3a/10Ch BO3MOXKHBIM 00BeIUHUTD 3/IEKTPUUECKHe, MaTHUTHBIE M CHJIbI TPaBUTALIMK. 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.

Kntouegble cn08a: Macca, 3apsiji, MarHUTHOE TI0JIe, CeUeHHe B3aUMOZeHCTBYS, MaTepHaIu3alLius,
CIHH, TIO/ISIPU3aLIys.

1. IlpegBapuTe/ibHbIE TIOSICHEHUS
OcCHOBHBIE CBOMCTBA UHTEPBA/IOB MPOCTPAaHCTBA
CoznacHo 2unomese, 3/eMeHTapHbIE YaCTUIIBI, B TOM ukcie U POTOHBI, He SIBJISIOTCSA 3JIEMEHTAapHBIMU
YaCTullaMu B IIpAMOM CMbIC/Ie, a ABJ/IAKOTCA BTOPUYHBIMH O6pa3OBaHI/IFIMI/I, CO31aHHBIMKX B CHUCTeMe 4YaCTHull,
Ha3bIBd€MbIMH I/IHTEpBaJIaMI/I MPOCTPaHCTBA, U CBA3dHbI MEXY coboii I/IHTepBaJ'IaMI/I MPpOCTPAHCTBA.

B 2unomese cdenano npeono/odiceHue, uto VIHTepBa/ibl MPOCTPAHCTBA TPE/CTABISIOT COOOM TPOCTYIO
YacTULly, He CTPYKTYPUDOBAHHYIO, He COJEpP>KAllyl0 JIOKQJIM30BaHHBIX BO BpeMEHH M NPOCTPAHCTBe
oOpa3oBaHuii, 00/1a7al0T COOCTBEHHBIM, HE3aBUCUMBIM OT APYTHX CyIIeCTBOBAaHHEM, TO €CTb OHU HeJe/MMbl U
HeyHUYTOXUMbI. VIHTepBasibl IPOCTPaHCTBAa MHUMbIE YaCTUL{bl, TOHATHE Macchl [/ HUX He UCIIO/b3yeTCsl.

VHTepBanbl MpoCTpaHCTBa UMEIOT [jBa Pa3HOMMEHHBIX MMOJoca (YC/I0BHO Ha3BaHHBIX IOJIOKUTETBHBIM U
oTpULIaTeNbHbIM), CBsi3aHHbIe OCbIO CUMMETPUM C COOTBETCTBYIOLIUM YPOBHEM 3HEPrHM CBfI3M MeXAy
nositocamu. Pr3nUecKrii CMBIC/ pa3HOM TMOJIIPHOCTHU TOJ/IFOCOB B TOM, UTO TIOTOK 3HEPTUX U er0 U3MeHeHNe MOT/IH
MIPOUCXO/UTH TOJIBKO B OJJHOM HampaB/IeHHH, OT OJHOTO TI0J0Ca K APYromMy uepe3 ocb cuMMmerpuu. [Toatomy
YpoBeHb 3HeprumM cBOOOAHBIX VIHTEpPBa/JOB TMPOCTPAHCTBA HE MOT W3MEHHUTHCS CAMOCTOSITeNbHO. HeKkoTopble
CBO¥CcTBa VHTepBasa TPOCTPAHCTBA CTAHOBATCS 0OOJiee TOHSITHBIMHU W HATJISIHBIMH, €C/IM OChb CUMMETPHHU C
HEKOTOPOM [oJiell OrpaHWYeHHOCTU TIPeACTaBUTh B BHUJE BEKTOpa, Y KOTOPOTO [jIMHA OTpefieisieT yYPOBeHb
sHepruu. Hanpas/ieHre niepepacripe/ie/ieHys IOTOKa 3HEPrMU COBMAZaeT C YCJIOBHBIM HarlpaB/IeHUeM BeKTOpa.

VHTepBanbl MPOCTPAaHCTBA MOIVIM pas3lIWyaTbCsi TOMBKO YPOBHEM SHEPrMU W OTHOCHUTE/IbHOMN
HarpaB/IeHHOCTbI0 ocell cuMmMeTpud. HysleBoe M 0eCKOHeuHOe >SHepreTHUeCKHe COCTOSIHHSI CUHTAROTCS
3anpeijeHHbIMU.
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IMousiTe «AMMHBD» A VHTepBasoB NPOCTPAHCTBAa HENpPUEMJIEMO U €ero cjejyeT 3aMeHWUThb IOHITHEM
YpoBenb 3Hepruu. «J[lnivHa» B OTHOLIEHMHM K CBOOOAHBIM IIHTepBajaM TMPOCTPAaHCTBA BeIWYMHA
HecyujecTByrolas. IloHATHe [/MHBI, BMECTe C HUM H3MeHEHWe /[UIMHBbI, BO3HHUKHET TOJIBKO TOr[a, KOrja
WHTepBasbl nmpocTpaHcTBa 06pa3yroT B3aMMOCBSI3aHHYIO CTPYKTYPY Y B 3TOM CTPYKType CTAaHOBHUTCSI BO3MOKHBIM
nporjecc o6MeHa SHepruei.

OOpa3oBaHHEe MHUMOI'O M IeHCTBUTEeIbHOTr 0 IIpocTpancTBa
[TepBoHayanbHO rUnoTeTHUecKUt Mup MIHTepBanioB MpOCTPaHCTBA 3TO CIYCTOK YacCTULl, B KOTOPOM He
CYILIeCTBOBA/IM TPaHUL{bl, HAMPaBJIeH!sl, pa3Mepbl. H(bopMariys, Kak Mepa pas3nnuus, Oblia MUHUMaTbHOH,
OrpaHUUMBAasICh ()aKTOM CAMOCTOSITE/IFHOr0 CylieCTBOBaHHUsI VIHTepBa/0B NPOCTPAaHCTBA, OTHOCHUTE/IHbHOH
HaNpaB/IeHHOCTHIO 0Ceil CHMMETPHUH U Y POBHEM YHEPIUH KaXK/I0T0 U3 HUX.

CocrosiHYe, B KOTOPOM HaXOAWIMCh VIHTepBasibl IPOCTPAHCTBA /10 00pa3oBaHUsl Y3/10B, HEONpe/e/ieHHO.
HekoTtopoii aHanorueii (o kpaikiHeii Mepe, MO JBYM I1apaMeTpaM) SBJ/SIeTCS BHYTPHSZiepHOe TPOCTPaHCTBO.
[JeiicTBUTeNbHO, BIOJIHE BO3MOXKHO IIPEJTONO0XUTh, 4UTO VIHTepBanbl MpPOCTPaHCTBA, B YCJIOBUSAX MaslbIX
paccTosiHMM (MakcUManbHOW sSHepruM VHrepBasa) M OosbIIONM IJIOTHOCTU BHYTPU Si7ipa, IepexofsT B
IIPOCTPaHCTBEHHO-OIIpe/ie/ieHHyl0 a3y (M3BeCTHO, UTO B3auUMOJeHCTBUe BHYTPU siipa SIB/IsETCS He
IIPOCTPAHCTBEHHO-HEOTIpe/e/IeHHbIM, a MPSIMBIM, SHEPTHYsi CBS3H SIBJISIETCS MAaKCHMasIbHO OOJIBILION U He 3aBUCHUT OT
PacCTOsTHUSL MEXKy HYK/IOHaMK)

B kakoii-To MOMEHT BpeMeHH, WUCMO/b3ysl /iBa CBOMX IIO/IOCA, MO, JeiicTBueM Hekux Cun VHTepBasbl
IIPOCTPAHCTBA CBS3a/MCh CBOMMH I10JIFOCaMM, 00pa30oBaB Y3/Ibl U CHCTEMY CBSI3aHHBIX MEXJy C000H Y3/10B.
Kaxapii Y3eqm B cucreMe OKasaici CBA3aHHBIM C JPYyruM Y3/10M, rosoca VHTepBana IPOCTPaHCTBA
0Ka3a/IMCh BK/IIOYEHHBIMH B COCTaB TOrO WM WHOro ¥Ysna. Bbyayuu mosnoxuTenbHOH, sHeprust MHTepBaios
NPOCTPAHCTBA HarpaB/eHa Ha COMmKeHne Y3/10B.

OJHOBpeMeHHO CHCTeMa CBSI3aHHBIX MeXy co00i Y3/10B co3jasa caoxHoe IIpocTpaHCTBO ¢ MHUMOM
Y JIeMCTBUTE/ILHOM YacThto. MHHUMYIO YacTh oOpa3oBasu VIHTepBasibl MPOCTPAHCTBA 3a TIpejieslaMd Y37a. Y37,
Oyayud JIOKaTbHBIMM 00pa30BaHUSIMU, U (AKTOM CBOEro CyIIeCTBOBAHUS OTPHULAIOLIUMH TPOCTPAHCTBEHHYIO
HeorpeJie/IeHHOCTb M HeHa0JIt0laeMOCTh MHUMOTO IPOCTpaHCTBa, 00pa3oBany JefCTBUTE/bHOE TPOCTPAHCTBO.
¥3nbl. MHUMOCTE O3HadaeT, yto VIHTepBaibl MPOCTPAHCTBA HAXOZATCS B TakoM (ha30BOM COCTOSIHHH, TIpU
KOTOPOM BCé BO3MOJKHOe (pa30BOe IPOCTPAHCTBO, KpOMe Y3/10B, OJHOBPEMEHHO NpUHAaJ/IeXUT BceM MHTepBanam
npocTpaHcTBa. 1oz (a3oBbIM MPOCTPAHCTBOM MOHMMAeTCs] BCEBO3MOJKHbIM Habop 3HaueHUM ypoBHeH HepruM u
OTHOCHTe/IbHOM HarlpaB/IeHHOCTH 0Cell CHMMeTPHH.

Yacte 3Hepruu VHTepBa/soB IMpPOCTpaHCTBA OKasajach 3a0/0KMPOBAaHHOM B KauecTBe SHEPTrUM CBSI3U
Y3n0B. Takum o00pa3om, Haudascsi TIPOL|ECC, KOTOPBIA YCIOBHO MOXKHO Ha3BaTh «OCThIBaHHeM». lanbHeliliee
Oosbllle TIOXO)Kee Ha TIPOLieCC KPHCTA/UTM3AMM CO CHIDKEHWEM TeMIlepaTypbl, TO ecTb Ha «bosbmioe
MOX0/I0/JaHue», a BOBce He Ha «bBoJybIIONW B3pbIB», pa3MeraBinii Mateputo mo BcemenHoi. CTOpPOHHUI
Habmozaresns BAPYr OOHapyXun Obl, 4TO B HEKOTOPOM oOBeMe, 3alloJIHeHHOM aMop(HOW Maccoi, cramu
TIOSIBJIATECSL  TIPOCTPAHCTBEHHO-/IOKA/IM30BaHHble 00pa3oBaHMsl. VX uMC/IO CTpeMUTeNbHO BBIpOCTO. V1 uepe3s
KOPOTKOe BpeMsi BeCb 00BEM 3allojIHW/ICS TPOCTPAHCTBEHHO-JIOKAIM30BaHHBIMU 00Pa30BaHUSIMU C «ITyCTOTOM»
MeXXly HUMH.

CBOICTBO WHTEpPBa/JOB TPOCTPAHCTBA K OTAE/JBHOMY, CaMOCTOATEJTbHOMY CyHIeCTBOBAaHHUIO Je/asio
HEBO3MO)KHbIM C/IMSIHME [BYX YacTUL] B OJHY, TO eCTb Ilepexoj, B COCTOsIHWe, Hepa3IUuuMoe [ KaXJou
YacTULbl. JTO CBOWCTBO TIPOSIBUIO ceOsi B rporjecce oOpa3oBaHus Y3/10B, Kak mpuHpun Ilaymaum, coriacHo
KOTOpPOMY He paspellajioch ABYM OJUHAaKOBO HallpaB/eHHbIM HHTepPBajiaM HNPOCTPAHCTBAa CBS3bIBATh /Ba
0/JMHAKOBBIX Y3J/1a, WM, TO ’X€ CaMoe, He/lb3sl IByM HMHTepBajaM HaxOJUTbCs B OfHOM (ha3oBOM COCTOsiHUM. B
pe3ysbTaTe B 00pa30BaHWM BCeX Y3/I0B NPHHS/IO y4yacTHe OAMHAKOBOE KOJIMYecTBO VIHTepBa/ioB MPOCTPAHCTBA.
OT0, HarpuMep, B MOTHOW Mepe 00BsICHsIeT (pakT OTCYTCTBHA APOOHOro 3apsja, BelMUMHA 3apsija orpeZieneHa
yncioM VIHTepBasioB B Y3/e, paBHOe BO Bcex Y3/ax. TeM ke 00CTOSITE/TbCTBOM MOXXHO OOBSICHUTH O/IMHAaKOBOE
[J1s1 BCeX YaCTHL] OrpaHHuYeHre MaKCUMalbHOW OTHOCHTeNBHOM ckopoctd C, 0fWHAKOBOe 3HaueHHe MOCTOSTHHOW



IMnanka h A7 Bcex uvacTHIl, U HEKOTOpble Apyryve KOHCTaHThL. B mipypojie umc/io map Y3/0B paBHO YHUCITY
NHuTepBanoB npocTpaHCTBa.

Takum 00pa3oM, B TIPHpPO/ie MOSIBUIMCH [IBa TUTIA Y3/I0B, PUYEM, B PaBHBIX KondyecTBax. Kaxabii Y3en
oKazasicsi 00pa3oBaH OJHOMMEHHBIMH TIOTFOCAMH CBOE€H Tpymmbl MIHTepBasoB MPOCTPaHCTBA (T10J/I0XKUATETbHBIMU
WA OTpULIaTe/bHBIMM). VIHTepBasbl MPOCTPaHCTBA 3a MpejeraMu Y3/a SIB/SIOTCS ero HeoTzenseMOd MHUMOM
YacThbi0, ero Mpo/I0/DKeHNeM B MHMMOM TIpocTpaHcTBe. CBsi3aHHbIe B ¥Y37e, C yUeTOM 3HaKa, OHU MPe/CTaB/IsIoT
co00l TO/IOKUTeNBbHBIA WM OTpuLiaTesnbHb 3apsj Y3na (vHaue Ilone, snektpuyeckoe Ilose). Byayuu
IIOPOXK/ieHeM MHHUMOIO IPOCTPAHCTBA, 3apsi/ibl MOIJIM I1epeKpbliBaTh APYI [pyra, MCK/AKYas caMH Y3/bl. V3
peasbHBbIX YaCTHL] TaKOM 3apsj, MMeeT, HallpyuMep, J/IeKTPOH, 3apsij, KOTOPOro He IIpephIBaeTcs], He paBeH HYJII0 B
o060l TouKe IPOCTPAHCTBA M HeHabmojaeM.

Mpunuun [laynu 3ampeljaeT AByM MHTepBasaM MpPOCTPaHCTBA HaXOAWUTLCS B OJWHAKOBOM (Pa30oBOM
COCTOSIHMM, IIPY 5TOM IPOTHUBOIIOJIOXKHO HarlpaB/ieHHble VIHTepBasibl MO/, 3TOT NPUHLIMI He romnazarT. ITostomy
CHUJIa TIDUTSDKEHUS] MeX/ly pa3HOMMeHHbIMHU TojrocaMy VIHTepBasia NPOCTPAHCTBAa CHUCTEMHO TMposiBU/a cebst Kak
CU/la TIPUTSDKEHHS MeXXAY PpasHOMMEHHBIMHU (pasHOMOSIPHBIMM) Y371aMu. A HajOKeHHBI Ha 3TO siB/leHHe
npuHumn [aymu co3pan cuibl OTTa/JIKMBaHUSI MEXJY OJHOMMEHHBIMHU (OZHOIOJISIPHBIMU) Y371aMu. B pesysnbrare
BO3HUK/IM DJIeKTpUYeCKHe CWIbl TIPUTSDKEHWS M OTTalKWUBaHWS, BO3HUK/IW TOJOXKUTeNbHbIE W OTpULIaTe/bHbIe
3apsigpl. He cMoTpst Ha To, uTo /r06ast Touka ()a30BOro MpPOCTPAHCTBA NPUHA/IeXana BceM Y3/1aM, TeM He MeHee,
¥Y3en mosyuns1 coOCTBeHHOe, He3aBHCHMOe OT APYrux Y3ioB, CyijecTBoBaHHe. B CBsS3M C 3TUM cieflyeT
pas/nuyaTh NPOCTPAHCTBEHHYI0 ONpe/ie/IeHHOCTh CaMOro Ys3ja, U IPOCTPAaHCTBEHHYHO HeoIlpe/e/leHHOCTh
3apsiza.

B TlpocTpaHcTBe MeXAy Y3m1aMyd BO3HUKIM HEKOTOpbIe TPOCTPAHCTBEHHO-BPEMEHHBIE OTHOIIEHUS
(paccTosiHusi, OTHOCUTebHBIE CKOPOCTU, W psAf Apyrux 3¢ddekroB). B3auMopelicTBue CTalo HOCHUTb CTPOTO
oTipe/ieJieHHbIM TOPSZIOK, UTO, B KOHEUHOM WTOTe, B AajbHelmieM co3fact 3¢ ¢heKT HeoOpaTUMOCTH BpEMeHH.
BHauane B3anMoOfieliCTBHE TIPOMCXOAUT B MHHUMOM TIPOCTpaHCTBe Mexny I[lomsmu. Pe3ysmbpTar oTpasurtcs Ha
JIBIDKEHWY Y'3/10B, HOBBIE COOTHOIIIEHUSI MEX/Y ¥Y3/1aMH CO3/IaZlyT HOBbIE YC/IOBUS [I7Isl B3aUMO/IeHCTBHSI B MHUMOM
npocTpaHcTBe. VI Tak Mo Kpyry. TakoW MpOCTPaHCTBEHHO-HEOTPeAEIeHHbIA TUIT OTHOIIEHUH BIOMHE 0OBSICHAET
BEPOATHOCTHBIN XapakTep (QYHKIMI B3aUMOJENCTBYS B MUPe PealbHbIX YaCTHI].

2. [IleCTBUTEIbHBIE H MaTePHaIbHBIE 00 bEKThI.
NeiCcTBUTE/ILHLIA OO BLEKT.

ITossBuBIINECS B pe3y/ibTaTe CBA3dHHOI'O COCTOAHUSA Y3abl1 YC/I0OBHO MOXKHO TIpeICTaBUTh KdK AbIPKHW WIA
MyYHOCTH, CYIeCTByolMe B MHHUMOM TPOCTPAHCTBe. SBMSACH JIOKAJBLHBIMM OOPa30BaHUSAMH, Y3/l CAMUM
CBOMM CYIeCTBOBAHHWEM OTPHUIAIOT beH,E[aMEHTaJ'[bHOE CBOﬁCTBO HpOCTpaHCTBEHHOﬁ Heompeae/IeHHOCTH, 1 KdK
HEeUuTO, OTPHIAI0Iee 3TO CBOMCTBO, Y3/Ibl CTAaHOBATCS [leMCTBUTE/IbHBIMH 00BeKTaMH. JleHCTBUTEIbHOEe
MPOCTPAHCTBO M CYLIECTBYHWIIHEe B HeM 00BeKThbI ecTb J((eKT, TOSBUBIIMICS B pe3y/bTaTe CBA3AHHOIO
COCTOAHUA MHUMBIX YdCTHUIL].

WHTepBasnbl MPOCTPAHCTBA I€PBUYHBI, TOPOX/JEeHHOe UMK MHHMoOe MPOCTPAHCTBO, KaK H
JelicTBUTe/IbHOE, BTOPUYHBI M peajbHbl. MHUMas U JAeHCTBHTe/JbHass uyacTH obpasyior KommiekcHoe
MPOCTPAHCTBO.

[TpuHLMNIMA/IEHO HOBBIM (peHOMeH, [leHCTBUTEIBHBIA 00BEKT, TMOSBWICS HE Ha TYCTOM MeCTe, a B
pe3ysbTaTe ycu/ieHUsi cBoiictBa VIHTepBa/ioB MPOCTPAHCTBA K OT/AE/JIBHOMY CYILeCTBOBAaHHIO, BHI3BAHHOI'Q
HX OTPOMHOI1 IVIOTHOCTBIO B cOCTaBe Y3ra. B Y3rne cBoiicTBa MIHTepBaioB MPOCTPaHCTBA [JO/DKHBI CYII[eCTBEHHO
OT/IMYATLCSI OT CBOMCTB CBOOOHBIX VIHTEpPBA/IOB HE TOJIBKO MO TIPUYMHE OIPOMHOM TJIOTHOCTH, HO TAKXKEe B CBA3U
¢ TeMm, uTO mo/iroca IHTepBa/ioB TIPOCTPAHCTBA, CBSI3aHHBIE B ¥Y3/1aX, y)Ke He ObLIM CBOOOAHBI JJPYr OT Apyra.
Kak csieicTBUe, MOSIBUIOCH OTPaHUUYeHHe OTHOCHTEIbHOM CKOPOCTH. PesIITUBHCTCKOTO MeXaHu3Ma el He Oblo,
MO3TOMY BCE OTHOCHUTE/IbHBIE CKOPOCTH OBbIIM MaKCHUMaslbHbIe, M OTPAaHUUHBA/IUCh BeJTMUMHOM, PaBHON CKOPOCTH
cBeTa. 3aKOHbI ()M3MKU He HaK/IaJbIBalOT OrPaHWYeHU Ha CKOPOCTh Tepefilau BO3MYILLeHHsl «BHYTpU» VIHTepBana



TIPOCTPAHCTBA, T03TOMY, UTO0bI 0OBACHUTH IB(EKT OrpaHUUEHHsT CKOPOCTH, BO3MYIIIEHHE [OJDKHO Mepe/aBaThCs
ObICTpee «CKOPOCTH» CBETa.

Bce VY3l camuM mporjeccoM 00pa3oBaHUS CO3/J]aHbI JIEMCTBUTENBHBIMA OOBEKTAaMU, HO ellle He
BemectBoM. CTpPyKTypa /IeMCTBUTE/IBHOTO OOBEKTa C/IMIIKOM TPOCTa (Harpumep, He WMeeT TeOMeTpPUYeCKHX
pa3MepoB), uToObI YUaCTBOBATh B CJIOXKHBIX MPOIeCCaxX aHaau3a U CUHTe3a. [IpoCTpaHCTBO, TIOCTPOEHHOE TOJIBKO
U3 JeHCTBUTENbHBIX OOBEKTOB, 3TO TPOCTPAHCTBO 0€3 pesisiTUBM3MAa B €ro MOJHOM TMOHWUMaHWH, ¥ He HUMeeT
IIaHCOB Ha JIJTUTE/IbHOE CYLeCTBOBaHME W pa3BUTHe. YTOObI B3aMMO/IEMCTBUS MKy Y3/1aMH CTa/ld BO3MOYKHBI B
MOJHOM 00beMe, AeHCTBUTENBLHBIA 0OBEKT [I0/DKEH TI0/IBEPIHYThCA HeMMHEHMHbIM Tpeo0pa3oBaHUsM, Tak
Ha3bIBaeMOMY NPOLIECCY MaTepHUaIu3aly YHePruM.

OpHUM U3 BO3MOKHBIX 00pa3oB ITpocTpaHcTBa ZAeHCTBUTE/NBHBIX Y3710B, MOXKET, ObITb MHOXECTBO 2-X
MepHbIX NTPOCTPAHCTB C B3aUMOJENCTBUEM B 2-X MePHOM IVIOCKOCTH.

IIceBO0000/109Ka U MAarHUTHOE I10JIE
CyIlIHOCTb npednosiazaemoz20 TIpoliecca MaTepuaau3alid B 00lleM cjyuae 3aK/aioyaeTcs B TOM, UTO
HEKO0TOpas yacThb VHTepBasa MpocTpaHCTBa (OT/AeNIbHOTO0, TPYIITEI MM BCEX), HAXOZSAIIAsCS B IPOCTPAHCTBEHHO—
Heoripe/ie/leHHOM ¢a3e, TPU YCKOPeHHH Y3/a T[epexoJuT B MNPOCTPAHCTBEHHO ompe/e/eHHYI ¢a3y,
OPTOrOHA/IHPHYH) HAamNpaB/IeHHI0 IepeMeleHUusi (OCH CHMMeTpPUM), W COXPAHSeTCS B 3TOM COCTOSTHUU [0
CeiyIoLero B3auMo/[elCTBUSI.

B cBsi3W C OT/IOKEHHBIM XapaKTepOM HCIIOh30BaHUS (/[0 MOMEHTa IOC/Ie/IVIOIIero B3auMO/IeHCTBYS),
SHeprus, 3aK/loueHHas B IIPOCTPAHCTBEHHO OIpele/iIeHHOW uYacTh VHTepBasia TIPOCTPAHCTBA, SIBJSETCS
MOTeHIUA/ILHOMA.

V3 HaOmojaeHwil C/1eAyer, uTO TIPOLleCC MaTepHanv3aliuy 3aTparvBaeT, Tmpexkae Bcero, Ilose.
[TposiBisieTcst 3TO B (POPMUPOBAaHUM OKOJIO ¥Y3/1a CBoeoOpa3HOW 006/1acTH, OTpeZie/IeHHOM B KJIaCCMUYeCKoW (r3mke
Kak 00/1acTh Hanbo/1ee BepPOSITHOTO CyIIeCTBOBAHHUA W B3aUMOJeHCTBHUs (TIOHSTHE TIpUMeHsieTcsl K PoToHaM).
[TpyueM, yeM GosibIe BHYTpPEeHHsisl SHeprusi Y3ja, TeM MeHbIIe 3Ta o6sacTb. IIpumepom ciyxut PoToH, y
KOTOPOTO C POCTOM SHEpPrud yMeHbIIaeTcsl AJMHA BOMHBL. TO ecTh TpolecC MaTepHaaM3alid HauWHAeTCsl C
YMeHbIIIeHUs] TIPOCTPAaHCTBEHHOH HeoTpe/ie/IeHHOCTH (YBeJTMUeHHsI POCTPAaHCTBEHHOM OIpe/ie/IeHHOCTH) 00/1acTH
OKOJI0 ¥Y3/1a, Ha3BaHHOM B rMIIoTe3e 1ceBgoO00/10UKOM.

be3ycioBHO, 3TO, TMOOOUHBIN, WHTErpaTHBHBLIM 3Gh(EKT, BBI3BAHHLIM TeM, UTO Kax/blii KHTepBan
TIPOCTPAHCTBa, 3aTPOHYTHIM TiepeMellleHWeM Y3/a, TOJABEpPrcsi TMpollecCy MaTepuanv3auyu. B pesynbrare
MaTepUau3al[ii HEKOTopasi 4aCTh KaXkaoro MHTepBana TpaHCOpPMUPOBaiach B MCEBAO JIOKa/TbHOE 0Opa3oBaHue,
BEKTOP, PACIOI0KeHHBIN OPTOrOHA/BHO OCH CUMMETPHH U CIIOCOOHBINM 0c0OBIM 00pa3oM OKa3bIBaTh BIMSHHE Ha
3apsiapl. TepMuMH mMCeBAO O3HAauaeT, UTO JIOKaJbHOe OOpa3oBaHWe He OTPHUIIAeT TIPOCTPAHCTBEHHYHO
Heorpe/e/IéHHOCTh, U B TIPUHIIUTIE, OCTaBasiCh TIPHUHA/IJIEXKHOCTBI0O KOHKpeTHOTo VIHTepBaia, MOXKeT CyII[eCTBOBaTh
B JTI000# TOUYKe MHUMOIO MPOCTPAHCTBA. B TO ke BpeMst JIOKa/IbHOCTb M HAJTUUKE Pa3HOIIO/IAPHBIX TIOFOCOB He
TO3BOJISIOT 3/IEMEHTAPHBIM BEKTOpPaM pacriojiaraTbCsl XaOTHYHO, HE3aBUCHUMO ApPYr OT Apyra. EAMHCTBEHHO
BO3MOXXHBIM CIOCOOOM UCKI/TIOUATh KOH(MIVKTHI SIB/ISIETCS CUCTEMHOE pacIio/ioykKeHre 3/ieMeHTapHBIX BEKTOPOB B
BUJIe OKDY)KHOCTEM B TUIOCKOCTH, OPTOTOHA/JbHOW HarpaB/ieHWIO TMepeMeleHns. TakuM o00pa3oM, OKOJIO
IBWKyIerocss ¥Y3na obpasyercs ITone ¢ 0coObIMM CBOWCTBaMM, Ha3BAaHHOE MArHUTHBIM. KaXK[blid 371eMeHT
marautHoro [lonsi siBnsieTcss TpaHcdopMarvell yacty otensHoro VHTepBana mpocTtpaHcTBa. CKOMBKO U Kakue
WuTepBanbl MpOCTpaHCTBA 3aTPOHET IepeMellieHre ¥Y3/1a, CTOMBKO 37IeMEeHTapHBIX BEKTOPOB MarHUTHOTO Ilosis
Oyzer obpa3oBaHO B MHHMOM TMPOCTPAHCTBE OKOJIO Y37a. Bekropbl MarHUTHOTO Ilosisi CyIIecTBYIOT (Kak |
snekTpuueckoe Ilose) Bo BceM MHUMOM TPOCTPAHCTBE, HO B3aMMOZEUCTBUE OYZeT MPOUCXOAUTh C HaubOJIbIIeH
BEPOATHOCTBIO B 06iactu mceBqoO06omouku. TIpu 3TOM, ueM G/mike K Y37y, TéM «IUIOTHOCTb» VIHTepBa/ioB
TIPOCTPAaHCTBAa 0OOJbIIe, CJe/[0BATENLHO, CHJIbHEE [O/DKHO ObITh W MarHutHOe Ilome. OueBWIHO, C pPOCTOM
CKODPOCTHU JBW)XeHUs Y371a s3Heprust MarHutHoro [1o/isi Takxke yBeTMUUTCS.

B Hauase cratey ObUIO MMOKa3aHO, Ha TIpe/Ie/TbHO MajibIX PAaCCTOSTHUSIX (COOTBETCTBYIOIIUX MaKCUMaIbHON
SHepruu CBsi3v) VHTepBasibl MPOCTPAHCTBA MOTYT CYI[eCTBOBATh B MPOCTPAHCTBEHHO-OTIPeesieHHOW ¢opme. Ha



CyIleCcTBOBaHHe 3TOro 3¢deKra yKa3bIBalOT U 0COOEHHOCTH BHYTPHSEPHBIX CHJT (CUJIbI TIPUTSKEHHUS] He 3aBUCST
OT pacCTOSTHUSI MEXXJY HYKJIOHaMH, B3auMOJeNCTBHe NpsMoe). Bo3HMKaeT BIO/IHe JIOTUUHOE TIPeJT0/I0’KeHUe, UTo
B OmmKHell 30He, Ha KPUTUYECKH MajbIX PACCTOSIHUSX OT Y371a, TUIOTHOCTh 3JIEKTPUUYECKOW M MarHUTHOMN
COCTaB/ISIIOIIel JOCTUTHET TaKoro Tpejiena, 3a KOTOPBIM MaTepuanir3alus J0/KHa NPUBECTH MCeBJ0 JIOKaJIbHbIe
o0pa3oBanus (B JaHHOM CJiyyae 37ieMeHTapHbIe BeKTOPbI MarHUTHOTO [10J1sT), K JIOKanmbHOU (opMe, C BEIpayKeHHOM
IIPOCTPAHCTBEHHOM OIIpe/ie/IeHHOCThI0. B pe3ysibTaTe Marepuanvsalivi LieHTpasibHasi yacTh Y371a nmpuoOperaer
reoMeTpuyecKue pasMepbl, HaxXOZslyecss B NPSIMOM 3aBUCHMOCTH OT CKOPOCTU (TOUHO Takue ke CBOWCTBA B
Mupe peanbHBIX yacTul] uMeer CeueHue B3auMopelcTBus1). HarpamvBaeTcs BbIBOJ, [aB/ieHHe CBeTa Ha
BellleCTBO BIIOJIHE BO3MO’KHO, HO BOIIPOC O HallpaBJIeHWH /|aB/IeHUsI OCTAETCsl OTKPBITHIM.

[Tpy MaTepuanu3aliil BO3HUK/IM [jBa MTPOTHBOIIONIOXKHBIX Tiporjecca. C 0HOM CTOPOHBI MaTepuaiu3aliys
TpYBe/ia K TOsiBJeHUI0 1iceBA00060/0UKK. DTOT TPOIeCC THUTAHTCKUK 10 Maciitabam: OeckoHeuHasi 00J1acThb
CYIIeCTBOBaHMSI Y B3aUMOJEHCTBUS BJPYT CKajaach BO BIOJIHE HM3MepsieMyto 00/1acThb, mpuyeM, 3Ta 006/1acTb TeM
MeHbIlle, yeM Oosibiie CKOpoCTh Y31a. C Apyroil cTopoHbI B ()a30BOM TMPOCTPAHCTBE Y3/a TMOSBUIOCH TaKOe
obpa3oBaHue, Kak CeueHue B3aUMO/|eHCTBHsI, MU3epHOe I10 MacitabaMm, HO C MPSIMOM 3aBUCHMOCTBIO OT CKOPOCTH.

Tpebyetcsi 00BSCHUTB, OTKyJa Y3el «3HaeT», UTO WMEHHO OH [BIDKeTCS, a He ero IapTHep Ha
TIPOTUBOTIOJIOKHOM KOHIle o00rmiedi ocu? OTBeT TpoCTO. BekTopHbIli Xapakrep MHTepBasa MpOCTPAaHCTBA
OJIHO3HAUHO OINpejesisieT HarpaBlieHWe W3MeHeHWs SHepruu (ywIOBHO M0 BEKTOpY). VI3MeHeHHe >Hepruu
nopoxzjaer MarHutHoe Ilone. B npoTMBOMNOIOKHOM HampasjieHWU (TPOTMB BeKTOpa) H3MeHeHue >Hepruu
HEBO3MOJKHO, CJIe[ioBaTesbHO, «C3afv» ABWXKYILIerocsi Y3na marHutHoe Ilose He obpasyercsi. DjeMeHTapHBIM
BEKTOp MO)KeT ObITh 0Opa3oBaH B J/it000i yC/I0BHOM Touke VHTepBana rnpoctpaHcTBa. Ho cucTemMHO, yunThiBas
UHTerpupymolljie CBOWMCTBA Y371a U B3aUMOBJ/MAHHE JDYIUX 37eMeHTapHbIX BekrtopoB MmaruutHoro Iloss, c
HanOosbIIIel BepoATHOCTHI0 MarHUTHOe [Tose obpa3yetcs B pesiesiax [IBrKyIerocs Y3ma.

HekoTopble C/I0)KHOCTU BO3HHKAIOT C OObsSICHEHHEM HampaB/ieHHs] CUIOBBIX JWHUNA MarHuTHoro [lors.
Bo3morkHo, 3T0 onpesesieHo CIIMHOM.

CnuHOBasI Macca

B oOumem cwmbiciie, /1000e yCKOpeHHOe JABWKeHHe (/MHEHHOe Wi B (opMe MOMEeHTa KOIMYecTBa
IBIDKEHUsT) TIpHaeT OOBEKTY B pa3HOW CTeNeHW BLIPAXKEHHYH0 IPOCTPAHCTBEHHYH) OMpeAe/IeHHOCTb.
dusruecky MOMEHT KOJIMYecTBa ABVDKEHHSA B d)opMe CnuHa O6ECH€‘—H/IBaeT yacTuie Haqaany}o HOCTOHHHy}O
(HQYCTpaHI/IMy}O) MHUHUMA/IbHYIO IIPOCTPAHCTBEHHYIO OIIp€/e€/IeHHOCTD, 1, TAKNM 06p830M, BellleCTBEHHOCTb B
JeCTBUTENIbHOM TIPOCTpaHCTBe. MexaHu3M, obecreunBaroluii ctabuwibHOe cymjectBoBaHne CIMHa U ero
Hanpab/ieHle, He BbIACHeH. TeM He MeHee, B IIPUPOJe HeT yacTul], He uMmerolux CrnvHa. biarogapsa sTtomy U
®DOTOH, He TIPOCTO JeHCTBUTEIbHBIA 00BEKT, HO, OTHOBPEMEHHO, W BEI[eCTBEeHHBbIH 00LEKT, KakK U DJIeKTPOH, H,
TeM CaMbIM, HOJ'IyLIHET BO3MO>XXHOCTBb B3aHMO,Z[€'I>iCTBOBaTb C HHUM. OTCyTCTBI/Ie y dorona Maccel 1I0KOS He
SABJIAETCA CYyLeCTBEHHBIM, dHa/IOTOM Maccel nokos (DOTOHy CITY>KUT BHEPFETH‘-IECKI/Iﬁ KOMIIOHEHT (ITIS) MOMEHTa
VMMITy/bCa, cnuHOBass Macca. /IpyrMM uacTvijaM BellleCTBEHHOCTh IpH/aeT, MOMUMO CIMHOBOW Macchl, emé u
obosioueudass Macca. BeposiTHo, mipaBoe BpaiijeHrde CrivHa MOJYyYH/IOCh ciydaiiHo. Ecm Berpevanvcs CrivH C
MpaBbIM U JIEBBIM BpallleHHeM, TO OHHW pa3pyllaayd Jpyr [pyra Z0 COCTOSHUS AeHCTBUTENLHOTO 00BeKTa, HO
HEKOTOprﬁ HEI/IBBECTHbIﬁ MeXaHHM3M BHOBB CO3JaBajl CrmH HpOI/I3B0]'H:HbIM MOMEHTOM. B KoHeuHOM wuToOre
TIpOLjecC paspylleHus U co3ganus CrivHa NpuBen K eJUHOMY BapUaHTy BO BCEM MUPOBOM MPOCTPaHCTBe.

Marepuanuzaiusi B ¢opme CrimHa orpaHudeHHas. OueBHJHO, MaKCHMalbHO MaTepUaTU3YIOTCS
WuTepBanbl mMpocTpaHCTBA OPTOTOHA/IbHBIE OCH CHMMETPUHM, YUeM Jajbllle OT OpPTOTOHAJbHOCTH, TeM MeHee
BbIpa)KeHa MaTepuasv3aliys, BIUVIOTb A0 Hy/s BAOMb OCU BpalleHus. MaTepuanu3oBaHHas 3Heprusi CrivHa Ha
JAHHOM ?JTare pa3BUTUS MaTepud Maccoil B OOIIENpPUHITOM CMbICTe He siBseTcs. IIpaBuibHee e€ Ha3BaTh
CnunoBoii Maccoii. Kak ciegyer u3 eé crocoba o6pa3oBaHusi, CrMHOBas Macca He HECET SHeprud B
HaTpaB/eHUU JBWKeHUs. TeopeTHuecKy, Cujia MPUTSIKEHUs, BeCbMa He3HauuTe/IbHas, JOJDKHA ObITh HarpaBjeHa
OpPTOTOHANMBLHO HallpaB/eHUIO ABWKeHUs. [1o HarpaBIeHUIo ABMKeHUs (UK TIPOTUB) HarpaB/ieHO MarHuTHoe [Toste
CrivHa.



OO6o010ueunast Macca

[Tporjecc MaTepuanusalldi Y3/10B IOMyuYWs CBOE JajbHellllee pasBUTHe B TMosiBieHUH O60/10uKM
(BeposITHO, B CHCTeMe HeJWHelWHbIX YPaBHEHUM IO/ HaWAyTCs pelleHus, OOBSCHSIOIME 3TOT (eHOMeH).
CyIIHOCTb TaKOW MaTepuasu3allid B TOM, UTO Bce VIHTepBajbl NPOCTPAHCTBA, MO BCeM BO3MOXKHBIM OCSM
CHMMETPHUH Tiepellyld B TPOCTPAaHCTBEHHO-OMpesenéHHY0 ¢a3y. OTO NPUHLMIMAILHO HOBBIM MOMEHT B
obpa3oBaHMM CBOMCTB MaTepuH. VI3 da3bl 3apsiia MoUTH BeCh Y3er Mepelés B POCTPAHCTBEHHO-OTIPe/IeIeHHY0
tasy Obosouku. ITpuuem, Kak cienyeT u3 HabmomeHn, sHepruss O60/I0UKH, TI0 KaKOK-TO HeM3BeCTHOM TpHUKHe
3aKpenu/iach HAa KOHKpPeTHOM ypoBHe (Macca nmokosi D71eKTpoHOB 1 [103UTPOHOB MpakTU4yecKu paBHbI). To eCTh,
sHeprusi O60M0uUKY DJIeKTPOHA COZEP)KUT B cebe MUHMMasIbHbINA CTaOW/IBHBIN SHepreTHUecKUii KOMIIOHEHT (M),
Maccy mnokos. O60/I0uKM He BCeX YacTHL] MMeIOT OJMHAKOBYI C OJIEKTPOHOM IIOTeHLMaIbHYI0 SHEpruio.
Harmpumep, cyirecTByroT pasHble HeMTpUHO ¢ pa3Hol SHeprHel, To eCTh ¢ pa3Hoi 00oioueuHol Maccoi.

I/IMl'lyJ'[BC n3 O60/10uKH HaripaBJ/IeH BHYTDb qaCTHL[I)I, U CKOpPOCTBH BOB,ELEI;‘ICTBHH, TMOCKOJIBKY TIIpoLeccC
OGPaBOBaHHH O060/10UKH1 MporcCxo4n/1 B MHUMOM IIPOCTPAHCTBE, HE ME€HbIIIE€ CKOPOCTH CBETad C. CJ'IEAOBEITEIII)HO,

o 2
umnybe pased My C. CootBeTcTBeHHO, popMya BHyTpeHHe# sHeprun O60/104kM nomyuut Bug: E=m,C".

B Hauvane cratbu OBIIO yKa3aHO, uTo VIHTepBasbl MPOCTPAHCTBA HEYHHUTO)XKaeMble YacTHIbL. V3 uero
C/lelyeT, uTO HyJieBOoe 3HAaueHWe »JHeprud, TakkKe Kak M 0OeCcKOHeuHoe, 3ampeleHo. I[103TOMy JIOTHYHO
TIPe/ITI0JI0KUTh, UTO C POCTOM MaTepuaiv3al[id PacTéT TMPOTUBOJEUCTBYOIIast eil CH/a, TMPOIOPLMOHATbHAS
YPOBHIO MaTepuanusalui. To ecTb, B OCTAaTOUYHOM 3/eKTPUUECKON Cujie TIPUTSHKEHUS MeXIy Y37aMd UMeeTcs
COCTaBJISTIOITIAs], MPOTIOPIIMOHATbLHAS TOTEHIMAbHOU dHeprurt O00/I0UKH.

U3 onbiToB u3BecTHO, uTo O60JI0UKA 3apsijOBO-HeWTpasbHas, TO ecTb B (haze OOo00uUKM 3apsf Y3na
ycue3aeT. DTUM OT/IMYAETCsl MaTepuanm3anus 3apsifia ¢ obpa3oBaHueM MarHUTHoOro Iloms, oT MaTepuanu3aniu
3apsiza c obpaszoBanremM OO0IOUKH.

OcraBmiasicsi 3a O6onoukoli HekoTopasi /o7 3apsfia B TMPOCTPAHCTBEHHO-HeompezieieHHoW (hase To-
NIpe’KHEMY TIpOsiB/isieT cebsi Kak OTHOCHUTENBHO cs1abasi 3/IeKTPpHUYecKas CUia TPUTSHKEeHMsl, CO3[aBaeMblid ero

IPaBUTALIMOHHBIN MIOTEHI[Ma/ ONKUChIBaeTcs hopmynon P=——,
r

ITpu o6pazoBannu OO6oMOYEK MPHUpOJA T03a00THIACh O TOM, UTOObI OH MPOXOAWU 0e3 HapyIIeHUs
YeTHOCTH cHucTeMbl. [103TOMy Bcerja 0e3 HMCK/IIOYeHHME, TpaHCHOPMALMS TOJIOKUTENBLHOTO 3apsfa Y3naa B
3apsfoBo-HelTpanbHyto O060/10uky (O00/I0UKY UYaCTHLIBI) COMPOBOXKIAETCS TpaHCQOpMalyeld OTPULAaTeTEHOTO
3apsifia apyroro ¥Y3sna B O6osouky (O6om0uky anTryactuibl). ITogo6Hoe rpe/rosioxeHre UMeeT MOTBepsKAeHne
B MUpE€ peasibHbIX YaCTHL], U TaM 3TO siBjieHue psigoBoe. HabmomaeTcst oHo, HarpuMep, B 00pa3oBaHuu DJIEKTPOH —
[To3utpoHHO# Naps! B IoToKe ®0oTOHOB. VIMeIOTCS M pyTvie pearnbHble peakijii, KOTOpble MOYKHO 00BSCHUTE 3TUM
nporjeccoM. OBpaTHbIi Mporjecc, HarpyuMep, aHHUTW/ISILKS D/ieKTpoHa U [TosutpoHa B POTOHBI, TaK)Ke TIPOXOJAUT C
cobsro/ieHreM 3TOTo ycioBusi. KpoMe TOro, rmporecc aHHUTWISALUM C JBYMsI PeabHbIMU YaCTHI[AMH, OJHO3HAUuHO
yKa3bIBaeT, YTo W B 00pa3oBaHWU OneKTPOH - [T03UTPOHHON Maphl TaKKe yUaCTBYIOT UaCTHIbI, HO BOBCE He
BakyyM. IlepBbIMHM pea/ibHBIMM YaCTHLIaMM, OOpa30BaHHBIMUA TakuM 00pa3oM, siBiseTcs mnapa HeHTpuHO u
antTuHelTpuHoO.

Ha >Tane o0pa3oBanuss CnimHa u O00/10uKM MaTepuanu3auus AenaeT [IpocTpaHcTBO 3-X MepHBIM
EBK/MM0BEIM, HO 0e3 rpaBMTalM U peasaTHBU3MA. [Ipy B3aUMO/EHCTBHM OJWHOUHBIX Y3/I0B, WMEIOIINX
O60/10YKH, «IWIIHSS» SHEPrysl MepexoAuT B dHepruro cBs3u O6onouku. [Tostomy cyijectBoBanve HelTpuHo
pa3Hoii SHepruei Brio/iHe 00BSICHUMO.

W3 o0myx NMpu3HaHHBIX TIPUHILMIIOB aKaJeMHUUeCKOM HayKH C/Ie[[yeT, UTO SHeprus repexoAuT B Maccy u
Haobopot. Ho, kak credyem u3 eunomesbl, 3Heprus sBisieTcss atpubyTom VIHTepBasa HpOCTpPaHCTBA, M He
cyiiectByeT BHe VHTepBana. Takum 06pa3oM, Te3uC 0 MaTepUany3alii SHepruy Hefb3sl IOHUMAaTh OyKBasbHO.



3. KoMmmmieKCHbIEe 4aCTHIIbI

Oopa3oBanue Macchl IOKOsI
OneKTpUYecKUe CUIIbI IPUTS)KEHUS] MeXKAY Y3/1aMHy Co3/jany KOMIUIEKCHBIN, ABYsAepHbIN ¥Y3en. Kakabri
IBYsLepHbII Y3es 0Ka3asics CBSI3aHHbBIM C IDYTUM TakK/M >Ke Y3J/I0M /IByMsI KOJI/IMHeapHbIMU, TIPOTHUBOII0/I0KHO
HanpaB/ieHHbIMU VIHTepBasiamy ripocTpaHcTBa. C 3TOro MOMeHTa B IIPOCTPAHCTBe TOSIBUIMCH PesIITUBUCTCKHE
3¢ deKThI, B TOM YKC/e U TaKOM, KaK BpeMsl. DBK/IMJ0BO MPOCTPaHCTBO MPEeBPATUIOCH B JIopeHIieRo.

[lBa pa3sHOMMEHHBIX Y371a B pa3HbIX ()a3ax B CBS3aHHOM COCTOSIHUM 00pa3yloT Bce 6e3 UCK/IIOUeHust
snemMeHTapHble YacTuilpl (HeliTprno, DnekTpoH, ITosutpon, ®oton). HelitpuHo (anTrHeliTprHO) 06pasyer
OJVHOUHBIN Y3en B haze O00/109KkH. IMeKTPOH 06pa3yroT Ba Y3714, U3 KOTOPBIX OJWH B (a3e OTPULATeTbHOTO
3apsiza, apyroii B haze Obosouku. To ke v B oTHOIIeHUH [T03UTPOHA, HO 3apsifi MOJIOKUTebHbIN. DOTOH
COCTaB/ISIOT /1Ba ¥Y37a B (hase 3apsima. OnuHOUHBIE Y3761 B (ha3e 3apsi/ia MOTYT CYIIIeCTBOBaTh UCK/TFOUNTETHHO
KOPOTKOe BpeMsi, [T03TOMY Hen3BeCTHbI. YacTullbl, y KOTOpbIX 06a ¥Y3m1a B haze O6osmouku, npuHLumnom [Naynu
3anpelrieHbl. Pa3pyumTs cBsizaHHOe cocTosiHre O00M0uKy 1 3apsiia BO3MOXKHO, HO IPH CTOJIKHOBEHHUSX,
HEe3aBUCHMO OT OTHOCHUTEeTbLHOW CKOPOCTH, 3TO He MPOUCX0AUT. [lake MpY CKOPOCTSX OMM3KUX K CKOPOCTH CBeTa
PacKosioTh JeKTpoH Ha HeHWTpUHO 1 CBOOOHBIN 3apsi/|, HEBO3MOXKHO (B TO )Ke BpeMsi, peakiius TpaHc(opMaiuu
OnekTpoHa B POTOH 0OBIYHOE SIB/IEHHE).

Puc. 1

Ha pucynke 1 B 1jeHTpe noka3aHa yacturia «B», cBsi3aHHasA ¢ moMoOLIbl0 AByX VIHTepBasioB NMpPOCTPaHCTBa
(ABYX KOJTHHEapHBIX BEKTOPOB) C APYTUMHU uacTULaMU «A» U «Cx». HacTulpbl «A» U «B», SBASIOTCA D/IeKTPOHOM,
yactuta «C» Ilo3utpoH. [lepekpécTHble CBA3M He ToKas3aHbl. Kakpas ABysiZiepHas 4acTHLja COCTOUT M3 ABYX
O/JTHOSIZIEPHBIX YaCTHLI, OZIHA M3 KOTOPBIX B (hase 3apsja, Apyras B dasze Obosouke. O600UKa KaXKIOH YaCTUL[BI
o0b03HayeHa TOJICTOM JIMHKEN COOTBETCTBYIOIIEro 1IBeTa, 3apsi/; 0003HaueH IMATHOM Jpyroro Ieta. Yactuia «F»
apnsiercs: @oToHoM. Octapmiasics 3a OO00/OUKOM MPOCTPAaHCTBEHHO-HEOMpe/iesieHHass ¢as3a, UMerolasi MasbIi
0CTaTOYHBIH YPOBEHb, MPe/ICTAaB/IeHa B BU/Ie BEKTOPa U 0003HaueHa TOHKOW JIMHUEH.

VI3 ONBITOB W3BECTHO, UTO YACTHUIIBI TPAaHC(HOPMHPYIOTCS B YC/IOBHSX CTPOTOTO COO/IO/IEHMS 3aKOHa
YeTHOCTH, KakK, HarpuMep, B peakiud o0pa3oBaHus OJieKTpOH — [103UTpoHHOW mapbl. ITo3TOMy eciv Of[uH
KOJIJTMHeapHbI UHTEPBaj CBSA3bIBAET /IBa PAa3HOMOJISIPHBIX (Pa3HOMMEHHBIX) 3apsja, TO Apyroi - e OO0M0UKH,
eC/i  KOJITMHEeapHbIA WHTepBan CBs3biBaeT 3apsAs, ¥ OO0/OUKy, TO [JPYrod HENpPEMEHHO CBSI3bIBAET
MIPOTHUBOMNOJIOXKHEIE 3apsaf U O6oo0uky (y PoToHa gBa 3apsza).

Co3faHre [BYSiZIEpPHBIX Y37I0B TIPHBENO K TIOSB/IEHWIO HOBBIX 3¢ekToB. IlycTh [Ba KOJ/UIMHEAPHBIX
VMHTepBajia COeANHSIOT YaCTULY «A» C yacTuried «B», 1 mycTb yacTHibl «A» 1 «B» HaxogsaTcs B OTHOCUTETBHOM
nokoe, To ectb O60/I0UKa HE COMIEPIKUT JTOMOJHUTEILHONW TIOTEHI[MA/IbHON SHEPTIUH, BbI3BAHHOM OTHOCHUTETBHBIM
riepemeliieHreM. PaccTosiHye MeXXAy 4acTUllaMy OTpejie/ieHo SHeprueit otfenbHoro MIHTepBasia MpOCTPaHCTBA 3a
nipefeniaMyd O00I0UKH (YaCTHLIBI KaXKYTCS TeM O/vbke, ueM 0OJIbIlle CUa MPUTsDKeHUs1). Kak ciefyer u3 Tekcra
BbIIlle, 3Ta JKe BeJIMYMHA B MOMEHT o00pa30BaHUs TIOJyYyWa TIONPAaBKy HA NPONOPLUOHATBHOCTH
noteHIManbHOW  dHeprum  O6osiouku. [103TOMy CKaJ/isipHOe TPOU3BeJeHHe BEKTOPOB, TPEe/CTaB/IeHHbBIX
KOJIJTMHEeApHBIMU TIPOTUBOTIONIOXKHO HArpaB/ieHHbIMU VIHTepBasaMM TIPOCTPAHCTBAa 3a mpefenamu O60/I0UKH,
Tpe/cTaB/sieT co00 CUTy TPABHTALMM MEX/Y YaCTUIIaMU. MUHUMasbHas MoTeHIManbHas 3Heprust O00/10uKy B
OTHOCUTEeLHOM TOKOe siB/sieTcs Maccoi moKosi, my (1pyu OTHOCKTEeTbHOM JB)KEHUHM Macca BO3pacTaer).



YunreiBasi 00paTHYIO 3aBUCMOCTb CHJIbI TIPUTSDKEHHsI OT PACCTOSHUSA (C/Ie[yeT U3 OrbiTa) (OpMYJTy CHUIbI

m,_m, mm,
rPaBUTALIMKM MOXHO 3amucats: F=—X —=———
r

rie r — KOJUTMHeapHbI MUHTepPBaJl.
r r

OOpa30oBaHHue PeISITUBHCTCKOH MaCChI
W3 cnocoba obpazoBanust O6010uku 1 MarHUTHOTO 1107151 3apsiJia Cief[yeT, UTO COCTOSIHUE KOJUTHHeapPHBIX
WHTepBanoB MpoCTpaHCTBa, BAWsET Ha SHEPreTUKY KaK TOro, TakK M APYroro. A MMEHHO, yBeJIUYeHHe 3HEepruu
VHTepBasia TPOCTPAHCTBA COTPOBOXKIAETCS 3PQeKToM yBenwueHus: (as3oBoro mpocTpancTtBa OO00JOUKH WU
ycuneHrneM MarauTtHoro monist 3apsizia. BepHo u obpatHoe, To ecTb coctosiHre OO00UKN WM U3MeHeHHe SHePruu
MarHuTHoro ITons BiuseT Ha VIHTepBasbl MPOCTPAHCTBA. IJTH MPOIECCHI BO3HMKAIOT TPH Pa3HBIX Criocobax
B3aMMO/ENUCTBHS YaCTHL] MeXIy CO00# (3/IeKTpUUeCKUii, MarHUTHBIN, MEXaHUUeCKUHN ).

Iporjecc B3auMO/IENCTBUS BCerfia HauMHAETCS C CO37aHHS BPEMEHHO CYIIeCTBYIOIeN KOJIJIEKTUBHOMN
O6os0uku (0603HaYeHa MYHKTUPHOM anHuel). TTycTh, Kak TOKa3aHO Ha pUCyHKe 1, wactuija «B» JBIKETCS B
CTOpPOHY 4YacTHIlbl «A». Ilepefjaua sHepruM Bo3MoykHa uepe3 3apsa wid O0oouky. B mepBom ciyuae OymeT
obpa3oBaHa KoJuteKTUBHas riceBgoO00/10uKa, BO BTOPOM Cjiyuae OyjeT oOpa3oBaHa KosuleKTHBHas O0ojouka.
JTroboii crocob Tiepefiaun OCYIeCTBUM, €C/IM, O KpalHel Mepe, O/HA YacTHWIla WMEET TPOCTPAHCTBEHHO-
orpefiesieHHy0  O6onouky. KomektrBHasi O6osiouka 3aMKHET TIyTH Tepepacrnpefie/ieHus JHepruu  depe3s
VHTepBasibl MPOCTPAHCTBA OCH CUMMETPHH, CBSA3bIBAOIIEH 00e uacTUIlbl, (B CBOOO/IHOW UacTHUIle 9TH MyTH BCer/a
Pa30MKHYTHIE).

VHTepBan mpocTpaHCTBa IpefCTaB/leH KaK BeKTOp, II03TOMY 10 3aKOHY CJIOJKeHUs BeKTOPOB
yepe3 KoOJ/UleKTHBHYIO OOO0/IOUKY BHYTpeHHsii SHeprus uyacTuipl «B»  TiepepacrtpefiesuTcs B
COOTBETCTBYIOLL[EM TIPOMOPLMM MEXJy OCSAMHA CHMMETPUM BCeX UWHTEpPBajJOB IPOCTPAHCTBA,
CBA3BIBAIOIMX YACTHLY «A» U «B» co BceMM yacTullaMU BCero MMPOBOrO IpocTpaHcTBa. B Tom uwcre,
riepeiieT B YacTULy«A» T0 TyTH, HarpaBleHHe KOTOPOTO COBMAaZideT C HarpaB/ieHWeM BeKTOpa, TéM CaMbIM
YBe/JMUMB €& BHYTPEHHIOK SHEeprur0. Mexiy YpOBHSAMU SHEepruy KOJUIMHeapHbIX VIHTepBasioB MpOCTPaHCTBa,
CBSI3bIBAIOLIMX YacTULy «A» U «B» co BcemMM yacTullaMu BCero MUPOBOI'O IIPOCTPAaHCTBa, BO3HUKHET HEPAaBEHCTBO,
JPYTUMH CIOBaMH JUCHponopuusi. Pe3ysbraT OyZeT TOT ke, eC/ii BUsSHKE Ha YacTULy «A» OyZeT okas3aHO uepe3s
3apsi/| BHELHMM 3/7IeKTPUYEeCKUM WM MarHUTHbIM [Tosem.

B runorese cjenaHo mpeamoJioxkeHue, YTo KosuMHeapHble WHTepBajbl MPOCTPAHCTBA, HaXOAALMeCs B
NPOCTPAHCTBEeHHO-Heompe/e/leHHoi ¢a3e 3a mpefenamyd OO6OTOUKM B MHHMOM IIPOCTPAHCTBE, CTPEMSITCS
YCTPaHUTh AUCHPOMOPLHI0. YCTPAHEHHEe JHUCIPONOPLMH NPOABJIsSIET cedsi B Tepepacrpe/ie/ieHUd SHepruu
mMexxny OO6omoukod ¥ MarHUTHbIM [losieM. YcTpaHeHWe [JUCIPOIIOPLIMM  COTIPOBOXK/AETCS  YCKOpPeHHeM
(TopMokeHrem) yacTunbl. OOGHAPYKUTD TIPOLECC YCKOPeHUst (TOPMOXKEHHUsT) TIPY yjape BU3yaabHO HEBO3MOIKHO,
TaK Kak M3MeHseTCs BHyTPeHHee COCTOsiHUe VHTepBasioB NPOCTPAHCTBA, C/lefloBaTebHO, CO CKOPOCTSMU BBbIIIe
ckopocTH cBeta. OOGHapy)XKUM TOJLKO pe3ysbTaT [BIWKEHHs YacTHI] B [eliCTBUTEIbHOM IPOCTPaHCTBe (B BUje
HOBBIX BEKTODOB DaBHOMEDHOH CKOpPOCTM WM IMOKOsl). BMmecTe C umcuesHOBeHMeM [MCIIPOIIOPLMM 3SHEPrusi
KoyleKTBHOM OOO0/I0UKM TakKe IepecTaHeT Tpeo0biajaTh HaJ BHYTPeHHel SHeprueil uacTHll, ¥ HCYe3HeT.
KoHeuHbIM pe3y/bTaTOM yCTpaHeHUs! JUCIPOIOPLIUK SIB/SIIOTCSI HOBble CKOPOCTH, HarlpaB/ieHus], HOBbI ypPOBEHb
MOTeHIMaNbHON 3Hepruyd OO00/I0UKM M MarHUTHOTO Ilosisi C COOTBETCTBYIOIIMM CeueHHeM B3auMOJeHCTBUS
(reometpuueckue pa3mepbl O60s10uky). IToTeHIMaNIBHYIO SHEPIHI0, OPOXKAEHHYIO JUCTIPOIIOpLMeH, yio0Hee a1s
KOHKPEeTHOCTH Ha3BaTh PelSITUBUCTCKON DHepruei.

YucneHHOe 3HaUeHWe MOTeHLMATBHON PeISTUBUCTCKOM DHepruy Ha OfIHOW M3 0Ceil CUMMeTpuH He OyzeT
VMMeTh HUKAaKOT'0 OTHOIIeHUS K 3HaUeHUsIM Ha HarpaB/eHHUsIX, OnpeZiesisieMbIX JPYTUMU OCSIMU CHMMETPHH, TO €CThb
pesIATUBUCTCKas DHeprus BcerAa 0THOCHTE/IbHA (B OT/IMUYMe OT BHYTPEHHel DHeprum).

B coBpemeHHOU (u3MKe TPUHATO BMECTO PeJIATUBUCTCKOM Macchl UCMOb30BaTh — TOHSTHE
pensTuBUCTCKON JHepruu. C (U3HMUeCKOW TOUKH 3peHus 3T0 obocHoBaHO. OJHAKO TaM, I/le WCTOMb3yeTcs
UMITYJIbC, TPUXOAUTCS 0003HAUaTh U OOBSICHATEL TaKyI0 ero KOMITOHEHTY, Kak m (Macca). ITo criocoby obpa3oBaHus



my (Macca ToKost) U mg (PeIATUBUCTCKAsi Macca) sIB/ISIFOTCS CJIeCTBUeM (pe3y/IbTaToM) MaTepyann3aliid SHepruu
NuTepBanos ripoctpaHcTBa. [103TOMY HET CMBIC/IAa UCTIONMB30BaTh OJIHY My U He UCTI0/Ib30BaTh APYTYI0 mg. Janee B
TeKCTe TIpM HeoOXOAMMOCTH OYAyT WCIO/b30BaHbl W TIOHATHE PEeATHBUCTCKOM Macchl M PesITUBUCTCKOR
OHepruu.

BriBog ¢hopMyiibl 4-X MEPHOI' 0 HMITyJIbCa

PesiITUBUCTCKUN MeXaHU3M 3aK/IF0YaeTCsl B yCTPaHeHUH [JUCIIPOTIOPLIUK MeXKAy sHeprueit O6010ukn
Y 5Heprueil MarHuTHOro I1o/s yacTuLbl B YCIOBUSIX 3aKOHA COXPAHEHMs UMITyJIbCa.

VHTepBasibl MPOCTPAHCTBA B MpoLieccax B3aMMO/eMCTBYS M3HAUaIbHO Mpe/iCTaB/IeHbl KaK BEKTOPBHI.

JI/IVHBI BEKTOPOB HaX0JATCA U3 ycIoBusd A°+B°=C"

Ecmm, B’=0T0 Bo3uukaet pasenctso(m C)*=(mV ).

3meck BemurHa MC ecTb WUMIYJIbC, TeHepUpYeMblii Ko/leKTuBHO#M 00010ukoii, C — BeKkTop
CKOPOCTH U3MeHeHust sHeprurt O60/I0UKM B MHUMOM TIPOCTPAHCTBE, M V — MPpUOBpPeTeHHBIN B pe3y/ibTaTe
YCKOpPEHHsI MMITYJ/IbC YaCTHIB, M — PesTUBMCTCKas Macca,V— NnprHo6GpeTeHHbI BEKTOp CKOPOCTH (B
JelictBuTesibHOM IIpocTpaHCTBe), peasbHO, CKOPOCTH MepeMellleHus YacTULbl. BenrunHa m oliHaKOBBIM
obpa3oM BXouT B 00e 4aCcT paBeHCTBa.

Ecm o6osHaunte mC°=E, a mMV=P, To Bce BbIpaKeHHe MOXHO TPUBECTH K BUJY
(E/ICP—P’=0,tae E —smeprus O60mouxu, a P — npuobpeTeHHbIH HMITYJIhC.

OTo BbIpa’keHHe XOPOILO M3BECTHO B KIaCCHUeCKOM (u3MKe, W Tpe/cTaB/sieT co00i 4-X MepHBIH
UMIY/bC [Ji YacTHUL], He MMEL[UX Macchl MOKOos, HaripuMmep, PoroHoB. Kak cremyeT U3 Gopmyiibl,
C =V ®O0TOHBI JBWXKYTCS CO CKOPOCTHIO C.

Ecmmu ¥Y3en vimeetr Maccy TMOKOsl, TO y4uTbiBasi, UTo AeiictBue Cuil, MOPOXKJeHHbIX Maccou MoKos,
TPOMCXOJUT B MHMMOM 06/1acTH, c/lefyeT 3anucaTh BhIpakeHHe /s MMIy/bca, Kak M,C, a sHeprus,
COOTBETCTBEHHO, M, C, My- Macca MOKOS.

Takum 06pa3oMm, B fieiicTBHe BCTyMaeT elé oJuH BekTop M, C.

Kak siCHO ¥3 mpenblgyIliero W3/I0)KeHUs, peJsaTHUBUCTCKaa Macca m U Macca mokoss ™M, Kak
pe3y/abTaT yCTpPaHeHUsl JUCIIPOTIOPLUY, O/IrbKauiIne «po/JCTBEHHHKW», C/ie/J0BaTelbHO, U TI0 peakKL[uu
Ha Bo3ZelcTBYe BHelllHeld CH/Ibl He [JO/DKHBI OT/IMUaThCS.

TTosToMy 0611jast hopMy.ia uMITy/Ibca ipunanMaet Bug (m C)>=(mV )*+(m,C)*

ITo AOroBOpEHHOCTU CKOPOCTH CBeTa C  moxHo mucath 6e3 THTIA.

[IpuBefieHHOe BbIllle BbIpa)KEHHWe JieTKO TipeoOpa3yeTcsi B W3BeCTHYIO (opMmyny 4-x MepHOro
VIMITyJTbCa B 4-X MepHOM TipoctpaHcTse (E/Cf —P’=m;C*

Bemvuuny (E/C) TNpUHATO Ha3blBaTh HY/IEBOM KOMIIOHEHTOM 4-X MEPHOr0 WMIIY/IbCa,
E=mC? - sneprusi, m; C* - BHyTPeHHHIA IMITy/IbC YaCTHIIBI (KBaZpaT UMITY/IHCA).

N3 1ol xe (hopMy/bI C TOMOLIbIO 3/IEMEHTaPHOTO pacyeTa JIETKO IOJy4yaeTcsl CBSA3b MEXIY

m =

penaTMBUACTCKOM Maccort ™ u Maccoit nokost My

Takum o06pa3oM, Aas BbiBoZa (OpMysbl 4-X MEPHOr0 HMIYJIbCa OKAa3ajloCh [OCTaTOUHBIM
UCIIO/Tb30BaTh TOJBKO MCXOJHbIe TMOJIOKEHUs] U MPOCTOM pacueT W He MOTpeOOBasoCh MCHO/IL30BaTh,
HanpyMep, Takue MOHATUS, Kak KOHTHHYyM mpocTpaHCTBa-BpeMeHH, M30TponHoCcTh, OZHOPOAHOCTE U
napyrue csorictBa IIpocrpancrtea. Ho 310 Bcero nmmmib Buaumocts. Ha camom gene OmHOPOAHOCTB
MIPOCTPAHCTBA, KOTOpasi, Kak MPU3HaHO B (M3MKe, sIB/SETCS YCIOBHEM COXPaHeHUs UMITY/bCa, HesIBHbIM
00pa3oM COJiep>KUTCS B CBOMCTBAX TUTIOTETUUECKOT0 MHMMOTO MPOCTPAHCTBA. [ MIoTeTUYeCKoe MHAMOe



MIPOCTPAHCTBO, €C/IM He pacCMaTpuBaTh HUUTOXKHYIO [IO/IF0 BK/IIOUEHWM B BHUJE [eNCTBUTETbHBIX
00BEKTOB, U3-3a OTCYTCTBUS B HEM JIOKa/IbHbIX 00pa30BaHUM SIBJISIETCS allPUOPU OTHOPOHBIM.

B knaccruueckoil ¢usvKe uallle BCero BCTpeuaeTCsl yTBep)K/eHHe, UTO peyiiTUBHMCTCKas Macca
eCTb AaKTHBHOE 3BE€HO MeXaHH3Ma, KOTOpbIi OrpaHUuUMBaeT OTHOCUTEbHYIO CKOPOCTb, B KOHEUHOM
UTOTe He JaBasi MPEeBbICUTh HEKOe MaKcuMasibHOoe 3HaueHWe. C TOUKM 3peHUsl TMIOTe3bl 3TO He Tak,
pesATUBUCTCKAasg Macca U CKOpPOCTb B [IeMCTBUTE/NILHOM IIDOCTPAHCTBE SBJISIOTCS OCTATOYHBIMH
SIBJICHUSIMU JIeVICTBUs 3aKOHA COXPAHEHHUSI MMIY/IbCa. PeATUBUCTCKUAM MeXaHW3M eCTb C/Ie[ICTBUE
BCeoOIIero 3akoHa COXPaHeHHs MMITy/bCa B YC/IOBHSIX OTPAHMYEHHOCTH MaKCHMa/bHOM CKODOCTH Tepeauu
VMITy/IbCa.

IIpUHIIUII OTHOCHUTEIbHOCTHU U PEJIATUBUCTCKasa Macca

ITpUHITUN OTHOCHUTETHBHOCTH 3aK/TIOUAETCS B TOM, UTO TPOLIECC B JIEBOUM UacTH (MHTEpPBasbl IPOCTPAaHCTBA
0003HaUYeHbl CIIOMIHBIMU JIMHUSIMA) MOJKET pPacCMaTpUBaTbCA HE3aBUCHMO OT TIpoljecca B TPaBOM YacTH
(uHTepBasbI MPOCTPAHCTBA 0003HAUEHBI MyHKTUPHOW JMHUEH). To ecTh He UMeeT 3HAUeHWs, UYTO TIPOUCXOMUT C
VHTEpBA/JIOM TPOCTPAHCTBA, 0003HAUEHHOTO TOJICTHIM MYyHKTUPOM, €CJTU pacCMaTpPHBAETCS W3MEHEeHHe WHTepBaa
MPOCTPAHCTBA, 0003HAUEHHOTO TOJICTOM CIUIOITHOW JIWHWEH. YC/JIOBHO TOBOps, He WMeEeT 3HAueHWs, 4To
TIPOMCXO/IUT «C3a/i» YacTULbl «Bx», ecu paccMaTtpuBaTh €€ B3auMO/IeHCTBHE C yacTulel «Ax». [Tociemyroriue
paccyxaeHusi 0ylyT UMeTh OTHOIIIeHUE K JIeBOM YaCTH, U CTPOTO BJI0JIb UMITy/ibca P (ocu cumMMeTpun).

Ha pucyHke 2 B LleHTpe MOKa3aHa yaCTUlla CBsi3aHHasi OCSIMA CUMMETPUU CO BCEMHU OCTaTbHLIMU YaCTULIAMU.
Bce mpocTpaHCTBO pa3/iesieHo MJIOCKOCThIO Z, OPTOTOHANMBHOM HUCcTy 6ymark Ha 2 yactu (I u II), mpoxopsimei
yepe3 YaCTHUIY U OPTOTOHA/IbHON UMMY/bCY P, MeMCTBYIOIIEro B TVIOCKOCTHA Oymard Ha 4acTully «A». Bo3HUKIH
JaBa riogMHo>kectBa I u 11

Puc. 2

IMycte ObGosouka yacTuifpl «A» obpa3oBaHa VIHTepBa/saMy TIPOCTPAHCTBA, BKIIOUEHHBIMU B Heé HauaioM
BeKTOopa. B COOTBETCTBUM C YC/IOBHOM TpeJBapUTEeNIbHON JOrOBOPEHHOCTBIO, BHELITHUM UMIYJ/bC MOXKET TepeZaTh
SHEPTUI0 TOJILKO B Te MHTEPBAJIbl IPOCTPAHCTBA, KOTOPLIe 00pallieHbl K UMITYJ/IbCY Haua/loM.

ITocne Bo3geicTBYA Ha YacTULy «A» nMIlyabca P sHeprus Bcex VHTepBanoB MPOCTPAHCTBA BCEX UACTHL]
MOJMHO’KeCTBa I, MoMyuYnT MoJioKuTeNbHOe NpUpalleHre. Bo3HUKHET JUCTIPONOPLIMY C OAMHAKOBBIM 3HAKOM IS
BeX KOJI/IMHeapHblX VIHTepBajJoB IPOCTPAHCTBA, COEAMHSIIOIIMX YacTULy «A» CO BCeMM YacTULAMU B
nogMHoskecTBe 1. Beies 3a 3TUM BO3HUMKHET OJJUHAKOBO HampaB/jieHHas CU/ia YCKOpeHus (pe3yJibTaT yCTpaHeHHs!
JUCIIPONIOPLIMM), B pe3y/bTaTe Y BCeX MHTEPBAJ/IOB IIPOCTPAHCTBA MOAMHOXXecTBa I MOSIBUTCS COCTaB/sioLast B
BH/le MIOTeHI[1A/IbHON Pe/IATUBUCTCKON JHeprun. B nozmMHokecTBe II Bce mporjeccs! UAYyT € 0OpaTHBIM 3HAKOM.

COOTBETCTBEHHO, TPOLECC B JIEBOM YacTU «I» (MHTepBa/ibl IMPOCTPAHCTBA 0003HAUEHBI CIUIOIIHBIMU
JINHUSIMHA) MOJKeT PacCMaTpUBaThCs He3aBHMCHMMO OT Mpoljecca B mpaBoi yactu «II» (MHTepBasbl ITPOCTPAHCTBA
0003HaUYeHbl MyHKTUPHOU JUHUelH). To ecTh He WMeeT 3HAUeHUs, UTO MPOUCXOJUT C UHTEPBA/IOM MPOCTPAHCTBa,
0003HAYeHHOTO TYHKTHPOM, €C/M pPacCMAaTpPUBAeTCs HW3MeHeHHe WHTepBajia MPOCTPAaHCTBA, 0003HAUEHHOTrO
CIJIOLIIHOM JTMHUEH,



PenssiTuBUCTCKasi 3Heprusi PoroHa
B 06paBOBaHI/II/I pEHHTHBI/ICTCKOﬁ BHEPFI/II/I 3aﬂeﬁCTBOBaHbl TOJIBKO IM0JIOBHHA I/IHTepBaJIOB
TIPOCTPAHCTRA, C/Ie/I0BaTe/bHO, PEATHBUCTCKAsA JHeprus OyieT B /IBa pa3a MeHbIIe, yeM B ciaydae ¢ OO0OUKOM,

B 06pa3oBaHMM KOpPOH 3ajeiicTBoBaHbI BCe VIHTepBa/bl MpocTpaHcTBa (1o3toMy E=m(C?). COOTBeTCTBEHHO,

pensiTuBUACTCKast Macca m jo/pkHa uMeTh Ko3GhGULMeHT MPOropLUoHansHOCTH 1/2.

ITo aTo¥i ke mpyuurHe K03(p(HULMeHT MPONOPLMOHANBEHOCTH B (hopMye TMPOMArHUTHOIO OTHOLLIEHUSA
opOUTAIbHBIX MOMEHTOB Oyzer paseH 1/2. B To ke BpeMs TMPOMarHUTHOE OTHOIIIEHHE CIHHUHOBBIX
MOMEHTOB nMeeT K03((HUIFeHT MTPOTNOpPLMOHATFHOCTH B [1Ba pa3a O0JbIIINH, TO eCTh paBeH 1.

m <
®opmyia umynbca 6yger umets Bug: P= B V. Tne V, ckopocTh B IeHCTBUTEILHOM MPOCTPAHCTEE.

mv?
2

®OoTOH 00BIUHAA MaTepHa/ibHasd 4aCThlid, OT APYTHMX YadCTHUIL] eé OoT/IMYaeT MaKCUMa/IbHO BO3MOXKHast

OHeprus, COOTBETCTBeHHO: E =

OTHOCHTE/IbHadA CKOPOCTb AJid I,1:[eI‘/IICTBI/IT(?JI])HOI"O TMMPOCTPAHCTBA, [TO3TOMY €ro 3Heprvsa C yueToOM CKOPOCTU OO/DKHA
2

m 2
BLITJISAETh TaKKe F = , (UTO HE COOTBETCTBYET OOIIENPUHATOMY BhIpaXkeHUI0 3Heprur ®@otoHa: E=mC-)

V3BecTHO Jpyroe BeipaykeHue s sHeprur ®orona: E=hv

Cc’ hv

IT 5] . me h m=2

pHYpaBHUBAs 002 BLIPAXKEHUS, TOTyUUM: =hv, oTcioza >
2 C

To ecTh PeJIATUBUCTCKAA Macca PoroHa B ABd pd3ad 60J'Ibl.lle, yeM CUHUTA/I0Ch.

IMoHsiTHe «pensSTUBUCTCKas Macca» DOTOHA COAEP)KUTCA HEKOPPEKTHOCTh. DOTOH TpeAICTaB/IsfseT COOOM
JBa 3apsja CBs3aHHBIX BMecTe. ¥ PorToHa HeT Macchl mokosi, HeT O6o/ouku. Takasg CTPyKTypa HCK/IHOUYAeT
PEIATUBUCTCKUM MexaHu3M. TeM He meHee, DOTOH 00/1a/1aeT CIOCOOHOCTLIO XPAaHUTh M MEPEHOCUTh JHEPTHIO B
MOTeHI[Ha/IbHOU (hopMe. OTBET Ha 3TOT BOMPOC JIEKUT Ha TIOBEPXHOCTH.

Bbnarogapsi OTCYTCTBUIO peNITUBUCTCKOTO MexaHu3Ma ®OTOH Bcerja [JBWKETCSI C MaKCHMalbHOMN
CKOpOCTBI0. BOKPYT ABYX JBMKYLLMXCS POTUBOIIOIOXKHBIX 110 3HAKY 3apsijoB, 00pa3yroTCsl iBa MarHUTHBIX T10JIS,
KOTOpbIe B3aMHO HeWTPaIM3yIoT APYT Apyra BO BCEM MPOCTPAHCTBE, KPOMe MJIOCKOCTH, pasfiesisitoliiei 3apsi/ibl U
BK/IIOUAlOIllell HarpaB/eHue ABWKeHUs. JTa IJIOCKOCTh aHanornuHa IInockecTH mosisipu3anuM B Kj1acCUUYecKon
(usmKe. DeMeHTapHbIe MarHUTHbIE BEKTOPLI 060ux ITosieil B 3TOM TJIOCKOCTH HAarpaB/ieHbl OJJMHAKOBO U MOTYT
OpraHu30BaThCs €IMHCTBEHHBIM 00pa3oM B BH/le CYyMMapHOIO BEKTOpA, HArpaB/IeHHOTO OPTOTOHAIBHO OCH
repeMelLeHHs], HO He B BUJe KOHLIEHTPUUECKMX CU/IOBBIX JIMHUH.

ONeKTPOH, IIPY TOPMOJKEHWH, HAalIpUMep, B aHTeHHe, Ilepe/laéT CBOIO SHEPrvi0 M0/I0KMTeIbHOMY 3apafy
@otona. OrtpunarenbHeiii 3apsiy PoToHa SHeprur0 He TonydyaeT. Ho OGrarogapsi mporjeccy yCTpaHeHuUs
JUCIIPOTNIOPLIMM COOTBETCTBYIOILAsI YaCTh SHEPIUM MepelifieT B OTpULiaTe/bHbIN 3apsi. B rmiockocty nonsipusanyn
BO3HUKHET CyMMapHbId BEKTOD MarHUTHOro Ilossi, TpOCTpaHCTBeHHOEe HampasJ/ieHHe KOTOPOTO B TUIOCKOCTU
nonsipu3aiiui  (YCIOBHO BBePX WM BHU3) OyzleT OJHO3HAYHO OIpeZeNsThCs HalpaBIeHHeM TOPMOKeHHs
O/eKTpOoHa U COXPaHUTCS NpY /iBr>KeHMH DoToHA B rpocTpaHcTse. I1pu nocesyolieil Bcrpede ¢ TakuM PoToOHOM
DMeKTPOH B aHTeHHE TIOYYUT WMITY/IbC COOTBETCTBYIOLIEro HarpassieHusi. [lelicTBie BeKTOpa MarHUTHOTO [losis
aHaJIOTUYHO BEKTOPY 3JIEKTPUUECKOW CoCTaB/siiolleli B Kiaccuueckoi ¢usuke. Ho peanbHO, yripaBisieT
IBIDKeHHeM DJIeKTPOHOB B aHTEHHe He 3/1eKTpUUecKasl, a MarHUTHasl COCTaB/IsIOIan.

TakuM 00pa3oM, BeKTOp MarHUTHOro IToss ®doToHa ¢ 60JIBINON HATSH)KKOM MOXKHO Ha3BaTh Maccol, TeM
Oosiee PeNSATUBUCTCKOW. AOCOMIOTHO HUKAKOW PeNIITUBUCTCKON COCTABJSIONIEN (3aBUCHMOCTU OT CKOPOCTH) B
00pa3oBaHUM TIOTEHI[HATBLHOHN 3Hepruy MarHuTHOro [Toss HeT. Ec/v UCo/ib30BaTh MOHATHE Macchl B OTHOIIIEHUH



®otoHa (o mpumepy uactur] ¢ O60/0YKoi), TO €€ cjefyeT Ha3BaTh, HANpUMeEp, 3apAJAOBOM (Ha3BaHMe
«MarHUTHas» - CIIMIIKOM OPUTMHA/IBHOE).

KBaHTOBasi HEJIOKQJIBHOCTH

B CcOBpeMeHHBIX [JUCKYCCHUSIX O TIDUHIUIIE B3aWMOJIEMCTBUS MEXIYy YaCTUIIaMH, CBOMCTBa
TripejijlaraeMoii MoJle/ii SIBHO COOTBETCTBYHT TOM uyacTH HepaBeHCTB bessia, B KOTOpoli peann3oBaH
MIPUHIWIT KBAaHTOBOW HeJOKa/MbHOCTH [1] (uHbOpManust o JiOKa/u3alii YaCTHLbIl TIPOXOAUT CO
CKOPOCTBIO BBIllIe CKOPOCTH CBeTa, M KakK CJIeZiICTBHMe, CBOMCTBA YaCTUL] He OTpejie/ieHbl 0 MOMeHTa
B3aUMO/IENCTBUsA). ITO CefyeT W3 TOTO, UTO Oyarofapsi TMUIOTETUUECKOMY MeXaHHU3My 00pa30BaHMUS
YacTUI] Yy HUX CYIIeCTBYeT JeWCTBUTeNbHas W MHMMasi 4acTH. B3anMopelcTBUe MeXy uacTHULaMU
MPOMCXOJUT B MHHUMOW 4YaCcTH KOMILJIEKCHOTO TIPOCTPAHCTBA, Cjie/loBaTe/lbHO, CO CKOPOCTBIO,
TIPeBBIIIAIOIe CKOPOCTh CBeTa, U TOJILKO 3aTeM OTpaXkaeTCsl B /IeHCTBUTE/ILHOM TIPOCTPAHCTBE B BUJE
HOBOTO B3aMMOpPACIIONIOKeHUs1 4yacTul][2]. MHHMbIe yacTH BCeX YaCTHUI] PACIPOCTPAHSIOTCS Ha BCE
MHHMMOE MPOCTPAaHCTBO, BCE YACTHIIbl BCET/la HEPa3pPhIBHO CBSI3aHbI MEXIY COOOM.

CoBpeMeHHBIMU HWCCJIeJOBaHUSIMUA OOHapykeH psifi 3((heKToB, KOTOpble MOXHO OOBSICHHUTH
TOJIbKO B3aMMO/Ie[iCTBEM B MHMMOM IPOCTPaHCTBe, HalpuMep, CIlyTaHHOe cocTosiHue vactul [4]. C
K/IaCCMUeCKUX TIO3WLMK 3TO KaKeTcsi He OOBsICHUMBIM. HO TrHroTreTwueckd siBJieHWe [JO/DKHO OBbITb
PSZIOBBIM.

B camoli mocTaHOBKe BOIpoca O CyIIeCTBOBAHMM CBOMCTB y 4YacCTHI| /10 B3aMMOJeNCTBUSA,
COJIEP)KUTCS [0S MeXaHHWI[U3Ma, 10 KpaiiHell Mepe, B (opMe HesSBHO TIPUCYTCTBYIOL[ETO Te3uca O
HEe3aBHCHMMOM CYII[eCTBOBAaHUM 4YacCTHUl]. V3 TUMOTeTHYeCKON CTPYKTYphbl 3/7€MeHTapHbIX YacCTHI],
C/Ie[lyeT, UTO B KaXK/[OM UacTHILe PUCYTCTBYeT J0JIsi APYTOM UaCTULIbI, U O He3aBUCUMOM CYIlleCTBOBaHUU
He MoXeT ObITh peud. CriefioBaTebHO, HEPaBEHCTBO besia, MPUMEHUTENBHO K THUIIOTe3e, COAEPKUT
paciliMpeHHbIN CMBIC/: KOHKPETHbIe CBOMCTBA YaCTHUI] BO3HUKAIOT TOJILKO B CHCTEeMe YaCTHI] U TOJIbKO B
YCJIOBUSIX M1 B MOMEHT KOHKpeTHoro B3aumogeticTBusi. [Ipu 3ToM XapakTep B3anMozelcTBUs SIB/ISI€TCS
OTIpe/ie/ISIFOIUM, U OTepaTophl B3aUMO/IeHCTBUSI aKTUBU3UPYIOT Te TapaMeTpbl CUCTEMbI, KOTODbIe
TO/IBep>KeHbI JIOKa/bHBIM U3MeHeHUsIM (KOJIMUeCTBO JABW)KEeHHs B pa3HbiX (opmax, (a3a COCTOSHUS,
COCTaB yYaCTULbl). JTH TlapaMeTpbl CHUCTeMbl BBICTYIAIOT KaK CBOMCTBa uYacTull. B3aumojelicTBue
TIPOMCXOJUT TakKuM 00pa30M, UTO JIOKA/TbHBIE U3MEHEHHs] He OTPaKaloTCs Ha CyMMapHBIX TOKa3aTessix
YCJIOBHO 3aMKHYTOW CUCTeMbI (CyMMapHasi SHeprsi, 001y 3apsi/| v T.JI.).
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