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BegeoeHue

[pupoga pa3ymHa, jioruuHa U ctabuibHa. Tem Oosiee KaXKeTcst COBepIIIEHHO He HY»KHbIM [Ipupose
TaKoe siBJIeHHe KaK «paclliipeHue TTPOCTPAHCTBa», U KayKeTCs CJIMIIIKOM YIIPOIIIEHHOM POJib CHJ/T PaBUTALIWH,
CYILIeCTBYHOLLUX TOJIBKO [l TOTO, UTOOBI B3aUMHO COMKaTh MaTeprasibHble 00BeKThI U, B KOHEUHOM
UTOTe, MPUBECTU UX K B3aUMOYHUUTOKEHUIO.

B Hacrosiiee BpemMsi HauboJiee IMMUPOKO /I/Isi OTIMCAHUS TPABUTAIIMOHHBIX B3aUMO/I€HCTBUM
WCII0/TB3YEeTCSI TeOPHSI, B OCHOBY KOTOPOU TIO/I0>KeHbI TpyAbl [TyaHkape u JlopeHlia, 00beJUHEHHbIE B
cTaTthax A. DiHIITelHA. Mo/enb rpaBUTaLIMOHHBIX B3aMMO/IeMCTBUM TIpe/iCTaB/IeHa B BUJe
«UCcKpuBNEHHOro ITpocTpaHcTBa — Bpemenu». iMeHHO U3 3TOM MOJie/id, KaK C/ie/ICTBUe, BbITEKAIo
CYIIIeCTBOBAHHE «UEPHBIX JIbIP», «TI0YKUPaTe/el MaTeprui». ITH 00BEKThI, CJTUBAsICh MeXy COOO0M, 110
JIOTHKe [I0/DKHBI IPUBECTH K YHUUTOKeHUI0 BeeneHHoi. Takast epcriekTrBa hH3rMKaM He TIOHpaBU/IACh.
Tem Gosee UTO KaTeropuuecku MPOTUB «UEPHBIX AbIP» ObIT CO3/aTe/lb HOBOW TeOpUH TPaBUTALUM A.
OitHIITeNH. BCem M3BecTHO, UTO 0001 GusMK gact hopy caMoMy TalaHT/IMBOMY THcaTesTo — (paHTacTy.
[TosTOMy (pU3UKU — TEOPETUKU HaZle/TUTN «4EPHbIE [IbIPbl» CBOMCTBOM MCHAPATHCA. JTO BCEX YCTPOMUIIO, He
CMOTPSI Ha TO, UTO CaMO CYII[eCTBOBaHHME TaKUX 00BHEKTOB JIMIIIh TUIIOTE3a.

Mogenb B oTpaXkeHHH (pU3HMUeCKOU peaJbHOCTU BCer/ja orpaHUueHa 1 pyub/M3uTesibHa, TeM OoJiee,
eCJTU TPY/bI Mpe/IIeCTBeHHUKOB He ObLTH MMO/IBEPTHYTHI JOCTaTOUYHO ITyOOKOM TBOPUECKOM repepaboTke.
B pe3ynbTaTe Teopusi OTHOCUTENLHOCTH A. DWHILTEHHA 0Ka3aiach MPOTUBOpeYal|eil HEKOTOPBIM OMbITaM.
B Mopenu «uckpuBnénHoro [IpoctpaHcTBa — BpemeHn» He MeeT 3HaueHHs1, KakKoii 00HeKT ABMIKETCSA
OTHOCHUTEJBHO /Ipyroro. Takyto OTHOCUTeNbHOCTh C/ie[lyeT Ha3BaTb 0THOCUTE/IbHOCTBIO TI0 MO/ JIIO.
OJHaKO OTHOCUTE/IBHOCTh ABM)KEHHS 10 MO/Iy/II0 0Ka3a/jiach MPOTHBOpeYallleii onbITy (KM3BeCTHbIN
OTIBIT C MMPOBO/IHUKOM B ITOCTOSTHHOM MarHUTHOM Ti0/1e). B TIpupo/ie pUHIMITHAIBHO Ba)KHO, KAKOW 00BEKT
JIBIDKETCSI OTHOCUTE/BHO /Ipyroro oobekra. To ecTh B MpHpo/ie pead30BaHa BeKTOPHasA
OTHOCHUTE/JIbHOCTh. B MpakTHKe KCI10/1b30BaHMsI MOJIe/IN «MCKPUBIEHHOT0 IIpocTpaHcTBa — Bpemenu»,
TJIaBHBIM 00pa30M B KOCMOJIOTHMH, BCEria MOYKHO Pa3yMHBIM 00pa30M Ha3HAUUTh OJUH 0OBEKT
TIOKOSILIIVIMCSI, a IPYTOM ABUTAOLIMMCST OTHOCHTE/TBHO 1epBoro obwekta. Ha pe3y/braTax pacyéra 3To He
oTpasuTcs. [103ToMy MPOTHBOPeUre C OTIBITOM OCTa/IoCh 6e3 BHUMaHWSI.

CornacHo runore3se [4] [5] [6] kaxkzaast aeMeHTapHast yactuija (PotoH, 3nekTpoH, [103UTpoH),
CyLLeCTBYOLLasi OT/|e/IbHO WX B COCTaBe JPYTUX YaCTHL], CBsi3aHa C KaXk/I0M Ipyroi 37eMeHTapHOM

I-Iq':lCTI/II_IEIL/’I ABYMs KO/UTMHeAPDHBIMU ITPOTKUBOIIOJI0>KHO HallpaB/IEHHBIMU BEKTOPAMM. Taxkas1 cBSI3b ITO3BOJISIET
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pa3zieNuTh OJJHO HAllpaBJ/IeHUe JBW)KEHUS OT J[PYTOT0, UTO IMO3BOJISIET TOBOPUTH O BEKTOPHOM
OTHOCHUTE/IbHOCTH JIBIDKE€HUs. BeKTOpHast OTHOCUTETbHOCTD He SIB/IIETCSI CAMOCTOSTE/IbHBIM CBOMCTBOM, a
ABJISIETCS JA/IEKVM, HEOUEBU/JHBIM YC/IOBHEM CTabW/ILHOTO CyiljecTBOBaHUsS BcenenHoi. Ho 00bACHUTE 3TO
MOYKHO TOJIbKO C TMIIOTETUUYECKUX TIO3UIUH.

B TO >Xe BpeMmsl, eC/ii YCIIOBHO 00beJUHUTD 3TU KOJIJTMHEAPHbIE BEKTOPBI B HEUTO €/IUHOE, TO
TIOJTYUUTCS] CKA/IAP, KOTOPBIM 10 MO/Y/IIO TPEe/ICTaB/IsIeT COO0H TUITHUHYIO MMOTEHI[HA/IbHYIO CHTY
B3aMMHOT'0 TIPUTSDKEHUS], peali30BaHHy0 B Mogenu «VIckpuBnénHoro ITpocTpaHcTBa — BpemeHu».
O600111as1 BbIlIECKAa3aHHOE, OTHOCUTETBHOCTD 110 MO/IYJIF0 YaCTHBIH Ciiydait 6osiee 0011ield BEKTOPHOMH
OTHOCHUTE/TbHOCTH.

CornacHo JIeMCTBYIOIEH MUPOBO33PEHUECKON KOHILIETII[UH, eIMHCTBEHHOE, UTO CBSI3bIBAET 00BEKTHI,
3TO T0JIe BHEITHUX CHJI. B ocTanbHOM 00BeKThI He3aBUCUMBI. OIHAKO 3TOT KOHLENTYa/IbHbINA TIPUHLUT
COBPEMEHHBIMH UCCJIe/IOBAHUSIMU TIOZIBEPTAeTCsl COMHEHHIO U YCTYTIaeT MPUHIIUITY B3aUMOCBSA3aHHOCTH
BCeX uacTuI] Bo BceneHHO# Bo Bcex mpoiieccax B3aumMogeicTBust. OOberHeHe YacTHUL] C TIOMOIIBIO
KOJI/TMHEeapHBIX BEKTOPOB OTBeUaeT MPUHIIUITY B3aUMOCBSI3aHHOCTH. OTCIO/Ia U TEPMUH «OTHOCUTEILHOCTD
JIO/DKEH U3MEHUTDb CBOE CO/IepKaHHe U PAaCTPOCTPAHUTCS He TOJbKO Ha CKOPOCTH M PAacCTOSIHMSA, HO U Ha
JHepreTuyeckue npoijecchl. O600611ast 3TOT BBHIBO/, HET OCHOBAHUI YTBEPXKJATh, UTO HaUa/IbHOE
3HaueHHe PeIAITUBUCTCKON MacChl OZIHOTO U TOro >ke POTOHA 10 OTHOIIEHHUIO K y/Ia/éHHOW YaCTHIIe U TI0
OTHOIIIEHUH K PSIJIOM PACIo/IOXKEeHHOM YacTHIle, JO/DKHO ObITh OZIHUM U TeM >ke. Ho uToOBl 0TBeUaTh 3TOMY
npuHLuTY, PoTOH (/1F006ast uacTUIla) O/DKEH 00/1aaTh Onpe/ e/ IéEHHON CTPYKTYPOM, TIPe/ICTaB/IeHHON B
rumnote3e [4]. PaciupeHye MOHATHS «OTHOCUTEILHOCTb» Ha 00/1aCTh SHEPreTHUECKUX MPOLeCCOB JIe/IaeT
OUYEBH/THOW W MPOCTON TMPUUMHY KPAaCHOTO CMEITIeHHsT, UTO TI03BOJISIET C/leflaTh OKOHUAaTeTbHBIN BBIBO —
CUCTEMHOT'O paclpeHust BcesieHHOM He CyIIeCTBYeT.

KitoueBsbie cioBa: KpaCHOe CMellleHne, rIoCToOAHHaA IlnaHka, Bo/IHa Ae BpOﬁJIH.

OOwue 0CHOBHbIE NO/10MHCEHUS

B runorese mnpejrosaraeTcs, UTO HeUYTO He CYIeCTBYIOLlee IIOJBEPIJIOCh pacllielVIeHU0 Ha
OFPOMHOe UHU(JIO OJMHAKOBBIX COCTaBJ/ISIIOLIMX, Ha3BaHbIX B runorese VIHTepBasamMy IPOCTPaHCTBA.
YcnoBue pacijerieHusi TIpeArosiaraeTcsi TakuM, UTO ecyid yOpaTh TakoW MeIlarol[uii HeMaTepuaabHbIN
(hakTOp, KaK HarpaB/JeHHOCTb BEKTOPOB, TO BCE MTHOBEHHO OTSAThH MIPeBPATUTCS B aOCOMIOTHBIN HOJb.

B cBOéM pa3BUTHMM MaTepysi IPOXOAUT C/le/lytolye CTaZHu:

1. HNHTepBansl mnpocTpaHcTBa MHHUMBIE YaCTHLpl, CyLeCTBYHOT BO BCEM MHHMOM
TIPOCTPAHCTBE, TO eCTb 00/1a/jal0T CBOWCTBOM MPOCTPAHCTBEHHOI Heompe/e/IéHHOCTH, MacChl He HMEIOT,
MMeIOT [iBa TOJIFOCa W SIBJISIOTCS BeKTopamH. VIHTepBasbl TIPOCTPAHCTBA 00/1a/jal0T TaKUM TepeMeHHbIM
rapaMeTpoM, KakK TOTeHLMalbHas SHEPrus, KOTOPOM OHHM MOTyT OOMEHMBAThCS [pYyr C [JpPYrOM.
[TposiBisieTcst 3TO B CU/IaX MPUTSDKEHUS MeX[Y TOAH0caMy (CH/bl MPUTSDKeHUsl HarpaB/eHbl Ha CAUsSHUE
TOJIFOCOB M TepexoJ; YaCTULbl B HyJIeBOe COCTOSIHMEe, HO 3TOMYy MelllaeT BeKTOpPHas HarpaB/eHHOCTD,

VHTepBasa NpoCTpaHCTBa).



2. CrpemsieHne TMepeMTH B HCXOJLHOe COCTOSIHME M OTCYTCTBME 3arpeTa Ha 3Ty peakLUro
NpUBE/I0 K 00beAWHEHWI0 OJHOMMEHHBIMM T10/FOCAaMH, VIHTepBajibl MPOCTPAHCTBA, CO3JAaMM B PAaBHOM
KO/IMYeCTBe YCJIOBHO TOJIOKUTe/IbHbIE W OTpULiaTe/bHble Y3/Ibl. Y3/bl He SBJISIIOTCS MaTepuaJbHbIMU
YaCTUI[AMU, HO Y)Ke SIBJISTIOTCS AeHCTBUTETbHBIMU 00beKTaMu (B MHUMOM TPOCTPAHCTBE TIOSIB/ISIETCS] HeUTO,
OTpULiaoIllee TPOCTPAHCTBEHHYIO HeOIpese/léHHOCTh). 3a IpefenaMyd Y3na VHTepBasibl NMpOCTpaHCTBA
00pa3yroT COCTOsSIHHE, KOTOPOe MOXXHO Ha3BaTh 3apsiioM (ITOJIOXKUTETbHBIA WM OTpPHUIIATe/NbHBIN). B 3TOT
MOMEHT BO3HUKAIOT 3/IeKTPUYECKHe CH/Ibl MPUTsDKeHMA (dyeKTpuueckoe Tosie). 3amper [laynu Ha
CyLL|eCTBOBAHME YaCTUL] B OHOM U TOM >ke ()a30BOM COCTOSIHUM, CO3/aJl CUJIbl OTTa/lKUBaHUs. CBsi3aHHBIE
3/IeKTPUUECKVMH CHJIaMHM B e[MHOe Liefioe Y37bl 00pa3ytoT IIpocTpaHCTBO AelCTBUTENBHBIX OOBEKTOB.
CKopoCcTb U3MeHeHMs] SHepruu VIHTepBajioB MPOCTPaHCTBA, CBA3aHHBIX B  Y3/1aX, OKa3ajaach
B3alMO3aBUCUMOM, U, KaK CJieZICTBUe, NMOSBUICA 3¢ (eKT orpaHnueHrsi MaKCMMa/IbHOH OTHOCUTEIbHOM
CKOPOCTH TiepeMelieHust ¥3710B. UToObI COXpaHUTh CUCTEMY OT pa3pyIleHws], TIOSBUICS MeXaHu3M oOMeHa
SHeprueu He MPsSMO, a OJJMHAKOBLIMU TOPLIMSAMH B (JOpMe KBAHTOB JieMCTBUA. Bcres 3a 3TUM JBMKeHUe
nipuobpesio hopMy BosH fie Bpoiins.

3. [TonyurB CnivH (riepBbIM 3Tan MaTepyUaau3aliiu, NposiBJieHNe MpoLiecca MaTepyann3aliy npu
BpallleHWH) Y3/Ibl TIPeBpaljaloTCsi B MaTepHaibHble OO0BeKTbI, Tak Ha3biBaeMble MoHomom. C
rosisjieHeM MOHOMoel TOSIB/SIOTCS TUIWYHbIe 3apsifbl (TIOJI0KUTEbHbIE W OTPULIATE/IbHbIE) U UX
nposiBjieHue B MHUMOM [IpocTpaHCTBe B Buie 3/IeKTpHUecKoro mous. B nelictBurensHoM [IpocTpaHcTBe
TIOSIB/ISIFOTCS PaCCTOSIHUSA U IpyTHe SPPEKTHI.

4. bnaropaps  yckopeHuro  MOHOMOMU  TOABEPIVIUCH  JOIOJIHUTE/IbHOMY  3Tally
MaTepranusalu. B pesynbTare 3TOrO mnporecca HeKoTopasi [0Jis NOTeHLMaJbHOM 3Hepruu VIHTepBanoB
MPOCTpPaHCTBa, oOpa3yroimx MoHomnosb, TMepella W3 TPOCTPaHCTBEHHO-HEeoTpeje/iéHHON (a3bl B
TIPOCTPAHCTBEHHO-OTIpe/le/IéHHY0 a3y B Buze OO6osouky. OcTaBLIasiCs A0S SHEPTUM 3JIeKTPUYECKOTO
nosist 3a npesenamu O60/I0UKK MO-TIpeXKHEMY obecrieurBaia CBsi3b MOHOIIO/ISL C IPYTUMUA MOHOTIOJSIMH.
YpoBeHb TaKMX CWJI TIPUTSDKEHUS] CHU3W/ICS, HO 3TO eIlé He CH/Ibl TPaBUTAL[UH, 3TO OBLIM TO-TIPe)KHEMY
3/IeKTPUUECKHe CUJIbl TIPUTSDKEHUS.

5. Cuibl IPUTSDKEHUST MeXY ABYMs pa3HOMMEHHBIMHM MOHOIOJIAMM CO3/ia/ly 3/IeMeHTapHble
ABYsiiepHBIE YaCTUIIBI: DJIeKTPOHbI, [103uTpoHbI, POTOHBI, a 3aTeM U Oosiee CIOXKHbIe yacThlbl. Kaxaas
YyacTULlA OKa3auach CBSI3aHHOW C KaKJOW YaCTHLIe BCer0 MUPOBOIO MPOCTPAHCTBA, JABYMsI KOJJIMHEAPHBIMU
TIPOTHBOIIO/IOXKHO HarpaB/IeHHbIMU BeKTOpamHu (puc. 1).

6. CBfA3b C MOMOIUBIO IBYX KO/I/IMHEAaPHBIX NIPOTHBOII0/I0)KHO HANpaB/IeHHbIX BEKTOPOB C03/aJia
rpaBUTaliMOHHBIe CWIbL. B felictButesibHOM [IpocTpaHCTBe MOSIBUCS Takoi 3¢ (deKT, Kak OTHOCUTETbHO
crabunbHas CKOpocTb, Bpemsi. IlosiBuica ¢u3nueckwii 0a3suc AMs CKAIAPHBIX M  BEKTOPHBIX
B3aUMO/IeHCTBHUH.

Ha pucyHke 1 B 1jeHTpe moka3aHa yactuia (A), cBsiz3aHHasi C IOMOILLbI0 VIHTepBasoB NMPOCTpaHCTBa
(zBoliHBIE cTpeniku) ¢ Apyrumu yactuuiamu (B, C, D, E). [Toka3zaHHasi Ha pucyHKe 1 pa3Has TOMIWHA JTUHUN
YCJIOBHO O3HayvaeT pa3HblN YPOBEeHb SHePIMH KOHKPeTHOro VMHtepBana npocrpaHcTBa. @a3oBble COCTOSTHUS

MoHorosieli He Toka3aHbl. Ho, Kak ciefiyeT 13 oOL[MX MPUHLIMIIOB 00pa30BaHUs CBSI3aHHOTO COCTOSIHMS,



KOJI/THHEeapHbI€ TIPOTHMBOIIO/IO’KHO HAIIPpAB/IEHHBIE BEKTOPBI CO€UWHAIOT ITPOTHUBOIIOJ/IOXKHBIE II0 3HAKY
MOHOHO]II/I, TO €CTb IIOJIOXKUTE/IbHEIN MOHOIIO/IbL CBSI3aH KOJUTMHEaDHBIM BE€KTOPOM C OTpULaTe/IbHbIM

MoHoriosieM, 1 Ha060POT.

B
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Puc. 1 D
Pucynok 1

W3 BbIllIeCcKa3aHHOTO CJIeIyeT, UTO BCe 3/ieMeHTapHble UaCTULIbl UMEIOT [JeMCTBUTEbHYI0 YacTb U
MHHMYI YacTb. Y O/eKTPOHOB U [I03UTPOHOB [eHCTBUTE/NILHOW YacThio siBisseTcsi O6o/ouka W spo
3apsiza. Y ®oToHa [IefCTBUTEILHOM UacThbiO SIBJIsSIeTCS /IBOMHOe Spo, o6pa3oBaHHOe LieHTpamu 3apsiioB. Y
OnektpoHa u [T03UTpOHa MHUMYFO YacTh 00pa3yr0T OCTaTKU MIHTepBasoB MPOCTPAHCTBA, OCTABIIMECS ITOC/Ie

obpa3zoBanust O6osouky, U 3apsis; y PoTOHa MHUMOM YacThiO SIB/SIOTCS VIHTepBasbl MPOCTPAHCTBA BHE

Apnpa.
/lee cocmasasirowjux uacmuysil.
JleoliHble Ko/1uHeapHble 653U
B uacTuiie MOXKHO BBI/IENIUTH [JBE PA3HBIX [0 SHEPreTUKe 00J/1aCTh: KO/UTHHeapHbIe CBSI3U U
O6osouka.

C nosiB/ieHUEM [JBYSIePHBIX YaCTHL] MEXY HUMH MOSIBUIACh 0Cco0ast ABOMHAs CBsi3b. CBSI3b COCTOUT
13 0CTaTKOB VIHTepBasoB MPOCTPaHCTBA (CUJ/IOBBIX JIMHUI), OCTABLIUXCS OT 37IeKTPUUECKUX CHIT MEXIY
3apsiiaMu 1ocsie X Matepranu3sanyy U Tpaicdopmaiiyi B O60I0UKy.

[1BOVHYIO CBSI3b MOXKHO IPe/ICTaBUTh B BU/Ie BYX KOJUIMHEAPHBIX NTPOTUBOMNO/IOKHO HaIlpaB/IeHHbIX
BEKTOPOB, KOTOPbIe CBS3bIBAIOT JjB€ YaCTHULbl (DUCYHOK 2). B 3aBUCMMOCTH OT KOHTEKCTa CUHOHUMaMH
CWIOBBIX JIMHUM 3/IeEKTPUUECKOTO I10J151 C Onpefie/IéHHbIMU JOMYLeHHUsIMU SBJISTIOTCS. IHTepBaibl
IIPOCTPaHCTBa, MHUMBIE CBSI3U MEX/y 4aCTUL|aMH, KOJUTMHeapHble BeKTOPBI.

Ha pucyHke 2 nokasaHa yactuia B, cBs3aHHas C IOMOLIBIO ABYX VIHTepBasoB MpOCTpaHCTBa (4BYX
KOJJIMHEapHbIX BeKTOpOB) € uactuier C u uactuuenn A. Yactuupsl A U B sBAAIOTCA ONEeKTPOHAMMU.
O6onouka O/eKTpPOHa SIBSETCS TOJ0KUTe/NbHBIM MoHoroneM B (aze O6omouku. 3apsis DJieKTpoHa
sBsieTcst oTpuiiaTesbHBIM MoHomonem B ¢asze 3apsga. Yactuma C siBisercs [Tosutponom. O6osouka
[TosuTpoHa sBAsieTca oTpuLiaTe/lbHbIM MoHoMNoneM, 3apsz — mnosoxurenbHeld Mosomnoss. Yactuna F
sBisieTcst @oToHOM. [lepekpécTHble CBs3U He MOKa3aHbl.

Kaxzas ABysZepHas yacTHLla COCTOMT M3 /IBYX O/IHOSIePHBIX YacCTHLl, OJlHA U3 KOTOPBIX B (hase

3apsga, gpyras B (dasze OO6omouku. OOo0s0YKa Kak[oOM dYacTWIl 00O3HAueHa TOJICTOW JIMHWEH



COOTBETCTBYIOITIETO IIBeTa, 3apsifi 0003HaueH MATHOM KpacHoro IBeta. OcraBimascs 3a O60/0ukoil B
MIPOCTPaHCTBEHHO-HeOoTpe/ie/ieHHOM (pa3e ocTaTouHasi uacTb VIHTepBana MpOCTPaHCTBA, TMOKa3aHa B BHU7e
BekTOpa U o0003HaueHa TOHKOM JiMHWeld. [IyHKTUpDHOW /MHMelN ToKa3aHbl 3/ieMeHTapHble BeKTOpPbI
MarHUTHOTO Tiofs, obpa3ytoiiie OOO0OUKH, U KOTOPbIE SIB/SIOTCS MaTepPHATHM30BAaHHBIM IPO/O/DKEHHEM

COOTBETCTBYIOIIMX KO/VIMHEeAPDHBIX BEKTOPOB.

PucyHoK 2

'MnoTeTHYeCcKU TUIMMYHbIE TPAaBUTALIMOHHbIE CUJIbI MPUTSHKEHUSI BO3HUKAKOT TOJBKO B OTHOLLIEHUU
JBysilepHbIX 4Yactul. OpHosiiepHble y3/bl (OAWHOYHble MoHomonu B ¢ase 3apsja, U OJUHOYHbBIE
Monomoni B (aze O6osouku — HeWTpyHO ¥ aHTUHEMTPUHO) TakXe BOBJIEUEHbI B CHUCTEMY CHJI
TIPDUTSDKEHUS], HO 3TH CWIbl HOCST UHOM XapakTep, OHU B3aWMHO NPUTATUBAKOT TOJBKO MPOTUBOIIO/IOXKHbIE
0 3HaKy MOHOIMO/M (TPaBUTALIMOHHBIE CHJIbI TIPUTSTUBAIOT BCe MaTepyabHble 00beKThl). OAHOsAAePHbIE
YacTULBI TPAaBUTAlMOHHYH Maccy He HMeIT, HMEIT T0JIbKO 000/10ueuHyr0 Maccy.

W3 pucyHka 2 ciefyeT, uTO pe3y/bTaT OT CTOJIKHOBeHHsl ABYX OyieKTpOHOB (I1o3UTpOHOB) u
cronikHOBeHHsT JnekTpoHa (B) u IMo3utpoHa (C) OyjeT NMpUHIMMUAMBLHO pa3HbIM. CTOJKHOBEHHE [BYX
3/1eKTPOHHBIX O00/I0UeK He MPUBEJET K B3aUMHOMY CJIUSIHUIO. B TO ke Bpemsi CTOJIKHOBeHHe DJIeKTPOHA U
[To3uTpoHa NPUBEAET K CIKSHUIO U, COOTBETCTBEHHO, B3aUMHOMY pa3pyiueHuto O6osouek, u
TpaHcdhopMaluu uX B a3oBoe cocTtosiHue 3apsiza (3hdeKT, u3BeCTHbINM KaK aHHUTHIISILIUA).

[lng marepuu B HauyalbHbIM MOMEHT e€ pas3BUTHS 4YacTble paspyLIUTe/bHble CTOJKHOBEHHUS
OnekTpoHOB M I103UTPOHOB [enamu CUCTeMy ManoyCTOMUYMBOW. [103TOMYy CTaHOBUTCS MOHSATHO, MOYEMY
[Mpupoga co3mana Gonee cokHyr yactuily I[IpoToH, anbrepHatuBy I[lo3uTpoHy. MoHOMOMM, KOTOphIe
Moryii Obl co3zaTh [103UTPOH, CripsiTaHHBIE B 0Ojee CIOXKHYHO W TsDKEMYH yacTully [IpOTOH, MoTepsiiu
BO3MOXXHOCTb aHHUTM/IMPOBATh C DJIEKTPOHOM, U MOJIYUYWIA BO3MOKHOCTb Y4aCTBOBATh B IPAaBUTALJMOHHBIX
B3aumozencTBusx. [losiBnenne IIpoToHa mano marepuu BO3MOXKHOCTH /ISl Ja/IbHEMIIEro YC/AOKHEHUS U
pasButusi. Bmecte ¢ stum B [lpupoze MOSBUICS CYyLeCTBEHHBIM [ePEKOC B MCMOIb30BaHUM YaCTHLI.
[Tpeobagarorriei crasa c/IokKHast mMatepusi ¢ IIpoTOHOM B spe aToMa W OpOMTAIBHBIMU OJIEKTPOHAMH,
ToTyurBINas Ha3BaHue Matepust. Marepusi ¢ antulIpoToHOM B siipe u [To3uTpoHaMu Ha BHEITHUX OpOuTax
nosiyursa Obl Ha3BaHWe aHTHMaTepusi, HO 3TOr0 He CIYUU/I0Ch (MU TIOKa He HalifieHa).

'paBuUTalsi BO3HMKaeT, KOTjla OJWH W3 KOJ/UIMHEApHBIX BeKTOPOB HauuHaeTcsi OT OO6010YKu
yacTullbl B (BEKTOp TIpe/iCTaB/sieT COOOM OCTAaTOK 3/IEKTPUUECKON CHIOBOM JIMHUM TOC/Te e€é YaCTUYHOU
Marepranu3auy B coctaBe OO0IOUKH), a JPYTUM CBOMM KOHIIOM BEKTOP BKJIFOUEH B SAPO 3apsi/ia YaCTUL[BI

A. TlapannensHo eMmy oT OO6o0si0ukd YacTHLbl A HAuMHAeTCS TPOTHMBOIOJIOKHO —HalpaB/eHHbIN



KOJUTMHEapHbIM BEKTOp, W 3aKaHUMBaeTCcsl B IieHTpe fl/pa uactuilbl B. [IBa KOJIJTMHEApHBIX BeKTOpa
obpa3yroT ycioBHyto Ocb cMMMeTpud (TIpsiMasi, MakKCHMalbHO KODOTKas JIMHUS, COeIHHSIONAs [Be
yactyupl). Heckonbko MHOW COCTaB OCHM CUMMETPHHM, CBsi3biBatolleld DsieKTpoH U IlosutpoH. OpHa u3
KOJI/TMHeapHBIX CBsi3el CBSI3bIBaeT ZiBe 000I0UKH, a AApyrasi CBsi3biBaeT /iBa 3apsizia. Ock cumMMeTpuu ®oToHa
3TO /IBa KOJJTMHEApHBbIX BEKTOpa, CBs3bIBAlOMMX 3apsigbl ¢ Ob6osioukamu. [ rpaBUTallud He WMEIOT
3HaueHUs ¢a3pl MoHoroel, UMeroT 3HaueHre OCH CUMMETPHUM C IBYMsI KOJITMHeapHbIMU BEKTOPaMU.

Bce snemeHTapHble dYacTulbl (BkItouass PoToHbI) BO BceneHHOW, CBsi3aHHBIe MeXAy co0Ooi
MHUMBIMH (DU3UYECKUMU CBSI3sIMH, 00pasyroT eIMHYI0 CUCTeMY B3aUMOCBSI3aHHBIX YacTHI] - [IpocTpaHCTBO
MaTepuanbHbIX YacTUll. MHUMBIe CBSI3U 3TO, MO CYTH, CaMHd TPOCTPaHCTBEHHO-Heorpeze/léHHbIe
WHTepBasibl MPOCTPaHCTBA WM UX YacTh. COBOKYITHOCTh MHUMBIX CBsizeli oOpa3yeT MHHMMOe [IpocTpaHCTBO.
CkopocTh mepejauyu Bo3MylleHHsi B VIHTepBa/sie MPOCTPAaHCTBA, OYEBH/AHO, IMpeBbIIIdeT CKOPOCTh
CBeTa, Tak KaK OHAa OTHOCUTCS K Kareropuu ¢a3oBbix CKopocTeil. Uepe3 MocpeACcTBO MHUMOM CBSI3U

BBaI/IMO,ILEI\/,ICTBI/Ie MeXAy 4aCTULidMHU IIPONUCXOIUT Ha mobom PaCCTOAHKWH He ITpepPbIBasdACh.

Hmnyabc u 3Hepeus ¢ O60s10UKe U HA NIOCKOCMU

B oT/vumre oT KO/UTMHEeApHBIX CBsi3eld, KOTOpbIe IeHCTBYIOT B MPpOCTpaHCTBe 3a OO0/I0UKOM, UMITY/IbC
JeNCTBYeT TIPU HeTloCpeICTBEHHOM KOHTakTe B O60/10uKe.

O6os0uKa SIB/ISIETCSI MECTOM, T/ie TIPOMCXOIUT U3/10M VIHTepBaia MpOCTPAHCTBA, U Pa3jie/ieHre ero
Ha /IBe B3aMMOCBSI3aHHbIX UYaCTH, MPOCTPAHCTBEHHO OTpe/ie/IEHHYIO (37ieMeHTapHbIN BeKTOP MarHUTHOTO
o151, O60/10UKa) ¥ MPOCTPAHCTBEHHO HeONpeIe/IEHHYI0 (KOJI/TMHeapHbIi BeKTop). Pa30Bbli mepexo/
onpeenu st Macchl ¥ KOJIZTMHeapHbIX BEKTOPOB pa3Hbie (DYHKILIWU.

Tak kak Ob60si0UKa SIB/SIETCS] YCTOMUMBBIM 00pa30BaHUeM, TO C/ieflyeT TPeATIOI0KNUTh, UTO UMITYJIbC
13 O060/10UKM ZI0/DKeH ObITH HaMpaBJ/ieH BHYTPb YacTHIbl. KOMIIOHeHTa UMITy/IbCa CKOPOCTh OTIpeZiesisieT
ero HarpaB/ieHUe, Ha pUCyHKe 3 HEeKOTOPble HMITY/IbChI MOKa3aHbl MyHKTHPOM. KoMITOHeHTa UMITy/ibca
CKopocTh paBHa MMHUMAa/IbHOW CKOPOCTU B MHUMOM TIPOCTPAHCTBE, TO eCTh He MeHbllle CKOpoCcTU cBeTa C.
Marepuann30BaHHOM YacTbIO KaXKJ0W 0C CUMMeTpHH (3/1eMeHTapHOM Maccoii) siB/sieTCs 3/7ieMeHTapHbIN

BEKTOp MarHUTHOTO 10Jisl. BeKTOpHOe npon3sBefieHre ckopocTu C Ha 3/1eMeHTapHbl MarHUTHBIN BEKTOP,

HarpuMmep I'mag, CO3/ja/lyT OPTOTOHA/IBHBIN UM 000MM BEKTOD, COOTBETCTBYIOIIWI T/I0I{a N
napasjiesiorpaMMa Mexzy BekTopamu. Tak kak Macca my sIB/1sileTCsl UHTerpUpOBaHHbIM TIpe/iCTaBIeHreM
3/IeMeHTapHbIX MarHUTHBIX BEKTOPOB, TO OO UMITY/IbC M3 000JI0UKY BHYTPh YaCTHLIBI OyZeT paBeH
P=m,C 1)

Wmnynbc, npefcTaBisis coboit GopMy SHepruu Ha orpeZie/IéHHOM YpoBHe 000011ieH s
(MHTErpUpOBaHUs), ¥ reOMeTPHYeCKH NpeACcTaB/isieT co00M miomaab. TakuM 00pa3om, UMITYJTbC
sBJIsIeTCsl (POpMYJ/IOM KO/ITMUYeCcTBa ABM)KeHHUs] Ha IVIOCKOCTH.

YMHOXXeHHe BeKTOpa TUIoaAu (MMITyJ/IbC) Ha BEKTOP CKOPOCTA C reoMeTpUYeCcKH CO3JaéT 00béM,
c/iefjoBaTesibHO, (hOpMyJ/ia SHepreTHUYecKH NpezcTaBsieT o060l KOJIHUeCTBO ABWKeHHs B 00béme. lIMeHHO

3TOT (pM3HMUeCKHI CMBIC/I COZIeP>KUT (hOpMyJia BHyTPeHHEeN SHePIUy YaCTULIbL:



2
E=m,C (2
KomuecTBO JBIKEHHS MO OTHOIIEHUIO K 00béMY OTpaXkeHO B (hOpMyJie KWHETUUECKOU SHEPTHH:

_mV* (3)
2

E

Koaddurment 1/2 oTpakaeT TOT (akT, uTo 00BEM ITPOCTPAHCTBA pa3/iesiéH Ha ABe yactu. dopmysia
TOBOPUT O TOM, UTO OepETCcsi BO BHUMaHKE B3aUMOZIEHCTBHE TOJILKO C YaCTUIIAMHU, KOTOPBIE PACIIO/IOKEHBI
riepe/; ABWXKYILLelCsl yacTrLiel. Bce yacTuipl B IPOCTPAHCTBe Nepej ABMKYILIeNca YacTyLel 1o
orpe/ie/IEHHBIM IIPaBU/IaM yBe/JIMUYaT CBOI0 YJHEPreTHKY 3a CUET MpoLiecca, KOTOPbIA CO37al ABMKYLLYIOCS
yactuily. YacTulibl B IPOCTPAHCTBE 3a ABWXKYILENCs yacTUlleld NPUpOCTa SHEPTUU He ToJTyuar.

BekrtopHbie omneparu B 06sacti O00/I0UKY MTO3BOJISIIOT BBIOpPATh HanpaB/ieHHe 0CH CHMMETPHH,
110 KOTOPOM MPOJ0/DKAT CBOE ABVIKEeHHe YaCTULIBI I10C/Ie B3aUMO/|eUCTBUS.

B ob6mactu O6osiouku (GOpMHUPYETCS TIOJHBIA PEeISITUBUCTCKUM WMIY/ILC YacTHIbL. [lomHbIN
PEJIITUBUCTCKUAN WMITY/IbC JTF0O0M YaCTULIbI JIETKO TIOMYYUTh HAa OCHOBAaHWM OOIIMX DPacCyKAeHUH U3
CTPYKTYPBI CBSI3€l MeXK/Jly YaCTHULIAMU.

[TepBoii cocraBnsitoieli sBasietcsi P=myC. BenuunHa C sB/isieTCSI MUHUMAa/IbHbBIM, KOHEUHBIM
3HaueHHWeM CKODOCTH, TeHepupyeMoll KOJ/UIEKTHBHOM 000J/I0UKOM W3 MHHUMOTO TIPOCTPAaHCTBA BHYTDb
YaCTUIB, C/IefIOBaTe/IbHO, OHA He /I0/DKHA ObITh MeHbIIle CKOPOCTH CBeTa, My — Macca ToKosl.

Bropoii cocTaBnsitoliell SIB/SIETCS  PeSTUBUCTCKUN umiynisc P=MV (3aBucutr oT HabOpaHHOU
ckopoct). BesmunHa V — HabpaHHast ckopocTb. M - cymmapHass Macca 4acTuiipl, KOTOpasi COCTOUT W3
Macchl TOKOsi ¥ HEKOero pesISTUBHMCTCKOTO JIOTIONIHEeHUs] K Macce TOKOsl, TIpUoOpeTeHHOTro B pe3yJibTare
yckopeHusi. OueBHZHO, C S5TUM >Ke 3HaueHHWeM Maccel, AOCTUTHYTBIM Ha MOMEHT pa3pylleHUs
KOJIJIEKTUBHOM 000JIOUKH, YaCTHIA TIPO/IOJDKUT CBOE [JBW)KEHHWE CO CKOPOCThI0 V B [I€HCTBUTEILHOM
npoctpaHcTBe. BenmmuuHy M mnpuHsiTo Has3biBath PenstuBucTckoii Maccoit. ITo criocoby o6pa3oBanust
pensiTUBUCTCKasi Macca M He cUbHO OT/iM4aeTcss OT Macchl TIOKOsi my, KOoTopasi Takke obpa3oBanach B
TpoLiecce YCKOPeHUs yacTvlbl. EVHCTBEHHOe, UTO OT/IMYaeT my, 3TO 3alpeT Ha BO3MOXXHOCTb Mepexo/a B
TIPOCTPAaHCTBEHHO-HeOoNpe/ie/IeHHY0 (a3y.

TpeTbeli COCTaBISAOLLEN SBSETCS MTOJIHBIN PeIITUBUCTCKUN uMItynbc P=MC.

CootBeTcTBeHHO ©OpMYJIa MIOJTHOTO PeJIITUBUCTCKOTO UMITY/IbCa YaCTHUL[bl OY/eT BIT/IAEeTh:

(MCP=[MV+m,CF (4)

W3 3To¥i popMyJibl MyTEM MPOCTEHIINX TTPeoOdpa30BaHMii MOXKHO TOTYYUTh ypaBHeHus JIopeHIia.

JIxo60mBITHO, uTO eciu 6561 hopmyna E=m,C° uMena ¢pH3MUeCKHi CMBIC, TO 3TO 03HAUA/IO OBl
yto Teopema Pepma HMeeT pellleHHe B Liebix urciax. Ho 3Ta popmyna B Hailem TpEXMEPHOM MHpe

¢usnueckn 6eccmbicsieHHa. MaTemaTrKa TakoBa, KaKoBa (H3MKa.



B3zaumodeticmeue medxncdy O6o10ukamu u 3a O60/104Kol

B3aumodeticmeue npu cmo/IKHO8eHUU 08yX Yyacmuy
Ha pucynke 3 nokasaHsl Tpy yacTuLbl. I1ycTs yacTuipl A U B HaX0AATCS B OTHOCUTE/ILHOM TOKOE€.

Yactuiia C, umesi uMiybC P 1 pensTUBUCTCKYO0 Maccy Mc, cTankuBaetcs c yactuiei A. KosuHeapHbie

BEKTOPBI I'aB, I'BA U I'cA, T'ac TIOTIADHO CBS3bIBAOT YaCTULlbl A, B 1 C. /1711 MTPOCTOTHI BCE YACTHUILIbI SIBJISTFOTCS
DJIeKTPOHAMHU.

TpamumoHHo cunoBas vHUS (VIHTepBas poCTpaHCTBA) OTPULIATE/ILHOTO 3apsi/ja NoKa3aHa
CTpeJIKOM, UCXoslel U3 3apsja.

Kak ciemyeT u3 rurote3bl, O00/I0UKH YaCTHI] CO3/IaHbI 3/IeMeHTAPHBIMUA BEKTOPAMH MarHUTHOTO
T10J151, TIOKa3aHHbIe Ha PUCYHKE 3 KaK F'yaB, Fmea, Fmca, F'mac. KaX bl U3 HUX BK/IIOUEH B OO0/I0UKY, U

KaK/[bIi IPUHA/IJIEXXUT CBOEU CUJIOBOM JIMHUU (KOJIJTMHEADHOMY BEKTOPY). DJIeMEeHTapHbIM BEKTOD

MarHUTHOTO MO/ I'mag TIOJIyYeH B pe3yJibTaTe MaTepuaiv3aly KO/VIMHeapHOr0 BeKTopa I'ap, KOTOPBI
BBIXOJIUT 13 3apsijia yacTHIibl A ¥ BXoguT B O00/10uKy uacTuiibl B. [Toxoxkum oO6pa3om 0603HaueHbI IpyTrHe
371eMeHTapHbIe BEKTOPBI. DJleMeHTapHble BEKTOPbl MAarHUTHOTO M0J1s1 PacIio/I0XKeHbl OPTOrOHAIbHO
KOJI/TMHeapHBIM BEKTOpaM, SIBJISTIOTCSI UX OPTOTOHAIBHBIM TPoZio/bkeHreM B O60/I0UKe, U BMeCTe C
KOJUTMHEeapHbIMU BEKTOpPaMHU SIBJIAFOTCS YacTMU VIHTepBasioB NPOCTPAHCTBaA.

I'nnoTeTnuecky nporecc Marepuanvsanyy VIHTepBasioB NpOCTpaHCTBA BO3HUKAET BCSIKWUM pas, Korza
yacTvLa JABWKETCS, U COXPaHsAeTCs, MoKa yacTuia /JBwkercs. [Ipu ocTaHOBKe UacTHIbI
MOTeHI[Ua/IbHasl JHePrus BO3BPaILaeTcsl B KO/UIMHEeapPHbI BeKTOP B MPOCTPAHCTBEHHO-
HeonpejenéHHYIO (ha3y. Ho 310 He oTHOCUTCA K ciyuato ¢ Maccoii nokosi. MMHHMAaJ/IbHasA SHeprus
000/10uKH, KOTOPOI COOTBETCTBYeT Macca moKos m,, He MOXKET MePeNTH B KO/UTHHEeapPHbIN BEKTOP JjaXKe
B OTCYTCTBHE CKOPOCTH (B OTHOCUTEILHOM MOKOe). MexaHu3M, 6/I0KUPYIOIIHA yMeHbllleHne Macchl TTOKOst
HIDKe MUHMMAa/bHOTO 3HaUeHUsl, Hern3BecTeH. BO3MOXXHO, 5TO CBsi3aHO C MUHUMA/IbHOM SHeprueu,
3aK/IIOYéHHOM B 0/JHOM KBaHTe JieiicTBUA h 1 vHTerpaiveii VIHTepBasioB MPOCTPaHCTBA B COCTaBe
O6onouku. To ectb, Macca my 3T0 MUHUMAa/TLHO BO3MOKHOE 3HaueHre Macchl TIOKOs, 1 yMeHbIIeHHe ITOH
JHePruM J0/DKHO MPUBECTH K pa3pyueHur0 O0010uku 1 TpaHchopmaru B 3apsifi. YToObl 3TOr0 He

C/Iy4YW/I0Ch, TIPHUPO/Jid IMOCTaBHU/Id 3dlIPET Hd YMEHbIII€HUE Macchl oKos.
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O6061EHHO TIpOLIeCC Tiepepacrpe/iesieHNst SHEPIUU BBITJISIAUT CIeAYIOMUM 00pa3oMm.

Bo B3auMOzelCTBUSIX JO/KHBI Y4aCTBOBATh YaCTHUL[bl, U3 KOTOPBIX KAK MUHUMYM O/[Ha [J0JDKHA
MMeTb TIPOCTPaHCTBeHHO-0TIpe/esieHHY0 000/10uKy. B 061ijem ciyyae mpu cTo/IKHOBeHHH YacTul]
O060s10UKO¥ MTPOM30M/eT UCKaXKeHHe (ha30BOT0 TPOCTPAHCTBA 000MX B3aUMO/IEHCTBYIOIINX YaCTUL] BIIOTh
JI0 COCTOSIHUSI, KOT/]A MX TPAHMIbI 00BeJHHATCS, U TIOSBUTCSI BPEMEHHO CYIIeCTBYIOIIAs KO/JIEKTHBHAsA
OGos1ouka (ToKa3aHa MyHKTUPHOH JIUHKEH).

O6mweavHeHHbIe 3Tol O60/10uKOM YacTHULIbI OKaXKyTCsl Ha HEKOTOPOe BPeMsi BO B3aMHO CBSI3aHHOM,
00001I[eHHOM COCTOSIHHH.

3ak/T0uéHHbIe B KO//IeKTUBHYI0 000/10uKy penaTuBucTckue Maccs yactun A u C co3pagyT
0000méHHyI0 Maccy.

B MOMEHT CTO/IKHOBEHHS YaCTHULbl 0CTAaHOBATCA (BCTYIAT B (pa3y M3MeHeHus TapaMeTpOB),
YcUe3HeT POXKJEHHAsi CKOPOCTBIO CHJ/la, KOTOpasi COXpaHsieT PeNsiTUBUCTCKYt0 Maccy. IIpocTpaHCTBeHHO-

orpefiesiéHHast 0000IMIEHHAsA pesIITUBHMCTCKAs Macca HAUWHET BO3BPaIaThCsl B TPOCTPAHCTBEHHO-

Heorpe/le/IEHHOM ¢ha3e B KOJIJIMHeapHble BEKTOPHI I'pa, F'ac U F'ap.

B cucreme uacTWll, COeAWHEHHBIX KOJUIMHEADHBIMH MPOTUBOMOJIOKHO HaNpaB/IeHHbIMH
BEKTOPAMU, MPUHLUIMHAILHO Ba)XXHO, KaKasi YaCTULIA ABMKETCSI OTHOCUTE/IBHO JPYro 4acTHibl. 3TO
OT/IMYAeT CMBIC/T TIOHATHSI «OTHOCHUTETBHOCTh» B TUIOTe3e VHTepBa/OB TPOCTPAHCTBA OT TAKOTO JKe
TIOHSITUSL B MOJIe/I «HUCKPUBIEHHOTO [IpocTpaHcTBa — BpemMeHwW», rie OTHOCUTE/TLHOCTh HOCHUT MOZY/TbHBIN
XapakTep.

B KOHKpeTHOM cCjiy4ae TPH CTOJKHOBEHWH YacTUI] A ¥ B 3TOT NPUHLUI TIPOSIB/ISIETCS B TOM, UTO,
HarpuMep, W3MEHWUTCS JHeprusi KOJIJTMHeapHOTO BeKTOpa Fap, W OCTaHeTCS HeU3MEeHHOW SHeprus

KOJIJINHEApHOT'0 BEKTOpa I'Ba. N KOJIJIMHEApHOT'0 BEKTOPA I'ap BO3HUKHET M30BITOK SHeprur OTHOCHUTEJ/IbHO

TIpe>KHEero 001[ero ypoBHs ([0 CTOJKHOBEHMS), Y KOJIJIMHEApHBIX BEKTOPOB I'pa JHEPrHsl OCTAHETCS Ha
npe)kHeM YpOBHe, B pesysbTate MeXAy YPOBHSIMM SHEPrMM KaK[OW M3 OCell CUMMeTpUHd BO3HMKHeET
aucnponopuusi. OJHOBPeMeHHO C BO3HMKHOBEHHEM JUCIIPOIIOPLIMY HAYHETCS MPOoLecc eé ycTpaHeHMs,
(v3ruecKy peanr30BaHHBIM KakK CW/Ia YCKOPEHHsl YaCTULbl A 10 OTHOLIEHHIO K KaX[OM 4acTvlle BCero
MHMPOBOTO TIPOCTPAHCTBA, B TOM UMC/Ae M IO OTHOLIeHWIO K yactuile B. Takoil ke mporuecc Oyner

TIPOMCXOJUTD U MPU CTOJIKHOBeHNH YacTui] A u C ¢ ToW pasHULIeH, UYTO OJHOBPEMEHHO OyAyT MeHAThCs 00a

KOJUTMHEeapHBIX BeKTopa I'ac ¥ Fca

BO3HUMKHET COPEBHOBaHUE JBYX MPOTHUBOIIOJIOXHBIX MporieccoB. OIUH TPOLIeCC TPUBEET K
TpaHc(opMaIi MaTepHaTN30BaHHOM SHEPryUH KO/IIeKTUBHOM O060/10ukH (06001éHHOM Macchl) B

MIPOCTPaHCTBEHHO-HeOonpe/e/IEHHYI0 a3y COOTBETCTBYIOLLET0 KO/UIMHEApPHOT0 BeKTOpa KaXK0M M3 UYaCTHUL]
I'ca Y I'ac. TIporjecc HampaB/ieH Ha yMeHbIIIeHHEe MOTeHIMa/IbHOW YHepruu 00001énHoi Macchl ¢
OJJHOBpPEMEHHbIM H3MeHeHHeM (yBe/MyeHreM — YMeHbIlIeHreM) SHeprUU KOJ/UITMHeapHbIX BEKTOPOB I'ca U

I'ac. I3meHeHue SHEPruu KOJIJIMHEAPHBIX BEKTOPOB MMPUBOAUT K AHUCIIPOMOPLUKWN MeXY YPOBHSMUA SHEPIUH.

Criocob ycTpaHeHHsl JUCTIPOTIOPIIUM — YCKOpeHHe (TOPMOXKEHHE) YaCTHLl. Y CKOpeHHe (TOPMOKeHHE), B



CBOIO OU€Pe/Ib, COTIPOBOXK/IAETCSI H3MEHEHHEM HePruM 3/1eMeHTapPHbIX PeIATHBUCTCKUX Macc

(9/1eMeHTapHBIX MarHUTHBIX BEKTOPOB) I'mca, I'mac, 3a c4ém yMeHbuUleHUs ducnponopyuu. B koHeyHOM
utore 000061IEéHHass Macca nepepacripe/ie/TuTCS B PeJIITUBUCTCKHE MacChl yacTui] A u C 1 Ux
OTHOCUTE/IbHbIe CKOPOCTH.

Pe3ynibTHpylOIMe HanpaB/ieHUs ABW)KEHUs YaCTull, UX CKOPOCTH U CymMMapHasi (COCTOUT U3
s7ieMeHTapHbIX Macc) pensiTuBUCTCKast Macca Kaxkaoi yactuifpl A u C OyayT onpefiesiaThCsl U3 pe3y/ibTaToB
BEKTOPHOI'0 C/I0’KeHHUsI UMITY/IbCOB YaCTHLI.

COOTHOLLIEHUSI MeXXy UMITYJIbCAMUA U KUHETUYEeCKUMH SHEPTrUsMM /11 IBYX UaCTHL] [0 U MOCIIe

CTOJIKHOBE€HHS NaBHO U3BECTHLI U TTOJTYUYW/IU TIPDAKTUYECKOE TTIOATBEPXXAEHHUE.

MV +Mo Ve =M, Vit M, Ve, (5)
M, Vi, Mc Ve, MyVie Mo,Ve (6)
aVar MciVer MarVar McaVer

2 2 2 2

3neck Mai, Mci, Vai, Ve — peIITUBUCTCKHUE MacChl M CKOPOCTH YacTvll A ¥ C 10 CTOJIKHOBEHUS.

3necb Mas, Mca, Vas, Vo — peIITUBUCTCKUE MacChl ¥ CKOPOCTH YacTul] A U C 110C/1e CTOJIKHOBEeHUSI.

[HeiicTBue KoieKTUBHONM OB0/I0UKY TIPOJJIUTCSI POBHO CTOJIBKO, CKOJTBKO HZET TIPOLiecc
riepepacripe/ie/ieHUsi BHyTPeHHeH YHePTruu MeXKy uactuijaMu. B MoMeHT, Korjja Ko/utektuBHasi O60o/10uka
y>Ke He MoJiyyaeT NpeuMyllecTBa Ha/l BHYTPEHHEeN SHepryvel 4aCTUL] U UCue3aeT, YaCTULIbI IPOJ0J/DKA0T

ABVOKEHUE KdXKad CO CBOUM HUMITYJ/IbCOM U KHUHETHUeCKOM BHQPFI/IEI‘/JI.

KOJIJII/IHeapHBIe BEKTOPLI APYTrUXx ocen CUMMETDUH, dHaJIOTUUHBIE BEKTOPY I'aB Y1 I'Ba, TaKXKe
N3MEHATCS ITPOIIOPIHUOHA/IBHO CTETIEHU COBIIdJE€HHSA CO CKOPOCTBIO V.

B kaXk/1011 0Cl CUMMeTPUX yCTaHOBUTCSI CKOPOCTb, CBsi3aHHAsi C OCHOBHOM CKOPOCTBIO uepe3 Cosq, U
CBOA 3/IEMEHTapHadA PeIATUBUCTCKAA Macca. le/lHul/Il'l (l)OpMPIpOBaHl/Iﬂ 3JIEMEHTapH0ﬁ Maccsbl
MNpoOUCX0aUT 110 OHpE}J[EJIéHHI)IM IMpaBW/IdM H HMe€ET K/IINYE€BO€ 3HaUE€HHE NJ/IA CYIL[eCTBOBAHUA
IIpupoabl B 11e/10M.

B kauectBe nosicHeHus. Umnyasc om uacmuybt C modcem 6bimb nepedax He mobko om Obonouku k Obonouke, HO U om
3apsda k Obonouke, 8cé 3agucum om mozo, mo npedcmasnsiem cobotl uacmuya C. ITycmb, Hanpumep, smo 6ydem Pomon. T1pu
osudiceHuu DomoHa e2o becKoOHeUHas NpoCMpPAaHCMBEHHO-HeOoNPpeoenEHHAS 2PaHUYA CyujeCmeeHHO cyicaemcsi 00 pasmepos
manoli obaacmu 0koo 0pa (0AuHa 80MHbL), 0bpasys ncegdo-0O6010uKy. Imo 06aacmb, KOMOPAsi NO-NPEHCHEMY A8AAemcs
npocmpaHcmeeHHO-HeonpedenéHHol, HO 8 amoli obaacmu ¢ Hauboblell 8epOIMHOCMBIO Cyujecmayem u e3aumodeticmayem
®omoH. Llenmpom ncesdo-O6010uUKU s18A5eMCs Mamepuanu308aHHas sHepaus Gomoma, e2o peasmusucmekas Macca. Ipu
83aumodelicmeuu domoua ¢ uacmuyeli kontekmugHylo O6o10uky obpazyrom ncegdo-Obonouka @omona u Obon0UKA Uacmuybl.
N umnyabc om @omona npoxooum uepe3 3apsio, ygeauuusasi HympeHHo0 sHepeuto yacmuybl A (UMNYAbC U KUHEMUYECKYHO

3Hepauro).

Cuna 2pasumayuu u umMny/abc
[Tocne Toro Kak 3akoHUM/ICS Tiporjecc B O60I0uKe, efiCTBHE TIEPEXOAUT B TIPOCTPAHCTRBO 3a eé

nipesiesiaMu, B 00/1aCTh CHJT TPaBUTALIUH.



B camoii npupoje UHTepBa/ioB NPOCTPAHCTBA 3a/I0)KEHO CBOVMCTBO TPHUTSDKeHHUS
MPOTHBOIMOJIOKHBIX MO 3apsAJy IMO/IOCOB YacTul (10 CBOel CyTH 3TO CBOWCTBO Tpe/CTaBjsieT 00O
3/IeKTPUUECKYIO CUJTy TIPUTSDKEeHUs], OTTalKMBaHUe BO3HUKaeT KaK 3arpeT Ha CylecTBOBaHUe [IBYX U Oosee
YacCTHI] B OZJHOM U TOM >Ke (pa30BOM COCTOSIHUM).

Macca yacTulibl, SIB/SIETCS IPOCTPAHCTBEHHO-0IPe/|e/IEHHBIM BbIpa’KeHHeM 3TOM SHepruu B
JeliCTBUTE/ILHOM MPOCTPAHCTBE U OTPa’kaeT OOy IHeprui0 MHTepBasia MPOCTPAHCTBa (He3aBUCHUMO OT

TOrO, B Kakoi (aze oHa HaxoguTcs). ITeaToMy B popmysie cUiibl IPUTSDKeHUsT Macca CTOUT B UHC/IMTeTe.

[lnvHaM KO/IJTMHeapHbIX BEKTOPOB F'ap, I'Ba, F'ca, F'ac Ha PUCYHKe 3 c/ieflyeT MOCTaBUTh B
COOTBETCTBUE PacCTOsIHME MeX/y yacThLiaMu. [IpocTpaHCTBeHHO-HeomnpejeéHHast COCTaB/ISOLLast
WuTepBasna npocTpaHcTBa (KOJ/IMHeapHbIN BeKTOP), UCXO0AA M3 NPUPoAbI VIHTepBaioB MPOCTPAHCTBa,
JAOJDKHA BeCTH cebst IPOTUBOTIONIOXKHBIM 00pa3oM, TO eCThb, CU/Ia TIPUTSDKEHUST [I0/DKHA PaCTH C
yMeHbIlIeHueM PacCTOsTHUS Mexxy yactuliamu. IloaTomy B ¢opmysie cuibl NpuTshKeHUsa Macca JJo/DKHa
CTOATH B UHC/IHMTe/Ie, a PacCTOsIHKMe I's4 B 3HAMeHaTeJ1e.

Ecimu mox Maccoit moHuMaTh He TOIbKO Maccy 1okost, Ho /o0yro apyryro Maccy (penssTUBUCTCKYIO,
CyMMapHY0, COCTOSIIYIO U3 HECKOJBKUX Macc) 1 0603HauuTh eé M, To GopMysia CH/IbI TIPUTSDKEHUST

OyZieT BBIT/IIJETh:

_M, 7)

ME)K'E[Y ABYMs YaCTHUIaMH, CBA3aHHBIMHK KOJ/IJIMHeAPHBIMU ITPOTHWBOIIO/I0KHO HAITpdB/I€HHBIMHA
BEKTOpAMH, AeﬁCTBy}OT CUJIbI TIPUTSDKEHUSA, KaXKasd U3 KOTOPLIX 'eHepUpyeTCd CBOeH qaCTI/I]_IEI‘;I. ’HeﬁCTBHe
3TUX CHWJI HalIpaBJ/IEHO TdK, YTO OHU B3dWUMHO YCW/IMBAIOT APYT APyTd, TO €CTh UX B3aI/IMO,I:[e1‘/JICTBI/Ie ABJIAETCS
CKa/IAPHBIM NPOM3BeJeHHEM /IByX KOJI/TMHeapHbIX TIPOTUBOITO/IOKHO HATPaB/IeHHbIX BEKTOPOB Fps 1 Fap.
B pe3yJ/ibTaTe OHU CO3[al0T T'PAaBUTALMOHHYI0 CU/Iy IPUTHA)KEHUSA, [IDUTATMBAIOIIYIO BCe YaCTHUIbI:

pM M@
'ea Tas

Hepe,anHbe/i YdCTHLe UMITYJIBC COIMMPOBOXAA€TCA POCTOM eé pEHﬂTI/IBI/ICTCKOﬁ Maccsl 1 CKOPOCTH.
OJHOBpeMeHHO € (hOPMHUPOBAHKEM HMITY/IbCa KUHETHUECKAsT SHEPTHs YaCTULIbI PACIIeI/IAeTCs
(auddepenumpyercs) B CH/IbI TPABUTALUHA 110 BCEM 0CIM CHMMETPHH, KOTOPbIE CBSI3bIBAIOT YACTHUITY CO
BCEMH YaCTHL[AMH, PaCIIo/I0KeHHLIMU B POCTPAHCTBE BIIEPe/I Mepe/] yacTuilei. 13 obiactu
HEMmoCpeaACTBEHHOI0 MTrHOBEHHOI'0 KOHTAKTA B3aI/IMO,I:[eI‘/JICTBI/Ie rnepexogunT B (ba3y paCHpeneﬂéHHOFO BO
BpeMeHH M MPOCTPAHCTBE Y/Ia/IEHHOT0 KOHTAKTa.

DjieMeHTapHasi FpPaBUTALIMOHHAst CUJIa B/OJIb KaXKJOM OCH CUMMETPHU (JOPMHUPYETCs: He3aBUCHMO OT
APYIrux ocent CUMMETPHH. Ho sTa He3aBUCUMOCTD r'PaBUTAlJMOHHBIX CUJT HE a6COfH'0THaH, X CBA3bIBAET
OrpaHMuYMBaeT 00IIMI YPOBEHb PACCesHHOM B MPOCTPAHCTBE MOTEeHIMaIbLHOK SHePIruH, paBHbIN
KHHETHYECKOH YHePruu, U 00U MMITY/IbC, OTIPe/ie/IsIeMbIi CKOPOCThI0. CKOPOCTh BMKEHUS BZOJTb
BCeX oceit CUMMEeTpUHU C HOHpaBKOI‘/JI Ha COSQx UaCTHLBI OJHd U Ta >Xe. CyMMapHy}O Maccy YaCTHLIbI
COCTaBJIAKOT 3/IEMEHTAPHBIE BEKTOPBI MAI'HUTHOI'O I10JI4, ITPX 3TOM Ka>K,q0f/i W3 HUX MMPUHAAJIEXXUT CBOel ocu

CUMMETPpHH. qaCTI/II_[a ABWKETCA KaK eJHHOe 11e/10e, HO C pa3HbIMH PeJIATUBUCTCKUMU Maccamu BO0OJIb



KaXK7ol ocu cumMmeTpud. U, Kak ciefyet U3 popmysbl (7), BeIMUMHA KayKJOU 37ieMeHTapHOM
PeIATUBUCTCKON Macchl 3aBUCUT B MOMEHT 00pa30BaHUsI B 0OpaTHOM MPOTOPLIUY OT JJIUHBI OCH
CUMMeTpUHU.

ViMny/1bC ¥ CH/IBI TPABUTALMH ABE CTOPOHBI €JHHOr0 Mpoijecca 00MeHa YHepruei Mexxay
yacturamu. VimMiysisc feiicTByeT B MOMEHT CTOJIKHOBeHHst O00/10ueK YaCTHI 10 TIPaBHU/IaM BEKTOPHBIX
orneparyii. Cujia TpaBUTALIMU CMEHSIET UMITYJIbC 3a rpefesiamyd O00/104€eK U MepeBOJUT YacTULy B 00/1aCTh
CKaJISIPHBIX BEKTOPHBIX Orepaliyii B KOHKPeTHOM MI0CKOCTH. [110cKOCTh 06pa3yeTcst MexKy CKOPOCTbIO
YaCTHULIbI, TOTYYUBILIEH UMITYJIbC, U OCbH0 CUMMETPHH, CBsI3bIBalOLLel eé ¢ Apyroi uactulieil. Yucao Takux
TJIOCKOCTEN paBHO UMCJTy YaCTHUL], PaCloI0KeHHBIX Tepes ABKKYILeHCsl YacTULIeH.

KuHeTHueckas 3Heprusi 1 UMIyJIbC B 00/1aCTH HeNoCPeACTBEHHOr0 KOHTAKTa CO3/al0T
Hayva/IbHble YC/IOBMA U CWIbI TPaBUTALMH Ilepej YacTULed, KOTOPBIM NnepejalT KOHTPOJIb U
ynpaB/ieHHe ABI)KeHHeM YacTHIbI B 00/1aCTH y/{a/IEHHOT0, ONIOCPe0BAHHOI0 KOHTAaKTa. Kak craHer
SICHO Jiajiee, TPUYMHOM «KPACHOTO CMellleHUsI» SIB/ISIOTCS CUCTeMHbIe, peryJ/isipHble, 3aKOHOMepHbIe TIoTepy
B 3TOM 00/1aCTH, TIPeATIOCHUTKH KOTOPBIX (Haua/lbHbIe YC/IOBUS) yrKe 3a/I0KeHbI B MOMEHT ()OpMHPOBaHHA
rpaBUTalliOHHBIX CHJI.

CyMMapHO BCe CHJIbI FPaBUTALIMKM TI0 BCEM IIJIOCKOCTSIM (BCeM HarpaB/IeHUsIM), UMesl pPa3HbIil
yPOBeHb, TeM He MeHee, CO3/jaf0T OO rPaBUTALJMOHHBINA ()OH, KOTOPBIN 3aCTaB/IsIeT YaCTHULY JBUTAThCS
BITepéf,.

Onepauyst AvddepeHLIMPOBaHUS [T03BOJISIET OJHOMOMEHTHbIM (hopMaT KMHEeTUUYeCKOM SHepruu B
00béMe TIepeBeCTH B PacTsHYThIN BO BpeMeHHU U IIPOCTPaHCTBe opMaT SHepPriuu Ha MI0CKOCTH:
©)

mv? _ dv

r

\% dv dt=de—V:

d Vdt=F dS=dA
dt dt

m

O/THOMOMEHTHBIH aKT repefaurt SHeprur B O00/10UKe MPEeBPATH/ICS B CYMMY 3/IeMeHTapHBIX
KBAHTOB HEPIrUHM 3a eé rpejie/iamMH.

HMmnynbc onpepesisieT HanpaB/ieHUe U 001U YPOBeHb MOTeHIHA/IbHOM SHepruM (B BUJe
0011[ell pelSTUBUCTCKOM Macchl, U, COOTBeTCTBEHHO, CHJI TPABUTALIMH) B 3TOM HaNpaBJ/IeHUH, a CUJIbI
rpaBUTaLl|, paccesiHHbIE B MPOCTPAHCTBeE, NMOA/eP)KMBAI0T YCKOPEHHOE /IBI)KEHHE B 3TOM
HamnpaBJ/IeHUH.

HIMeHHO B 3TOM 3aK/IF0YaeTCsl Po/ib TPaBUTALMOHHBIX CHJI, @ BOBCEe He B TOM, UT00BI C03/|laBaTh
«4JepHbIe JbIPbI», «I0)KHUPaTe/Id MaTepUum».

JIBI>KeHHMe 4YacTHl] B MPOCTPAHCTBE MO/ eP)XNBaeT He MMITYJ/IbC, KOTOPbIN NMpeKpaTu/1 CBOé
CyLleCTBOBaHMe M0C/Ie CTO/IKHOBEeHHS, a JUCOa/IaHC CHJT IPUTSDKEHUS.

[TpriMeHUTENBHO K TeMe U3/0XKeHUs], CyllleCTBeHHO, UTO B0/b KOHKPETHOW OCU CUMMETPUU

PeIATUBUCTCKadA Macca MmoxeT MPUHIUITMA/IBHO OT/IMYaTbCA OT OCHOBHOI'O (CYMMapHOFO) 3HAaUeHMHs.



ITepuoduueckuti npoyecc 8 pasumayuu

B onpenenéHHbIl MOMEHT cBOero pa3BuTHs [Iprpoja CToNKHy/1ack C TeM, UTO pa3HULIa MeXAy
YPOBHSMHU 5HEepPIryy B CUCTeMe CBSI3aHHBIX YaCTUL] MOXKeT JOCTUTHYTb KPUTUUECKHUX 3HaUeHUH, U 3TO MOXKeT
NIPYUBECTU K pa3pylLlLeHUI0 CUCTEMBI.

YToObI yCTPaHUTD 3Ty omacHOCTH [Ipupoa BeiOpana MexaHHW3M TiepeJjaul SHepTyUH He B UMCTOM
BU/Ie, 2 OAMHAKOBBIMH NMOPLMAMH B opMe KBaHTa JelicTBust h= Et=const (3To reHUasbHOE TIpeIBUIeHe
npuHaznexxuT Makcy [lnanky, 1900 r.). 31eck ypoBeHb 3HEPIMH HaXOJUTCS BO B3aUMOCBSI3aHHOM
COCTOSHUM C eé BpeMeHeM nepeziaun. 1o/ sHeprueii MOHUMaeTCsl KWHeTUdecKasl SHepruss E=m 'V~ - 3Heprus
B 00BbéMe (KO3 duiieHT 1/2 OT KWHeTHUECKOM SHepTryU B HESIBHOM BH7le BXOJUT B KOHCTAHTY), HO He
umiysibc P=mC, mnpeacraBssitomyii cob0ii 3HEPrHI0 Ha MIOCKOCTH.

Bcnep 3a aTum, Kak ciefcTBUe npeAblayliero 1mara, [Ipupoga caenana ewjé oauH
¢byHgameHTanbHbll 1iar. [lepegaua sHepruu nopLusaMu co3zana 3¢ ¢ekT nepuoAuYecKoro UsSMeHeH!s
cocrosHuA (¢a3bl) uacTulipl [6] mpu nepemeltieHry. B cocTosiHiy AKTUBALMU YaCTULA CTAHOBUTCS
OTKPBITOM /1J151 B3aUMOZeCTBUM C APYTMMU YacTuLaMu. MomeHT AKTUBaLMM cMeHsieTcsl ¢pa3or 3axBara. B
3TOM COCTOSIHMY YacCTHLia, IPONOPLIMOHAILHO SHEPIrMH 0AHOr0 KBAHTa /JeHCTBHA, 3aXBayeHa I1poLecCoM
V3MeHeHHs1 CBOUX [apaMeTpOoB (CHJI FpaBUTALIMK, PAcllo/IOKeHUe B IPOCTPAHCTBe, U T.A.), B ¢dase 3axBara
YyacTHLa He MOXKeT BCTYTaThb BO B3aUMOZEHCTBYE C APYTYMH UaCTHLIAMH, TO eCTh He MOXKET ObITh
oOHapyKuMa.

ITosiB/IeHUe NepHOUYECKOro NMpoLecca akTUBUPOBA/Io TaKOHM napamMeTp, kKak Bpewms,
«CNIPATAaHHBIN» B KBAHT JeicTBUsA. BpeMsi CcTaso akTUBHO y4acTBOBaTh BO BCeX MpoLieccax.

dusnuecknii MUp CTaj rpecTaBisTh COO0M TpEXMepHOe reoMeTpUYecKoe TIPOCTPaHCTBO
B3aMMOCBSI3aHHBIX 00BEKTOB (6€3 pa3phIBOB U MIOCTOPOHHUX BKJ/IFOUEHHIA, B TOM YHCJIE U TTYCTOTENbIX), C
Her3MeHsieMOl BeJIMUMHOM KOMMYeCTBa JBWKeHHUs (He MeeT BO3MOKHOCTH OeCKOHEUHO yMeHbIIAThCs UH
yBeJIMYMBaThHCS B CBOMX MlapameTpax), He UMeloliee rpaHuLibl. Kpome Toro, MeeT MexaHu3M,
COXPaHSIIOLMI ero OT OMAaCHBIX, pa3pyLIMTebHbIX SHePreTHUeCKUX IpoLeccoB (rmocrtosiHHas I1naHka),
J00aBUBILIMI TaKOM rMapaMeTp, Kak /AJUTeNbHOCTDb CyL[eCTBOBaHUS (BpeMsi). DTOMY MUPY [I0/DKHA
COOTBETCTBOBaTh CBOSI MaTeMaTHKa, 1, BEPOSTHO, OHA eCTb.

TaxkuMm o6pa3oM, [BIKeHHe B POCTPAHCTBE SIBISIETCS MEePUOANYECKHM TPOLIECCOM TT00YePEIHOM
cMeHHI (pa3bl 3axBarta U (a3bl AKTHBaLUM. B Kiaccryeckoit ¢pusuke nepuof Mexzay (azaMy COOTBETCTBYET
TIOHATHIO «JJIMHA BOJIHbI». HO B OT/IMUMe OT K/1acCuyecKor (PU3UKU TUIIOTETUYECKUI TIPOLIECC He SIBJISIeTCS
BOJIHOBBIM, a SIB/ISI€TCS IePUOAUYECKUM; 1 CONIPOBOJKAeT KakK BKeHre DOTOHOB, Tak U [IBM)KeHHe YaCTHUL]
¢ Maccoii nokosi. UYepegoBanue (a3 3axBaT U AKTUBALIMM OTMIUCHIBAETCsI BOJIHOU Jie bpolins (BecbMa yjauHO
Y KCTaTH BBE/IEHO B TEOPUIO TallaHT/IMBBIM (pr3uKoM e bpoiiiem B 1923 1.).

oh o

3nech P - ummnysibc, h - nocrostHHast I1naHKa.



OTOT (pU3MUeCKUil CMBIC/T BOJIHBI Jle Bpoiinisi B runoTe3e HeCKOIbKO OT/INYaeTCsl OT KIacCUUecKoro
TIOHUMaHWs (TUIOTHOCTb BEPOSITHOCTH), HO He TIPOTUBOPEUUT OOILENPUHATOMY CMBIC/TY, U OTTUCHIBAeT
sIBJIEHNe C [JPYTOM CTOPOHBI.

YactryHo rpobieMa yCTOMYMBOCTH CHCTEMbI B3aUMOCBSI3aHHBIX yacTHl] [1puposioii Obiia pertieHa.
Ho Bo3HuKaet Boripoc, Kak [Ipupoga permia mpo6ieMy HadaAbHBIX TAPaMeTPOB YAaCTHIIBI M0
OTHOIIEHUI0 K KOHKPEeTHBIM HamnpaB/IeHUsAM (CBsI35IM, OCSIM CIMMeTpyun)? [171s1 3Toro Bcé ObILJI0 TOTOBO:
CJIO’KHAs! CTPYKTYpa YaCTHUL| U KOJI/IMHeapHble CBS3U.

O/MHaKOBbIe SHepreTUYecKye MpoLecChl, r/je ObI OHM MPOCTPAHCTBEHHO He HAXOAH/IHCh,
nepesjaroT YacTvlle 0JJMHAKOBYI0 KHHETHUYECKYH0 JHePruI0 - 3TOT Te3UC OUHAKOB U B KJIaCCUYEeCKOU
¢u3svke u B runotese. [lajsiee HAUMHAIOTCS pa3IUUMS.

B knaccruyeckoit pusMKe yacTuLja, M0Jy4YMBIlas B HEKOTOPOM MpoLiecce UMITYJ/IbC U KUHETUUEeCKYHO
SHepruIo, repemMeljaeTcsl B IPOCTPAHCTBE 110 UHEPLIMY, He MeHssl CBOKO 3Hepruto. [103ToMy yacTuija 10/pkHa
TIPWIETEeTh B PETMICTPATOP € TOM )Ke KHHeTHYeCKOH YHepruei, Kak Obl la/ieKo perucTpaTop He HaXO/UJICS.
Cwsibl TPaBUTALIMK B PacU€T He OepyTcsi. YacTrija BOCIIPUHUMAETCS Kak einHoe 1ieioe. HayambHbIMH
napaMeTpaMu AB/IAITCA Macca M CKOpPOCTb, KOTOPbIe SIBJIIFOTCSI KOHKPETHBIMU U ONpefle/IEHHBIMU.

B rumnorese nporjecc reseparum Co3zaéT AUCIPONOPLIMIO0 MEXY KOJI/ITMHeapHbIMUA BeKTOPaMH.
Crniocob ycTpaHeHHs IUCTIPOTIOPLIMK 3TO YCKOPeHHe YacTHLIbI (YMeHbIIIeHHe [/THHbBI KOJTMHeapHOT O
BEKTOpa). Y CKOpeHHe CONPOBOJKAAeTCs YBeIMueHHeM SHepPruu 3/1leMeHTapHOI0 MarHUTHOTO BeKTOpa
(snemeHTapHOM Maccel) Kax/j0l KOHKPeTHOM OCH CUMMeTpPUH. Y CKOpeHHe [IJIs1 BCeX 3/leMeHTapHbIX Macc
pas3Hoe (yuuTbIBasi IOMpPaBKY Ha CTelleHb COBIA/leHUs C HarlpaBieHueM CKopocTH). Kpome Toro, npu
TeHJeHL[UH 00IIIero pocTa 3/1eMeHTapHbIX Macc cTereHb WX POCTa B KOHKPETHOM OCH CHMMeTPHH 3aBHCHT,
TJIaBHBIM 00pa3oM, B 00paTHOM CTeneHH OT JIMHBI 0CH CHMMETPHH (3TO cyieiyeT U3 GOpMYyJIbl CHJIBI
npuTsDKeHus (7)). YBenuuatcs Bce s/1eMeHTapHble Macchbl, HO MAaKCMMa/IbHO YBeJTHUMTCA 3/IeMeHTapHble
Maccsl BAO/Ib TeX 0cell CHMMeTPHH, KOTOPbIe KOpoue APYTrux.

CyMmMapHo pensiTUBHCTCKasAa Macca yacTHLbI OTpaHH4YeHa CBepXy U paBHa TOM ke BeIMYMHe,
KOTOpasi pacCUuThIBaeTcs no opmynam kiaccuueckou ¢pusuku (Macca B 0011[eM UMIyJibce).

BMecre c nporjeccom pocta o61ieii pesTUBUCTCKON Macchl ¥ CKOPOCTH B MOMEHT T'eHepaliiu
MIPOMCXOJUT MpoLecc AudQepeHIIPOBaHUS KUHETUYeCKOM SHepruM YacTULbl 110 0csiM cUMMeTpuu. [Tocie
reHepaliyiy pe3y/bTaT NPEACTaBIsIeT coO00i Ppacnpe/je/IéHHYI0 B IPOCTPAHCTBE MOTeHIHATbHYI0
3Hepruo (B BU/le B3aMMOCBS3aHHOW CUCTeMbI CHJ/I FPaBUTALIMY) H OTHOCUTE/ILHO CAaMOCTOATe/IbHbIe
OTpe3KHU MyTH (0CH CUMMETPHH), Ha KOTOPBIX MMOPLUSIMU [TPOUCXOJUT U3MeHeHHue 3Hepruu (9).
CnepoBare/ibHO, HAYQ/IbHBIMHU NTapamMeTpaMu 3a O6o0si0ukoii cyieiyet cuntaTh Cuity rpaBuranuu F u
BOJIHY jie Bpoiasa \. HauanbHble 3HaueHus BoJHEbI e bporing u Cuiibl rpaBUTaL{y B3aMO3aBUCHMBI, X
CBsI3bIBaeT OJHO U TO JKe 3HaueHHe Maccel yckopsieMoM yacTuLipl. OueBU/IHBIM SIBJISIETCS BBIBOJ, UTO
Haua/jbHOe 3HaueHHe BOJIHbI Jle bpoling npu Br)KeHNWH YacTULIbl B FPaBUTALIMOHHOM I10J1e, KOTOpOe
COIPOBOXX/IA€TCSI POCTOM PeJIITUBUCTCKOM Macchl M CKOPOCTH, MOXET CYILIeCTBeHHO OT/INYaThCs OT

3HaueHuii B KOHLIEe ITyTH. OTO Ke oTHOCHUTCS U K PoToHaM.



OO6mwmii BeIBOZ cienyromuii. Ha KoHIjax Bcex oceli CMMMeTpUH, G/TM3K0 COBIAZIAIONIUX C
HarpaB/IeHHEM CKOPOCTH, Oy/IyT pacIioyiaraTthCsi pa3Hbie TI0 YPOBHIO 3/IeMEHTapHbIE PeJIITUBUCTCKHE
Maccel, cocTaBstoIue 001yr0 Maccy yacTuijpl. Bcé 3aBUCHT OT AyTUHBI OCH cMMeTpuH. Cpeau HUX
OyAyT ¥ MakKCMMasbHO OOJIbIIIEe U MaKCHMa/IbHO MajleHbK/e YPOBHH PeSITUBUCTCKON Maccel. Cnenyer
3aMeTHUTh, UTO 0OHAPY>KUTh 3TO Ha OIBITE HEBO3MOJKHO, TaK KaK PETUCTPATOP BHOCUT U3MEHEHHSI.

Ecim vactueld, n3ydyaemMol reHepaTopoM sisieTcsi @oToH, To BCé npoitie. POTOHbI OT/IMYAOTCS OT

YaCTHULl OTCYTCTBHEM Macchbl 1okosi. 3To 0O3HaudeT, YTO peJIATUBHUCTCKAsA Macca ®oToHa, npeacTraB/JIeHHadA

3/1eMeHTapHbIMU BeKTOPaMHW MarHUTHOM COCTAaBJISIFOLLEN Iy , pacrioio)KeHa OPTOTOHAIbHO CKOPOCTH U
BMeCTe C HarpaB/ieHUeM JIBI)KeHUsI COCTaBJisieT TVIOCKOCTh nossipu3aliyu. Pacnipoctpassietcsi @OTOH B BU/e
Jy4a B y3Koi 00671aCTH OKOJIO OCH cuMMeTpuH [7]. B Havasie rmyTu 3TO IIKMPOKUiA yiyu (6osbluast A11MHa
BOJIHBI), 3aTeM, Ha0paB 10 MyTH SHEPryio, 00/1aCTh Jyya yMeHbLIAThCS (JJIMHA BOTHBI CTAHOBUTCS
MeHbI11e). Besi sHeprusi ckoHIleHTprupoBaHa B 00macTu myda. Cesi3au ©OTOHA € yaCTUIIAMH BHE Jiyua
BBIPOJK/€HHBIe (B OT/IMUMe OT YacTull ¢ Maccoi).

3TO 03HauaeT, UTO B OT/IMUME OT YacTul], r/ie obias Macca npezcraBsieT coO0 CrieKTp
3/1IeMeHTapHBIX PeIITUBUCTCKUX Macc, B OTOHHOM H3/1yueHHU HabsrofiaeTcsi crieKTp ©OTOHOB, C pa3HOM
HaualbHOU 3Heprueil. Y C/I0BHO, Kax/asi 0Cb CUMMeTpUM (opMupyeT cBoii POTOH CO CBOel HauaabHOM
pesIITUBUCTCKOM Maccoii 4, COOTBeTCTBEHHO, BOJIHOM Jie Bpoiins (ocTanbHble pesisiTUBUCTCKUEe Macchl
BBIPOJKZeHHbIe). Takol BbIBOJ, KayKeTCsl Heo)KulaHHbIM. HO IMeHHO 3TOT BLIBO/], 3alL{UILIEH OT KPUTHUKU TeM
o6cTosATeILCTBOM, UTO Hab/MIOaTe b, /Jake pacIioyioXKeHHbIH psifloM C NUCTOUHMKOM DOTOHOB, He
¢ukcupyetr ®OTOHBI, JeTAIMIME K y/1alEHHBIM JJIeKTPOHaM T10 HalpaB/IeHUsIM, MUHYIOIIX TTPUOOPHI
Habmogaresns. HabsroaTestb MOXKET TOBKO MPeTIosiaraTh, HO TIPeTNOIOKeHe He SBIISIeTCS
Jl0Ka3aTenbCTBOM U UCTHHOW. HabmozaTesns GUKCUpyeT TOMBKO TO, UTO TOTAasio Ha ero Mpubopkl, 1 HUYero
He MOXXeT CKa3aTb B OTHOLLEHWU JPyTryX B3auMO/eCTBUM.

[TosTomy DoTOHBI cZlenany 3p@eKT KpacCHOro CMelLeHrsl BUJUMbIM. HacTULbl He MOTYT JjaTh TaKoi
SIPKOM KapTHHBI.

Ha pucyHKe 4 moKa3aHbl KaueCTBeHHbIe pe3y/ibTaThl ABWKeHUss POTOHOB (M JI0OBIX IPYTUX YaCTHLL)
B I'PaBUTAL[IOHHOM II0JI€.

Kaxziplii MpSIMOYTO/IbHUK YCJIOBHO pPaBeH KBaHTY JielicTBuUs (mocTosiHHOM Ilnanka). [Tnomazau Bcex
NpsSIMOYTOJIbHMKOB PaBHBI. B pamKax oHOM eJUHUL{bI TOCTOSIHHOM [1/1aHKa BpeMsi repeiaul COOTBETCTBYET
OCHOBAHHIO TIPSIMOYTOJIbHUKA, a BHICOTA COOTBETCTBYeT dHepruu. [1oka3aHo, UTO Ka)K/bIi KBaHT [leHCTBUS,
JN00aBUBIIMI SHEPTHI0 yacTulle (KpacHas JMHMS), TIOJHUMaeT eé oOImwmii ypoBeHb 3Hepruvd. C pocToM
o01ero ypoBHsS SHEpPruM CKOPOCTh Tiepefiaud TOCTeAYIOIIero akTa YBeJUuuTCs (BpeMmsi Tepefaud

y'MeHLH_IaETCH), U K KOHLY 1nepefadurt JOCTUTHET MAKCUMaJ/IbHOI'O 3HAUYEHMUH.

E

P1

P2

P3




p3

L3 L2 L1

Pucynok 4

YpoBuu pl, p2, p3 - Hava/bHbIE apaMeTpbl C KOTOpbIMU POTOH HauvHaeT ABUraTbCsl K MeCTy
CTOJIKHOBEHHMS C JIpyrod yacturei B perucrpatope (och E), orcrosiuel Ha paccrosauu L1, L2, L3. PasHas
gmvHa L1 — L3 yc/10BHO COOTBETCTBYeT pa3HbIM PACCTOSIHUSIM OT reHepatopa POTOHOB /0 perucrparopa.
Cuna rpaButaiuu @otoHa Ha pacctosiHud L1 6onblite, yem Cusia rpaButaiiuv PotoHa Ha pacctosiHun L2.

P1, P2, P3 — 1OCTUrHYThbIe YDOBHU SHEPTMU B MOMEHT CTOJIKHOBeHHs1 POTOHA C YaCTULIEH.

LiBeTHbIe rpavKy MOKa3bIBalOT pOCT 3Hepruu PoToHA B rPaBUTALIMOHHOM I10JIe.

Ha rpajduke nokasaHo, 4To y/ja/iéHHbII 0T perucrpaTopa @oTOH HAYHET /IBUKeHHe C
MEeHBIIIMM Havya/IbHbIM YPOBHEM Hepruu, ueM MoToH, pacnoio)keHHbIN 0/1iKe K perucrparopy. B
YC/IOBHUSIX CyLLIeCTBEHHOU HeTMHEMHOCTHU POCTA SHEPruM B 3aBUCMMOCTH OT YAA/IEHHOCTH, YAa/IEHHBIN
@DOTOH JOCTUTHET PETUCTPATOPa C MEHBIIIUM YPOBHEM Hepruu, yeM M oToH, Pacro/i0>KeHHbIH O/THKe
K perucrparopy.

OueBH/IHO, UeM /Ja/IbIIIe PACIIO/I0XKeH U3/IydaTe/ib, TeM 00JIblle Pa3pbIB MEXAY 0XKHUAaeMbIM
3HaueHueM >Heprum PoToHA M ero peajbHOU Hepruen B perucrparope. B 3Tom u 3ak/irouaercs
3¢ deKT «<KpaCcHOT0 CMeIeHHs».

¢ dexT cucTeMHBIH, 3aBUCUT TO/ILKO OT PAaCCTOSIHUA MEX/y U3/TyuyaTe/ieM U PerucTpaTopom.
Ero Bno/iHe M0)XKHO HCI0/1Ib30BaTh //isl ONpeje/eHUsl ralakKTHUeCKUX PacCTOSTHUIM.

Ha rpaduke 3To okasaHO JTMHUSIMU pa3HbIX 1[BeTOB. Maibiii ypOBeHb CUJI TPaBUTALIUU JiefiaeT 3TOT
3¢ dekT HaO/MOZaEMBIM TOJTBKO Ha OOMBIIMX PacCTOSIHUAX. Ha Iy TH ciefioBaHus 3TH rapameTphl OyayT
MeHSIThCsI Helpe/icKa3yeMbIM 00pa3oM 13-3a 6eCKOHEUHOT0 UKc/Ia B3auMOZeHCTBII Mexy yactuijamu. Ho
TIPY 3TOM Ka’KZbIii Haua/IbHbIHM MapaMeTp 0yAeT TaKuUM, KOTODBIH, MO3BO/IMT B KOHIIe ITyTH HA MOMEHT
CTO/IKHOBEHHsI HaKOTTUTh Ty SHepruto (b6arosjapst CuiaM NPUTSKEHUS] U UX POCTY TP IBM)KEHHUH YaCTULIBI
B TIPOCTPAHCTBE), KOTOpast OyZieT /ML B HEKOTOPOH CTeNeH!H COOTBETCTBOBATH MOTyYeHHOMY
HUMIIYJ/IbCY.

MexaHr3M (opMUpOBaHUs HauaabHbIX TAPAMETPOB OLIEHWBAaeT pe3y/bTaT KaKJoro 1iara,
COOTBETCTBEHHO Tepepacrpe/ie/isitoTCs CH/Ibl TPaBUTALUU (BIIOTh [0 X BO3MOXKHOT'O MNCYE3HOBEHUS).
[TpoucxoauT 3TO B MHIMOM TIPOCTPAHCTBE U CO CKOPOCTHIO 00JTbIIIe CKOPOCTH CBeTa. KaxkzbIii 1mar
03HauaeT, YTO SHEepPrusi CUJI IPaBUTAL|MM Y YaCTHL], OCTaBLIMXCS C3a[y JABWKYILENCS YaCTULIbI, ITepesaéTcs
yacTvLaM BIiepe/y niepe] ABWXKYyIlelics yactvleli. Ilepepacnpe/iesienue siBsieTCs rJIaBHBIM HCTOUHHKOM
nocrosinHou II1aHKa 1 pocTa CWI TpaBUTAL[UM B HampaBieHnH ckopoctd PotoHa. Takum 06pa3oM, 3aKoH

COXpaHeHHs JHePTUU He HapymaeTcs. 113 6eCKOHEUHOTO MHOXKECTBA BO3MOXKHBIX PEIlIeHUH pe3y/IbTaT



BBIOMPAETCsA TAKOH, KOTOPBIH Pa3peliéH B /1eliCTBUTE/IbHOM MPOCTPAHCTBe. SIPKUM HarIsiJHbIM
NIPYMepPOM [IeMCTBHUSI TAKOTO MeXaHU3Ma sIBJIsieTCst MHTepdepeHLvs [6]

OueBHIHO, UTO pacnpe/e/1éHHasA B MpocTpaHcTBe Cuila rpaBUTALIMU JI0/DKHA OBITH BCerza
Oosbiie, uem Cuila rpaBUTAMH B/I0/Ib KOHKPETHOM 0CH CHMMETPHH, /Ia’Ke eC/TM OHa COBIAaJiaeT ¢
BEKTOPOM CKOPOCTH, ¥ [ia)Ke, eC/TM PerCTpaTop HaXOAUTCs BO/IM3M reHepaTopa. JTO 0O3HauaeT, HUKOT/a
YacTHlla He JOCTUTHET B 110Jie TPaBUTAL[MOHHBIX CUJT TOTO 3HaUeHHsl SHepryu, KOTOpoe TeHepaTop repejjasi
npoctpaHcTBy! KoHeuHoe MakcuMarnbHOe 3HaueHre CHbl rpaBUTAlMK OyJieT ZOCTUTHYTO TOJBKO B MOMEHT
CTOJIKHOBEHMSI C YaCTHILIeH Ha JPYroM KOHIle OCU CUMMeTpUH. [Ipu 3TOM MakKCUMasibHOe 3HaueHue, He
Oyaet 0oJibIie 001eli MOTeHIA/IbHOH YHEPIriH, KOTOPYIO paccesii B MPOCTPAHCTBe Nepej YacTHIeH
HEKHH TpoLecc, Aaxe, eC/IM YaCTHLA JBIKETCS 110 BBIOpaHHOMY HarpaB/IeHUIO, He BCTpeYyaeT
TIPeMSITCTBUM, Ha Ka)X/[0OM CBOEM II1are mojiydaeT 3Hepruio B (popme KBaHTa AeiictBus h u JyivHa
Ka)k/IOT0 111ara oripeZiesieHa BOIHOM Jie Bpoiins .

7151 oripeiesieHUsi pacCTOSIHUS [0 Ya/IEHHOTO 00beKTa 1o KpaCHOMY CMeIIeHHI0 MOYKHO
BOCTIO/Tb30BaThCs1 U3BECTHOU (popmy o

E=hv (11)

I'me v=1/T — ckonbko nieprooB T BoJHbI 1e Bpoiiis yK/iagpiBaeTcst B e JUHUUYHOM BPEMEHHOM
npoMexxyTke. E — KuHeTHuecKasi SHeprus (He UMITY/IbC). B 9T0i hopMysie yTBepK/IaeTCsl, UTO IHEPrus
YacTULbI B TPaBUTALMOHHOM I10/1e MeHsIeTCsl KBAHTAMH, M MX KOJIHUeCTBO V omnpe/ie/seT
HAKONMBIIYIOCA B YaCTHLe SHEPrHio.

dopmysia BecbMa MpUO/IM3UTE/IbHAA, YUUTHIBAeT TOJILKO BPeMsi B MOC/IeHIOI ceKyHy. CKOBKO
BpPEMEeHHU /10 3TOr0 MOMEHTA YaCTHIla JBUTaaach B IPOCTPAHCTBE, OCTA/I0Ch HEYUTeHHBIM, COOTBETCTBEHHO,
HEeYUYTEHHOMW OKa3asach U HaKOIJIeHHasl Pe/IITUBUCTCKas SHeprusi. He yureHo HauasibHOe 3HauUeHHe
pensituBucTcko Maccol @otoHa. Kpome Toro, popmMysia He oTpaskaeT JMHaMUKY U3MeHeHUs SHEePTUU C
pocTOM pensSTUBUCTCKON Maccel. TeM He MeHee, UTO KacaeTcsi 3HePruH, To 3Ta opmyJia 6/M3Ka K UCTHHE,
TaK KaK OCHOBHYIO HEPTHI0, KaK 3TO M0Ka3aHo Ha rpadrke pUCyHKa 4, yacTuila HabupaeT B KOHLIE Ty TH.
Tem Gosnee 310 oTHOCKTCS K POTOHY, KOTOPBIH TIPOJIeTaeT 3a O/IHY CeKyH/y HeBoOOpa3uMo OrpOMHOe
paccTosiHue.

B ycnoBusix JefcTBYSI TPaBUTAL[MOHHBIX CUJ rpor3BefieHre Cusibl F Ha MyTh S sBJSIETCS
BBIDOKEHHEM /151 SHepruu B poctpaHcTBe dA =FdS. Bech MyTh, 10 KOTOPOMY JIBMKETCSI UAaCTHIIA, COCTOUT
M3 MUHUMAa/IbHBIX OTPe3KOB, PaBHBIX /I/IMHE, BOJHBI /le bpotins, ciefoBaTesibHO, 31eMeHTapHast paboTa
Oymet paBHa A A=FA,

Ha BcéM myTH S B/I0/Tb OCH CUMMETPHUH UKCJIO TaKMX aKTOB Oy/ieT paBHO S/ A, I03TOMY MOXKHO
3ammcaTh Apyryro GopMysy pacuéta SHepPruu:

T A

Ba)kHo, uTo 3Ta opMysia COAEP>KUT PACCTOSTHUE /10 U3/TydaTesisi, U COOTBETCTBYET (hPU3UUECKOMY
CMBICJTy, HO OHa Tak)Ke He TouHa. [ToMrMO Bcex HeZIoCTaTKOB, MpUCYIIUX (Gopmyiie (11), 3HaueHws,

TIOJTyYeHHbIe TI0 3TOH opMysie, MOTYT OKa3aThCsl 00JIbIlle peaslbHO M3MePeHHBIX 3HaueHU. [Ipexe Bcero,



3TO CBSI3aHO C T€M, UTO B KaueCTBe JIJTUHBI BOJIHBI (a TakxkKe repuo/ia) 6epéTcs eé 3HaueHHe B KOHIIE My TH, TO

eCTb MaKCUMaJIbHO KOPOTKOe 3HaueHue. Ha camom fiesie ipumepHo 80% 1yTH (Cy/ist 110 rpaduKy pucyHKa 4)

YaCTHLld ABWXKETCA C ropa3jo (31e)1 811 (37 ,E[J'II/IHOI‘/JI BOJIHEBI, TO €CTb 06H_[ee YMCJIO BOJIH Ha BCEM MyTH OOJ/IXKHO

OBbITH OLyTUMO MeHbIIUM. [IpobsiemMa cloXKHas1, U eIé TpeOyeT yCuinii PU3NKOB — TEOPETUKOB U

MdTeéMdTHKOB.

3akaueHue

SABnenue «KpPACHOT'O CMeIIeHUA», KaK IdpaoKC, eCTb C/ieJCTBUE MHUPOBO33DEHUECKHUX AOI'MATOB,

CYIECTBYIOIIMX B (yHIaMeHTabHOU (pU3KMKe, U He NCUe3HYBIIUX JlaXke U3 00/1aCTH KBAHTOBOW MEXaHUKH.

Kpowme Toro, HeraTvBHY0 poJib Chirpajia U3/UIIHe aKTUBHasl, LIMPOKasl TMo//ep)KKa KpaCUBOU, HO, KaK

0Ka3aJioCh, TYIMKOBOM MOJIe/IN «ICKPUB/IEHHOTO NTPOCTPAaHCTBA — BpeMeHW», KOTOpasi He 103BoJIsi/a

Pa3BUBATLCA a/IbTEPDHATUBHLIM I'MIIOTE€3adM.

YToObl 00BSICHUTH «KpacHOe CMellleHre» C/ielyeT MPUHSATh C/IeyIolie MUPOBO33peHUYeCKHe

YTBEpXAEeHWsA, HEKOTOPbIE M3 KOTOPLIX CYIECTBEHHO OT/IMYAIOTCA OT KIaCCUUECKHX TIOHATHUM U CMBICJIOB.

1.

OOBSICHUTD «KpacHOe CMelljeHHe» BO3MOXKHO, eC/TY TIPUHSTh BO BHUMaHHE TUIIOTETUYECKYIO0 CTPYKTYPY
YaCTHL], CBS3aHHBIX KOJUTMHEAPHBIMU CBSI35IMH, 00Pa3yIOIUMU OCH CHMMETPHH.

KaxzoMy HampaB/ieHHMI0O OCU CUMMETPHMU COOTBETCTBYET CBOsl, He3aBucumas OT Jpyrux Cuna
rpaBUTalLlMy, CO CBOMM 3HaueHHeM Haua/lbHbIX 1apaMeTpPOB JIBWKYILeCsl YaCTHULIbI.

B obmactu OO6OM0UKM [eMCTBYeT HMITYyJbC TI0 TpaBW/IaM BeKTOPHBIX OIleparyi, 3a MpefAenaMu
O6osouku ero cMmeHsier Cusla TpaBUTALMK, AeHCTBYIOILasi 10 MPaBUIaM CKaJISIpHBIX orepauyii. Bmecte
OHU HarpaB/ieHbl HA COXPaHeHHe KOTMUeCTBa JIBU)KEeHUSI.

HauanbHble mapameTpbl YacTHL] B MOMEHT IeHepaldu TakKue, KOTOpble I03BOJIIIOT B KOHLE IYTH
HaKOMWTh 3HEPrHI0 COOTBETCTBYHOLYH) IOJYYEHHOMY MWMITy/IbCY, TPU YCIOBHH, €CAM 4YacTULa
JBYDKETCSI TI0 BHIODAHHOMY HarlpaB/IeHUIO U He BCTPeuaeT MPersTCTBUM.

Bponb Bcero nmytu Cuna rpaBUTaliuM pacTéT MOPLMSMU, PaBHBIMM KBAaHTY [E€MCTBUS, JJIMHA KaXK[Oro
11ara paBHa JjIiHe BOJIHBI Jie Bpoiins.

Kaxzplid mar pocta Maccel M CKOPOCTM UacCTULbl KOHTPOJIMPYeTCS B MHMMOM IIPOCTPaHCTBE CO
CKOPOCTBIO O0JIbIlIe CKOPOCTH CBETa, OJUH U3 IPHeMJ/IeMbIX pe3y/IbTaTOB OTpa)kaeTcsl B 1efiCTBUTETbHOM
MIPOCTPaHCTBe.

Tenepb CTaHOBUTCSA IIOHATHO, 4YTO qDOTOHI)I, pO)K,[[éHHLIe OAVWHAKOBBIMU IIpOoLjeCcCaMH, BAOJIb PA3HBIX

oceil CHMMeTpHHM, IOJy4yaT Pa3HyH M0 YPOBHIO Haua/JbHYH) 3HEPrMI0 B 3aBUCHMMOCTH OT PacCTOSIHUSA 10

perucTpaTopa (O6’BEKTa aKTI/IBI/IBaL[I/II/I). COOTBETCTBeHHO, B T'PaBUTAlJUOHHOM TII10Ji€ TIpDUPOCT SHEPruur

@®OoTOHA C MaJjlbIM YpPOBHEM Haya/bHOMH SHEePruv B MOMEHT dKTHMBALIMUH Hd PErUCTpaTOpe OKaAKeTCA MEHbIIIe,

yeM TIpUpOCT 3Hepruu PoToHa ¢ OOMBIIMM yPOBHEM Haua/lbHOW 3Hepruu. Tak Kak rpaduk pocTa SHepruu

YaCTULbl B I'DABUTALIMOHHOM I10J/Ie, B TOM 4uKC/Ie U cDOTOHa, HMeEEeT CYIeCTBEHHYIO HEHHHEﬁHOCTL, TO

SHeprusa ®doToHa He AOCTUTHET KOHEUHOT'O YPOBHS PABHOI'O TOMY, KOTOPOIrO AOCTUTHET SHEPIUd CDOTOHa, y

KOTOPOT'0 CTapTOBbIM, Haua/IbHBIA YPOBEHb ObII BhIIIIe (pPacCTOsiHUE 0 00beKTa aKTUBAI[UM MeHbIIe). DTUM



U 00BSICHAETCS «KpacHoe cMeljeHre». JhGheKT HOCUT CHCTEMHBIH, Mpe/ICKa3yeMbll, JIOTUUHBIM XapakTep,

CJ'Ie,E[OBaTeJ'IBHO, CUCTEMHOI'0 pacIIupeHust BcenenHoii He CylmecTByeT.
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