B. I1. CuB11OB
JlyaJJbHOCTh MPOCTPAHCTBA-BPEMEHU
)
AaHOMAJIbHbIC ABJICHUSA

B mnocieniHue rojbl, B CBA3M C BO3POCLIMM HAy4YHbIM WHTepecoM K ¢QeHOMeHY
aHoMaJsibHbIX sBjeHUH( Af), a Tak ke OOJbIIMM OOBEMOM HAKOIJIEHHOW, MO 3TOMY
noBosy HMHPOpPMALMM, BO3HUKAeT HeOOXOAUMOCTb B aJleKBaTHOM HWHTepNpUTALUU
JlaHHOTO deHoMeHa. B 3ToM cBA3H, NpeAcTaB/sieT UHTEPEC PAaCCMOTPETh JAHHBIN aceKT
C MO3ULUHU AyaJIbHOCTH NPOCTPAHCTBEHHO-BPEMEHHOTO KOHTUHYyyMa. [logo6Has Touka
3peHHsl Ha YCTPOWCTBO NPOCTPAHCTBAa-BpeMeHM Oblia NpeJcTaBjJieHa B CBOE BpeMs B

L[eJIOM pAge TUIOoTe3. B ocHoge o00HOUI u3 makKux cunomes,
npuHadaedxcaweltl a-py B. Tunnepy [1,2], sexrcum nocmyaam o
mom, Ymo ho/10HCUMmMejAbHOMY npoCmMpaHcmaey-epemeHu
Hawez20 mMupa 00/134#CHO CO0meemcmeosams ompuyamesibHoe
npocmpaHcmeo-e8pemMs, MexHcdy KomopwimMu cyujecmeayem
cneyua/bHask cumMmempusi OmHOWeHuil mak, 4mo OHU o06a

HAX00s1Mcs1 8 U38E€CMHOM Ccoomeemcmeuu dpye c apyeom.
YacTuupbl MO3UTUBHOTO (MOJIOXKUTEJNBHOI'0) MPOCTPAHCTBA-BPEMEHU [JIBHXKYTCS CO
CKOpPOCTbI0 He MpeBbIIAKLEN CBeTOBY. YacTUlbl HEraTUBHOTO (OTPHULIATEbHOTIO)
IPOCTPAHCTBAa-BPEMEHU JBUXKYTCSI CO CBEPXCBETOBOM CKOPOCTbIO W TNOCTPOEHbI U3
MarHUTHBIX 3aps/0B, UMEIUIUX OTPHUIATEJbHYI) MAacCy M 3HEPruw. ITH 4YaCTHUIbI
SIBJIIIOTCSI CUMMETPUYHBIM H300pa)KeHHUEM 3JIEKTPUUECKUX YaCTUL, C MOJIOKUTEJIbHON
Maccod U 3HepTHel B HallleM MOJIOXKUTEJbHOM MPOCTPAHCTBE-BpeMeHU. B cOOTBeTCTBUHU
C TMpejcKa3aHUSIMH KBAaHTOBOW MeXaHHMKH, BCe 4YaCTHIbl B IMOJIOXKHUTEJbHOM U
OTpULIATEJIbHOM NPOCTPAHCTBE-BpEMEHHU 3HEpPreTUYeCcKU CBSI3aHbl JApyT C ApyroM. [Ipu
3TOM, MMO3UTUBHBIA U HEraTUBHBIA KapKacbl B3AUMOINPOHUKAKT U 3aHUMAIOT OJTHO U TO
»Ke MPOCTPAHCTBO, XOTs MMEIT pa3J/IMuHble YAaCTOTHbIE YPOBHU C pa3HULEN mopsiaka
1010, Toyka 3peHHUs aBTOpa JAHHOW CTaTbM Ha YCTPOMCTBO MNPOCTPAHCTBEHHO-
BpeMEHHOI'0 KOHTHHYyMa aHaJIoTu4YHa npejjaraeMoi B. Tussiepom. OgHAKO B OTJINYHE
OT He€, pacCMaTpPUBAEMbI KOHTHUHYYM IMpeJCTaBJAsETCS KaK HaxOJALIMKUCS B TpPEx
COCTOSIHUAX, Pa3/IMYAOLIUXCAd MeXJy C000M, KaK BeJWYUHOW, TaK U 3HAKOM TaKUX
IIepBOMY COCTOSIHUIO COOTBETCTBYIOT HyJIeBble 3HaU€HUsl YKa3aHHbIX MapaMeTpoB. Takoe
COCTOSIHME  TNPOCTPAHCTBA-BpeEMEHU  SBJSETCA  «HENPOSIBJIEHHBIM» U MOXET
COOTBETCTBOBATh GU3UYECKOMY BaKyyMy. B cBo ouepejib, BTOPO€e U TPEeThe COCTOSHUSA
IPOCTPAHCTBA-BPEMEHU SIBJISIIOTCS «MPOSIBJEHHBIMU» U XapaKTEPU3YITCA OTJUYHBIMU
OT HyJiI1 3HAYeHUSMH BbllIeyKa3aHHbIX MapaMeTpoB. JlaHHbIe COCTOSIHHUSI MOXXHO
paccMaTpuBaTh KaK /JBa 3epKaJbHO-CHMMETPUYHBIX MOJNPOCTPAHCTBA-BpEMEHU C
IPOTUBOIOJIOKHBIMHU 3HAYEHUSIMU BbIllIeNlepevYrCIeHHbIX apameTpoB.
[IpeacTaB/ieHHble, TakUM 00pa3oM, MNOANPOCTPAHCTBA-BpeMEHM, IO aHAJOTUU C
runote3oil B. Tussepa, MOXHO OTHECTU K TO3UTUBHOMYy W HeraTUBHOMY,
cooTBeTCTBeHHO. OJHAKO B OTJUYME OT TOYKM 3peHus B. Twinepa, 3sddekrt
CBEPXCBETOBOM CKOPOCTHU OGBSICHSAETCS 0O6paTHbIM (OTpPHULIATEJbHBIM) X0 0OM BpeMeHU
JIIsl 4aCTHUIl, CKOPOCTb KOTOPBIX B HEFATHUBHOM MOJIPOCTPAHCTBE-BPEMEHU TaK Ke He
MpeBbILIaeT CBETOBYKW. YKa3aHHble YaCTHUIbl, 00J1afiasd OTPUIIATEJbHBIMH Maccod H



JHeprue, He HABJAKTCA MarHUTHBIMM 3apsfaMH, a MpeACTaBJAT COO0H HHOe
COCTOSIHMe MaTepuH, GopMUpPyeMOM B YCJOBUAX HEraTMBHOIO IOJNPOCTPAHCTBA-
BpeMeHU. B HeraTMBHOM NOJAINPOCTPAHCTBe-BpeMEHM, TAK e, KAK U B NO3UTHUBHOM
JIOJDKHBI BBINOJIHATBCA 3aKOHbI COXpaHEHHMA Maccbl M 3Hepruu. Ilpu sToM, BBUAY
3epKaJIbHOM CHMMETpPHH, KOJMYeCTBO MaTepuu (BK/IOYasd SHEPrul0 U BellecTBO)
HEeraTUBHOTO MOJANPOCTPAaHCTBa-BpeMEHHU [JOJDKHO 10 abCOJIIOTHOM BeJMYHWHEe ObITh
TOX/IeCTBEHHO PAaBHBIM KOJIMYECTBY MaTepPHUU NO3UTUBHOTO NOANPOCTPAHCTBA-BPEMEHH,
TaK, YTO UX CyMMapHas BeJIMYMHa JI0J>)KHA BCer/Jja 0CTaBaTbCA PaBHOM HYJIIO.

IlonbiTaemMcs AdTh 00bsSICHEHHUE BBIIICU3J/IOZKCHHOMY CXEMATHYCCKHU.

JlJ11 3TOro NnpeACTaBUM B YIPOIIEHHOM BU/Je (ABYXMEPHbIM BapUaHT) NPOCTPAHCTBO B
BUJle JBYX IMOJNPOCTPAHCTB: MO3UTUBHOro (+) U HeraTuBHOro (-), pasAeséHHbIX
rpaHu4HOM mockocThbio (0OX) (ogHOMepHBIM BapuaHT), (puc.1). Bocrosbayemcsa TeM xe
MO/IX0/I0M, KOTOPbIM 0OBIYHO MCHOJb3yeTcsl B GU3UKe JJI HAIJIJAHOTO NpesCcTaBJIeHUs
WUCKPHBJIEHHMS TPOCTPAaHCTBA MAcCCUBHBIM TeJOM. B KayecTBe NpOCTpaHCTBEHHOU
JIBYXMEepHOM MeMOpaHbl OyJeM paccMaTpuBaTb TpPaHUYHY0 MJ0CKOCTh  OX,
pasgensomyo (+) u (-) noamnpoctpaHcTBa. B JgaHHOM ciy4ae, MCKpHUBJIeHUe
IPOCTPAHCTBA I'PaBUTHUPYIOLIMM TeJOM OyZeM paccMaTpUBaTh Kak Nporub ykazaHHOU
rpaHu4HOM MeMbOaHbpl OX B 30HY mnognpoctpaHcTBa. [locnesHuil obpasyeTcs B TOM
MeCTe, TJle HaXoAMUTCA MaccuBHoe Teso (puc.2). UHavye roBops, B o6sacTU nporuba
IPOCTPAHCTBEHHOW MeMOpaHbl 06pa3yeTcs rpaBUTALlMOHHAA MNOTEeHLUAbHAA «AMa».
B To e BpeMms (kak BUJHO U3 PUCYHKA 2), C J|pyroid CTOPOHbI MeMO6paHbl, B 06J1acTH
(momnpocTpaHcTBa 0Opa3yeTcs NOTEHUUAJIbHbIA  «ropo». HWHbIMEM  cl0BaMmy,
rpaBUTAllMOHHAA TMOTEHIMaJbHasg 3Heprus 3/ecb H3MeHAeT CBOM 3HAaK Ha
IPOTUBOIIOJOXKHBIY, CO3/jlaBasi B NPOTHUBOIOJIOXKHOCTb NIEPBOMY CJIy4al0 CBOEOOPa3HYIo
HEeyCTOMYHUBOCTb, HO yKe JJis BellecTBa OTpULaTeJbHOW Maccel (puc.3). [lpuHnun
JlyaJiu3Ma I0JCKa3blBaeT HaM, YTO MOXKeT pea/in30BaThCs NMPOTHUBOIOJIOXKHAA KapTHUHA
3epKaJIbHO-CHMMETPUYHOTO Nporuba npocTpaHCcTBeHHOU MeMbpaHbl OX B 06/1acTh (+)
MOANPOCTPAHCTBA — CBOEOOpPa3HbIA «aHTUIPABUTALMOHHBIN B3pbIB». B aToM ciydae
OyzeT HabJI04AaTbCA 0OpaTHas KapTHHA, KOrja MOoTeHlMaJsl, KPUBU3HA, JaBJIeHHUe U XOJ
BpeMeHM MEeHSITCA Ha NPOTHBONOJIOXKHBIE MO 3HAKy. B oOpasyemol, npu 3ToM,
rPaBUTALlMOHHOM MOTeLMaJbHOM «sIMe» (MOANPOCTPAHCTBA Oy/leT NPOUCXOAUTD Tellepb
KOHCOJIMJ,ALiMsA BellleCTBa OTpULLaTeJIbHOM Macchl. B To »xe BpeMsd, ob6pa3yeMbll JaHHBIM
Nporu6oM  MeMOpaHbl TpPaBUTALMOHHbIM  NOTEHLUUAJbHbIK  «rop6» B  (+)
NOAIIPOCTPAHCTBE, B CBOIO O4Yepe/b, CO3/J4AéT HEYyCTOWYUBOCTB, HO yXe JJIs BellecTBa
MOJIOXKUTEJbHOU Macchl (puc.4).
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Puc. 1. Cmpenkod nokasaHo ceYeHue
ApocmpancmeensHol membpansi, pasde-
nsowell npocmparncmeo Ha deéa nodnpo-
cmpaHemea (+) u (-).

(+)

-m -m

Puc. 3 [llokasana akkpeius (emok) & 2pa -
SUIMALUOHHYIO NMOMEHUUANbHYIO «aMy»(+)
nodnpocmpancmea selyecmsa MOIoKU-
menbHoili Macchbl (cmpefku ¢ cepbiMu mem-

kamu). B (-) nodnpocmpancmee obpasyem-

Puc. 2 [pasumauuonnas nAomeHyuans -
Hag «aMa» 6 (1) nodnpocmpancmee, Kak
npoeub npocmpan cmseHHol membpanbs
obpasosanHbill menoM  NOAKUMenbHoU
Macchi (cepbiil Kpy#ok).

Puc. 4 Axkpeyun ompulamenbHo2o &e -
iyecmea (cmpenku ¢ benbimu MemKamu)
6 2pacumalUCHHYyI0C  NOMEeHRUUuanbHyio
aMy (-) nodnpocmpancmea. B (+) nodnpo-
cmpancmee obpasyemcs NomeHyuanbhbitl

CH nomeruuaitbHbii «2opby». Cmpenxamu ¢
Senbinty MemKaMu NOKasaHo Hanpaeredue
‘CmoKa seiecmsa ompuiiameris HOl Macchi.

«2o0pb». Cmpenkamu ¢ Cepbimu MemKkamu
MOKa3aHO HanpacriexHue CIokKa gellectea
nanceKuUmenbHou Maccbl.

TakuMm o06pa3oM, KOHcoaMJaAlMs OJHOTO BHJA MaTepUHM MNPUBOAUT K Jerpajanuu
JIpyroro, WJu Ha f3blKe€ 3HTPOINMH, XaoC OJHOTO BHJA MaTEpUU CONMPOBOXKAAETCH
opraHusanuen gpyroro. Hapsay c aTuUM, mpu KOHCOJMJALUU MOJIOKUTEJIbHONU MacChl
NPOUCXOAUT MOTepsl 3HEepPruy, BHavaje Ha oOpa3oBaHHE 3JIEKTPOMAarHMWTHBIX, a 3aTeEM
rpaBUTALMOHHBIX U S1ZIEPHBIX CBsi3ed. [laHHas sHeprus (Ha3oBéM eé cBoboaHoU Ec), B
oT/inyMe OT cBsi3aHHOU Ecp (2Hepruu, CBs3aHHOM B KOHCOJIMAMPOBAHHOM BeleCTBe
COCTOSIHHE MTOKOSI KOTOPOU ONMKChIBAaeTCsA GopMysi0M IMHINTENHA:

E = mOCZ

rAe MmMp - Macca IOKOSl BelecTBa, C- CKOPOCTb CBeTa), BbICBOOOXJAaeTcd U3
KOH/IEHCUPYIOIIlerocs BelecTBa, NOKKWAAsA ero B BHU/Je TeIlld, BbICOKOIHEepPreTU4YeCKUX
4acTUL, M  HW3JIy4eHUHM, BKJWO4Yad  3JEeKTPOMAarHUTHOe U  PaBUTALMOHHOE.
KongeHcupyonieecss BelecTBO, NPU 3TOM, KakK Obl OXJaXJaeTcd Tepsisl 3IHEPTHIo.
W3nydarolyrocsa, TakuM 00pa3oM, 3HEpPrul B OTJHWYHE OT CBA3aHHOM MOXHO
paccMaTpuBaTh, KaK HaXOJSIIYyIOCSd B HEYCTOWYUBOM COCTOSSHUM M HCTEKAWIIyI U3
rpaBUTAlMOHHON MOTEHIUAJbHON «sMbl». MHauye rosops, CBOOOAHAsA 3HEPrus Mo
OTHOLUIEHHUIO K CBAI3AaHHOMW BeJéT cebs NMPOTHUBOMNOJIOKHBIM 06pasoM. Ecin nocienHsas
KOHCOJIUAWPYETCS B IMOTEHLUUAJbHOU «sIMe» oOpeTass YCTOWYUBOCTb, TO IepBasd,
HA060pOT, NoNajaeT B HEYCTOMYMBOE COCTOSAHUE, OKUAsA NOTEeHLUANbHYI0 «AMy». UTO
»)Ke CO3/aéT yKa3aHHYI HeYCTOWYUBOCTb [Jis MOJIOXKHUTEJIbHOW CBOOOJHON 3Hepruu?
V3BecTHO, YTO CBSI3aHHAasA UM CBOOOJHAsA 3HEPTrUM 00e IMOJIOXKUTEJbHbl U ONMMUCHIBAIOTCSA
dopmysioin JuHmTerHa: E = mc2. OgHako, KpoMe YKasaHHbIX 3HEPTUH, NpHU
KOHCOJIMJALMK BellecTBa o00OpasyeTcd W 3Heprus CBA3U: 3JIEKTPOMarHMTHas,
rpaBUTALlMOHHAS, s1/lepHad U T.[., KOTOpasl Tak »e onucbiBaeTcsl GopMyJiol IWHIITENHA,
HO uMeeT oTpuuartenbHbli 3Hak: E< 0. Hcxoxsa u3 Toro, 4to Ajd OTpULATEbHOU
9HEepPruHu TakK e J0/DKEH BbINOJHATHCSA 3aKOH COXpPAaHEeHUs, MOKHO 10J1araTh, 4YTO JaHHas



3Heprusi He OepéTcd «HUOTKyJZa», a o00pas3yeTcsd aHaJOTUYHO TMOJIOKUTEJbHOU
CBOOOJHOM 3HEPrvM, HO B YCJOBUAX KOHCOJMJAALUM OTPULATE/bHOrO BellecTBa B
HETaTMBHOM NOJNPOCTPAHCTBe. BTekass B rpaBUTAllMOHHYI0 MOTEHLUAJBHYIO «SIMYy»
MO3UTHUBHOI'O0 MOJNPOCTPAHCTBA, OTpUllATe/]bHAasi 3Hepruss (HA30BEM €€ Tak XKe
CBOOO/IHOM ), KaK Obl, OXJIAXKAAEeT KOHCOJUJUPYIOLIeecs 3/1eCh BELECTBO MOJI0KHUTETbHON
Macchbl, opraHu3dysi ero cBsi3u. [losiokuTesbHass e CBOOOAHAs 3HepPrus, NMPU 3TOM,
BbITECHSIETCS, BTeKallled B IMOTEHIHAJIbHYIO «sIMy» OTPUIATEJbHOW CBOOOJAHOMU
sHeprueil. [locseHss BBINOJIHAET, B JAHHOM CJy4ae, poJib $aKTopa HEYCTOWYUBOCTHU
JUIT TIOKWJalolled TMOTEHIUATbHYIO «sMYy» TOJOXHUTEJbHONH CBOOGOJHON 3HEpPTHUMU.
OTpuuaTresbHas CBOOOAHAA 3HEPrus, CTPYKTYPUPYS BeleCTBO MOJKHUTEJIbHOW MacChl
BBICTyINAeT Telnepb KakK MOTeHLMalbHas sHeprus cBfA3u. [logobHas cuTyauus NpuBOJUT
K KOHBEpPreHIUHU (CXOAMMOCTH) B TIPaBUTALMOHHYI0 MOTEHUUAJIbHYIO «AMy» (+)
O/ NPOCTPAHCTBA CBI3aHHOW MOJIOXKHUTEJbHOW U CBOOOHOM OTPULATE/IbHOW SHEPTUM U
JIUBEpPTreHIMU (pacXoAMMOCTU) U3 He€ OTPULIATENbHOU CBSI3AaHHOW M MOJIOXKUTEJbHOU
CBOGO/IHOM 3Heprui (puc.5,6).

Ob6paTHasa kapTHUHA OyAeT HAabJ/I0aThCs NPU KOHCOJIUJAlUM OTPULIATEJNbHOTO BellecTBa
B (moampoctpaHcTBe (puc.7,8). B naHHOM ciy4ae oTpullaTeJibHblE U MOJIOXKHUTEJbHbIE
CBSI3aHHbIEe U CBOOOAHbIE SHEPTUU MEHSIOTCS poJissMH. Tak, CBO6G0OHAsA MOJIOKUTEbHAsA
3Heprusi, BTeKass B TPABUTALMOHHYI0 MOTEHIHAJbHYI0 «SIMy» (MOANPOCTPAHCTBA
o6pasyeT Temnepb IMOJIOKHUTEJbHbIE CBSI3W, KOHCOJIMAWPYIOLIErocs 37eChb BellecTBa
OTpHULATEeJIbHOM MACCHI.

MHaye roBopsi, 2Heprusi CcBs3ed [Ji1 OTPULATEJNbHOrO BellecTBa OyJeT He
OTPUIATEJbHOU KaK B (+) MOANPOCTPAHCTBE, a MOJIOKUTEJIbHOW BeJIMUMHOUN. B 1aHHOM
cy4ae MOoJIOXKHUTeIbHask CBOO0OAHAS SHEPTUs UTPaeT poJib GaKTopa HEYCTOMUYUBOCTH [Ji
NOKHAAIIEN MNOTEHUAJBHYI0 «SIMy» OTpUIaTeJbHOW CBOOOAHOW 3Hepruu. Cua xe
rpaBUTalMM, obecrneynBawlias B3aUMOJEWCTBUE UM  KOHCOJUJALMI0  BellecTBa




OTpHULIATEJIbHOM MaCChl, B CUJIy 3epKaJIbHOM CUMMETPUH JABYX MOJNPOCTPAHCTB, JOJ/IKHA
TaK e YyJOBJeTBOPATb 3akoHy TAroreHuss HbwTOHA. TOT Ke 3aKOH [OJKEH
BBIMOJIHATBCA W NpPU TPaBUTAMOHHOM B3aUMOJENCTBUM OTPULATENBHOU U
MIOJIO>KUTEJIbHOM UHEPTHBIX Macc.

OpHaKo cujia B3aUMOJIENCTBUS MEX/AY HUMU Oy/leT OTTaJIKUBaloLe.

V3 BBILIEU3JIOKEHHOTO CJeyeT BaXXHbIM BbIBOJ, 3aKJKYaKOLMKCA B TOM, 4YTO
HeraTUBHOE - OTpULATeJIbHOe NOAINPOCTPAHCTBO MOXET MNPOABJIAThL cebsd B HalleM
NO3UTUBHOM - IOJIOXKMUTEJbHOM IOJNPOCTPAHCTBE KaK BO30YXXJEHHOe, HEyCTOWYHUBOE
COCTOSIHME MaTepHUM IMOJIOKHUTEJIbHOIO 3HakKa. Takoe COCTOSAHME COOTBETCTBYET,
M300pa’KeHHOMY Ha pUCYHKe (4), NOTeHLHaJbHOMYy «ropoy» B (+) MOAIPOCTPAHCTBE.
YAUBUTENbHO, 4YTO TaKoe HeyCTOMYMBOEe COCTOSIHME TOJIOKUTEJbHOM MaTepuu
NIOPOXKAaeTcA YCTONYMBBIM COCTOSIHUEM OTpHULIATEJIbHON MaTepuH,
KOHCOJIMJUPYIOLecd B 0O6JIOCTH MOJ YyKa3aHHbIM Ha PUCYHKe NOTeHLHaJbHbIM
«TOP6OM», TO €CThb B 06JIaCTU MOTEHI[HUAJTBHON «sIMbl» HEFATUBHOTO MOJNPOCTPAHCTBA.
Takoe passnyve yCTOMYMBOCTU COCTOSHUH B 00€MX MOZANPOCTPAHCTBAX HAXOAMUT CBOE
00bsICHEHHME B pa3/IMYMU X0/la BpeMeHU B HUX. Tak, Hanpumep, B TO BpeMs Kak B 06J1acTH
NOTEHIIMAJIbHOTO «rop6a» (+) MNOoANpOCTPaHCTBa, TrJe MPOUCXOAUT Jerpajauus
BellleCTBa MOJIOKUTEJIbHOTO 3HAaKa, JODKHO NPOUCXOJUTh YCKOPEHHE MOJIOKUTE/bHOTO
X0Jla BpeMeHH, B 00JlaCTH >Ke COOTBETCTBYIOILEeH MOTEHUHAJbHON «AMBI», [JId
dbopmupyeMoii B HeHl OTpULATE/]BbHOM MaTepud HA0O0pOT, [OJ/HKHO TPOUCXOAUTH
3aMe/JleHMe OTPULATEeJbHOr0 X0/la BpeMeHU. BbikazaHHasA TOYKa 3peHUsl KacaeTcs He
TOJIBKO TPaBUTALlMOHHOCBA3aHHBIX MAaKPO U Merao6’beKTOB, HO U 00beKTOB MUKPOMHUPA,
TaKMX KaK aTOMbl. B coOTBeTCTBHME C 3THUM, HalpuUMep, BO30YXKAEHHOMY COCTOSHUIO
aToMa B HalleM I0JIOXKHUTEeJbHOM MHUpe OyJeT COOTBETCTBOBAaTb OCHOBHOE, YCTOMYMBOE
COCTOSIHME ero aHTHUII0/[a — AHTUATOMa B OTPULATEJBHOM NIOANPOCTPAHCTBE U HA0O0POT,
BO30YXKJEHHOMY, HEyCTOMYMBOMY COCTOSIHUIO aHTUAaTOMa B (-) NOANPOCTPAHCTBE OyAeT
COOTBETCTBOBAaTb OCHOBHOE COCTOSHMEe aToMa B (+) mnoamnpoctpaHcTBe. Takas
ZlyaJIbHOCTb COCTOSAHUH ABJIAETCA XapaKTepPHOM, M0-BUJUMOMY, He TOJIBKO JJI1 aTOMOB,
HO U JIIOOBIX JPYTrUX 4acTUL, MUKPOMHpPA, a TaK e COCTaBJEHHBbIX U3 HUX OOBEKTOB
MaKpoO ¥ MeramMupa Kak JyaJlbHbIX CAMOOPIraHU30BaHHBIX CUCTEM.

YTo ke U3 cebds IpeACTaB/IsieT HeraTUBHAs - OTpULATE/IbHAA MaTepus?

OTBeT Ha MOCTaBJIEHHBIM BONPOC CjaefyeT U3 NPHUHLUIA AyaJbHOCTU U 3€pKaJbHOU
CUMMETPHUH, B COOTBETCTBHUMU C KOTOPbIMU MaTepusa B (+) u (-) mommpocTpaHCTBax
pas/iMyarTCcAd 3HaKaMHU TaKUX NapaMeTpoOB KakK: Macca, 3apsf, NOoTeHLyaJs, KpUBU3HA
IPOCTPAHCTBA, JaBJIeHHe, IHepIrus U BpeMs. BBUAY 3TOro, A/ TAKUX XapaKTEPUCTUK KaK
BelleCTBO U I0Jie, JOJDKHBbI CTaBUTbCA B COOTBETCTBUE WX AHTUIOAbI, TaKHhe KakK
«aHTHUBELEeCTBO» U «aHTHUIIO0JIe», OTJHUYAIOILHeCs OT OObIYHBIX BelllecTBa U moJis B (+)
NOAIPOCTPAHCTBE TeM, YTO OHM HeCyT OTpHULATE/JIbHYH 3HEpPrui0 M y4acTBYKOT B
npoueccax C OTpULIaTeJbHBbIM X0J0M BpeMeHHM. C JaHHOU TOYKM 3peHHUs, BellecTBO
OTpULIATEJIbHOM Macchl, KaKk U npeanosoran B. Tuanep [1,2], ZOMKHO COCTOATBH H3
4acTUl, OTpULATEJbHOM MacCbl U 3JHEpPruH, ABJAKUIMXCI CUMMETPUYHBIM
0TOOpakeHMEM YaCTUL] C MOJI0KUTEJbHON MacCOU U 9HEPrUel B HallleM MOJIOKHUTETbHOM
NOAIPOCTPAHCTBE-BpeMeHU. B cooTBeTCTBHMe € 3THUM, OTpHULIATe/JbHOE II0 Macce U
9HEepruy aHTUBEILECTBO J0KHO COCTOATh U3 aHTHAaTOMOB, BK/IYAKIUX B CBOM COCTaB
OTpULIATEJIbHO 3apsKeHHOe AP0 BOKPYr KOTOPOro 00paljaloTcd MOJKUTENBHO
3apsoKeHHble aHTUYaCTULbI - AHTUINO3UTPOHBL JleMCTBUTE/NBHO, IOCKOJIbKY B
HeraTUBHOM NOJANPOCTPAHCTBEe-BpeEMeHH CBSI3aHHAsA U CBOOOJHAsA SdHEPTUU MEHAIOT 3HaK
Ha NPOTUBOIIOJIOXKHBIH, TO U CTPYKTYpa 3HEpPreTUYeCKUX YPOBHEN B aHTUATOMAX J0JKHA
U3MEHATbCA Ha IPOTUBONOJIOKHYI0 IO OTHOINEHHUIO K CTPYKTYpe 3HepreTH4yecKux




YypOBHeH B aTOMax 06bIYHOrO0 BellecTBa (puc.9). TakuM ycl10BUAM MOXET yA0BJIETBOPATH
BbILIEYIIOMAHYTass MOJieJlb aHTUATOMa, COCTOSILEr0 W3 OTPULATEJbHO 3apsX)KeHHOTO
Apa U TOJIOKUTEJbHO 3apsDKEHHBIX AHTHYACTUIL, - aHTUNO3UTPOHOB. KapTuHa
JHepreTUYeCKUX YPOBHEW aHTUNO3UTPOHA B aHTHATOMe OYJeT BbITJIAJEeTb 3epKaJbHO-
CUMMETPUYHOH 110 OTHOILEHHUIO K KAPTUHE IHEPreTHYECKUX YPOBHEH 3JIEKTPOHA B aTOMe
(puc.9b). MHaue roBops, NnoTeHLMaJbHas «IMa» aHTHATOMa OY/JeT NpeCTaBAATbhCS, KaK
Obl, NepeBEPHYTOMN 10 OTHOLIEHHUIO K NNOTEHIIMAJIBHONU «sIMe» OObIYHOTO aTOMa. JTO, KaK
BU/IHO M3 PUCYHKA, COOTBETCTBYET U3MEHEHUI0 3HAaKa MOTeHIMaJbHOU 3Hepruu. Eciau
ZJ1s1 3JIeKTPOHA, HaXOAALerocsi B NOTeHIIMaJbHOMN «siMe» aToMa (puc.9a) sHeprus cBsI3H
OTpULATeJbHA, a Iepexo/, Ha 60Jiee HU3KUH 3HepreTUYeCKUN YPOBEHb CONIPOBOXKAAETCS
M3JIyYeHHEM KBaHTaA MOJIOXKHUTEJbHOM 3JleKTpoMarHuTHou 3Hepruu: E = hy (rze h -
noctossHHas [l11aHKa. y- 4acToTa U3JlydyeHusl), TO B IPOTHUBONOJI0XKHOCTb 3TOMY, IHEPTUS
CBSI3U aHTUINO3UTPOHA B aHTUATOMEe (puc.9ba) 6yAeT No0KUTENbHOM.

:AU ;w»

z[ 4 -U<0
(+) £\ U>0
U=0
u<o, Y1f (=)
-U=>0 _
15 a
\/ Y .
| a) b)
Puc. 9. VnpoweHnas kapmuia pacipe- npocmpancinea, Hudpamu yxasano: anep-

‘QeneHus nomeruansiol axHepeuu 8 deyx
SepKanbHbIX, CUMMEIMPUYHbIX, JOONpo-
cmpancmeax: a) Ana -obbIyHOE0 ANeKMPoHa
& amosme (t) nodnpocmpancimea; b) dns

semudeckuc yposHu. Pombom u mpeyaarns-
HUKOM OITMIeHenbl OCHOSHbIE YPOGHU (mpe-
YOIbHUK — HESO3OKOEHHOS COCIIONHUSe
ANSKMPOHa; POME — AHMUITOBUIMPOHA).

‘QHMUNOSUMpona 6 awmuamome (=) nod-

B To *ke BpeMsl, U3JiydaeMblii KBAaHT 3HEPTHHU NPU Nepexojie aHTUIIO3UTPOHA Ha GoJiee
YCTOWYMBBIA «BEpPXHUW» YPOBEHb, B 3€pKaJibHOW MOTEHIMAJbHON «sgMe» aHTHATOMa

OyZeT HecTH oTpuuaTesbHyl 3Hepruw: E = — hy. CKkopocTb ke pacnpocTpaHeHHs
TAaKOr0 U3JIyYeHUs] B HalleM [OJIOXUTEJbHOM MOANPOCTPAHCTBE O6yJeT paBHA
OTpHULATEeJbHON CKOpOCTH cBeTa: — C. OHAaKO Takoe obpallleHHue 3HaKa HalmpaBJeHUs

CKOPOCTU U3JIyYEeHHUs], HECYLIero OTpPULATeJbHYI0 3Heprul OyAeT [Jis Hallero
NOANPOCTPAHCTBA KaXKyIIMMCH, IOCKOJbKY, B HETaTUBHOM NOJINPOCTPAHCTBE, B CBA3U C
MHBEpCUEW NPOCTPAaHCTBA M BpEeMEHH, OHA TaK e OCTaéTc NO0JIOKUTEJIbHOU
BeJIMUMHOU. Haue roBopsi, Takoe siBJeHHE NpPeJCTaB/sSeTCS B HALleM MOJIOXKUTEJIbHOM
MHpe, TaK, KaKk ecJM Obl, OTpULATeJbHbI GOTOH ABUraJcs U3 OyAylLlero, Hanpumep,
3Be3/lbl C OTpHUIlATeJbHON CKOpOCThio. [lol06HOE sIBJieHHEe PacnpOCTPAaHEHUs CBETQ,
O4YEeBUJHO U ObLIO 3aperectpupoBaHo B omnbiTax H. A. KosbipeBa [3,4]. Kaxyieecs
sIBJleHWe W3MeHeHHs 3HaKa CKOPOCTH cBeTa OyJeT HMeTb MecTO U s (POTOHA,
NepEeHOCSLEero MOJIOKUTEJNbHYI0 3HEPTUl0 B HEraTUBHOM MOANPOCTpPaHCTBe. JJaHHBIN
bakT dABAfeTCd MpPOsBJIEHUEM  3epKaJlbHOM CHMMETPUU  OTHOIUEHHUH  JBYX
AHTUIIOAJIbHBIX NOAMPOCTPAHCTB U3 KOTOPBIX COCTOUT Hallle MPOCTPAHCTBO.




OT Aya/IbHOCTHU K «4E€ThIPEXJIMKOCTU»: IPOCTPAHCTBA,

BpE€MEHMU, Belll€eCTBA U DJHEPIrun.
[Io MHeHMI0 aBTOpa, HauboJiee ICHYI0 KapTUHY Ha YCTPOMCTBO M NPUPOJy aHTUBeELeCTBa
M aHTUIIO0JIS1 MOXKHO aTh UCX0/S U3 PAaCCMOTPEHUs NIPOLECCOB CBA3aHHbIX € PU3NYECKUM
BaKyyMoM. B HacTos1ee BpeMs 1o/, pU3UYeCKUM BaKyyMOM IOHUMAIOT TaKOe COCTOSIHUE
bu3n4ecKkord CHUCTEMBbI, KOrjJa B HeW HET HMU IMOoJied, HU 4YacTUl. IJTO COCTOsSHUE
COOTBETCTBYET HauMeHbIlen BO3MOXXHOU 9HEepruH. 17K} COOTHOIIEHUA
HeonpezenéHHOCTU [elizeHGepra [5] BbITeKkaeT, YTO B COCTOSSHUMU BaKyyMma MOJIsS
COBepLIAIOT HyJieBble KoJiebaHUs, KOTOpble pacCMaTPUBAKOTCA KaK COCTOSHUA C
BUPTYa/IbHO BO3HUKAWIKMMU U McYe3allMMU GOTOHAMH, 3J1IeKTPOHHO-IO3UTPOHHBIMHU
napaMu M, BooOllle rOBOps, NapaMy 4acTUL@-aHTU4acTULa. B3auMozelcTBUue BHEIIHET O
3JIEKTPOMAarHUTHOrO NOJA C  HYJeBbIMU KOJe6GaHHUAMU BaKyyMa BbI3bIBaeT
HEOJHOPOJAHOCTb B NPOCTPAaHCTBEHHOM pacnpejie/leHUH 00Lero 3apsja BUPTYyaJbHbIX
nap, 4TO IPUBOJUT K SBJEHUIO MOJApU3alUU BakyyMma. llpy sHeprum KBaHTa
3JleKTpoMarHuTHoro mnoss: E 2 moec? (rge moe - Macca TOKOs 3JIEeKTPOHA)
B3auMMOJleliCTBUEe C (QU3UYECKMM BAKyyMOM BeJET K O00pa3s0BaHUIO 3JIEKTPOHHO-
NO3UTPOHHOW MNapbl. OOpaTHBIA Ke NpOoLEecC aHHUTUIALMUA 3JIEKPOHHO-IIO3UTPOHHOU
napbl NIPUBOJUT K 06pa30BaHUIO OJJHOTO, JIMOO JBYX U 60Jiee raMMa — GOTOHOB, HECYIIIUX
9HEPryul0 paBHYK CYMMapHOW 3HepPruy NPOaHHUTMJIMPOBABIUMX YACTHUIL, 3JIEKTPOHA U
NO3UTpPOHA. PaccMOTpUM MeXaHM3M TaKOM aHHUTWJIALMKA Ha NpUMepe 0JHOPOTOHHOH
AHHUTWIALMU. YYaCTBYOILUE B aHHUTU/ISALMU 3JIeKTPOH Y MO3UTPOH UMEIOT OJMHAKOBO
HalpaBJIeHHbI1 W paBHbIM 0O BeJU4YMHe cnuH: S=% h (rge S - coOGCTBeHHbIH
MeXaHU4YeCKMH MOMEHT KOJIMYeCcTBa JBW)XKEHUS MMKPOYAaCTUILbl, BbIpaXK€HHbIM B
eauHunax IiaHka nocrosHHOM, h), o6sa/las B TO »Ke BpeMsl paBHbIMU IO abCOJNIOTHOM
BeJIMYMHE pPA3HOMMEHHBIMU 3apsfaMM MU OOpaTHOM OpHEeHTaluMed HMX MArHUTHBIX
MoMeHTOB [5]: He= *( € / me) S (rge e - 3apaj sjeKTpoHa, Me — €ro Macca).
Onepupys XapaKTepUCTHUKaMU CIMHA U MarHUTHOI'O MOMEHTA 3JIEKTPOHA M MO3UTPOHa,
NpoLecC aHHUTUIALMKA MOXXHO OOBACHUTHL CAeAYHIIUM 06pa3oM. Tak, ecid CHOUHY
4acTHULbl [IOCTaBUTb B COOTBETCTBHE €€ MacCy, a MarHUTHOMY MOMEHTY eé 3apsf, TO
AHHUTWISALMI0O aHTUYACTHUL, 10 3apA/y MOXXHO paccMaTpUBaTh KaK HEHWTpaJMU3aLUI0 UX
3apA/l0B M KOMIIEHCALlMI0 MX MAarHUTHBIX MOMeHTOB. CIIMHBI e 4YacTHUL, KaK U HX
NOJIOKUTEe/IbHAsl 3Heprus, obpasyemas IpHU lepexoje CBA3aHHOU 3HEPruM 4acTUl, B
CBOOO/IHYI0, 3JIEKTPOMarHMWTHYIO, CKJIAJAbIBAlOTCA TaK, YTO CyMMapHas BeJIMYMHA CIMHA
obpasyemoro poToHa: S=1h, a ero aneprus: E= 2moc2. /laHHbIN NpolLiecC aHHUTUJISLUU
OPOUCXOAUT B (+) MOANPOCTPAHCTBE, MOCKOJIbKY, KaK YacTUIbl BCynarljhe B MPOLecc
aHHUTWISALMY, TaK M o06pasyeMbld, HOpU I3TOM, (POTOH HeCyT IKBUBAJEHTHYIO
MIOJIOKUTEJIBHYI0 3Hepruio. [Ipy Takol aHHUTMJIALMM HCYe3aeT JIMUIb 3apdAf, HO He
ucye3aeT UCXOJHAsA CyMMapHas SHeprus 4acTHL, — OHa coxpaHseTcs. B cBoro oyepenp,
nocje HeWTpalu3alyM 3aps/0B U KOMIEHCAllMM MarHUTHBIX MOMEHTOB 3JIEKTPOHA U
MO3UTPOHA NP UX AaHHUTHWJIALMH, OT 3JIeKTPUYECKUX 3apAl0B U MarHUTHbIX MOMEHTOB
JIAaHHBIX YaCTUL OCTAETCSI CBOeOOpa3HbIN CJie], B CTPYKType ob6pa3dyeMoro ¢oToHa B BU/JE
KOJIEOJ/TIOLIMXCA 3JIeKTPUYECKOTO MU MAarHUTHOIO BEKTOPOB 3JIEKTPOMAarHUTHOTO I0JIA
(puc.10a). Ecau ucxoAuTh M3 MNOPHHLUMUNA CUMMETPUHM OTHOILIEHUH, TO B
IPOTUBOIOJO0XHOCTb PACCMOTPEHHOMY BhbIllIe CIy4Yar0, aHHUTUIALMA YaCTHUL, HeCyLUX
MOJIOKUTEJIBHYIO M OTPHULATEJBHYIO MaccChl, HalpuMep, OOBIYHOTO 3JIEKTPOHA H
aHTHUIJIEKTPOHA, [JOJDKHA [POUCXOAUTb MyTEM KOMIEHCAalUM HX CIMHOB U
HeUTpa/M3alMM TNPOTHUBOIOJIOKHBIX 10 3HAKy MacC. MarHuWTHble >Ke MOMEHThI
yKa3aHHbIX YacTHUI, JOJDKHBI OBITb OJHOHANpaBJEHHBIMH M CKJAaJblBaTbCA NpPU HX
aHHUTWJISLIMY, @ UX JHEpIHUs, onpeJesiseMas B JaHHOM CJlydae, KaK 3JIeKTpoCcTaTU4ecKas
JHeprus 3apAfoB  JO/DKHA IepexoAuWTb B CBOOOAHYH  3SHEPruI0  KBaHTa




COOTBETCTBYIOLIETrO M0JIsl, KOTOPOE M0 aHAJIOTUH C 3JIEKTPOMarHUTHBIM MOXXHO Ha3BaThb
rpaBUTALMOHHOCIIUHOBBIM. B KauecTBe KoJeG/I0UIMXCS BEKTOPOB B TaKOM MoJjie GyAyT
BBICTYNAaTh: BEKTOP I'PaBUTAIMOHHOIO MO0JIs, KAK XapaKTepPUCTHKA MAacCOBOTO 3apsi/ia, a
TaK ke BEKTOP CIIMHOPHOTO M0JI, KaK XapaKTepUCTHKA ClIMHA YacTUlbl (prc.10b).

FPuc. 10. a) sud anexmpomashumnoll eanabt  neli, konebrniomcs 80 &3aUMHO NepresouKy-

pacnpocmpaHssiciyelica & Hanpaeneruu NAPHBIX TIOCKOCMAX (MOKa3aHo criesa om
ocu OX (mokasano cmpenkold). XYZ-npo-  pucyska) ;| b) kapmuna pacnpoCImpOHeHus
CMpancimeeHHbie KOOPAUHaMbl, 8EKIMOpPbI egpasumaliuoRHO-CiTUHO80d eannHbl. G u S,

INSKIMPUYecKoeo E v masHumnoeo H no- epasuma I{UOHHME U CRUHOBbId SeKmopa.

B cooTBeTcTBUM C 3THUM, 3JIEKTPOH U AHTHU3JIEKTPOH [OJDKHBlI HMMeTb paBHble IO
BeJIMUMHE W NPOTUBOINOJIOKHO HaNpaBJIEeHHble CIMHBI, @ MX MarHUTHble MOMEHTHI
JIOJDKHBl OBbITh OJHOHANpPaBJEeHHBIMU. JJIEKTpUYECKHe 3apsi/ibl, yKa3aHHbIX YacCTHII,
JIOJDKHBI ObITh OJMHAKOBBIMH, KaK 10 aOCOJIIOTHOU BeJIMYMHE, TaK U 10 3HAKY, T.e. ObITh
pPaBHBIMU 3apsiAy 3JeKTpoHa. Te XKe pacCy/IeHUsl KacaloTCsl U aHHUTUJISLUY TIO3UTPOHA
C OTpULATEJbHbBIM MO MacCe AHTUMNO3UTPOHOM. WX aHHUTUWJALMS, TaK e /[A0JDKHA
OPpUBOAUTL K  POXKJAEHUI0  KBaHTa  TIPaBUTAllMOHHOCIIMHOBOIO  MOJf,  HO
OPOTHUBOIOJIO)KHOTO MO 3HAaKy K TaKOBOMYy TMNpPHA aHHUTWIALUK  3JKTPOH-
AHTHU3JIEKTPOHHOU maphbl (puc.11). B pabore BapanoBa A. A. [6], Tak ke MOCBSAIEHHON
npob6JjieMe OTpPULLATEJBHOM MacChl, BbICKa3blBaeTCA aJibTEpHAaTUBHAsA TOYKa 3peHUs Ha
BO3MOXKHY0 aHHUTHWJISILIMIO YaCTUL, 06/1a/1al01UX Pa3JIMYHbIM 3HAKOM MacChl.
W3yaraemMasi Touka 3peHUsl 3aK/I04YaeTCs B TOM, UYTO NPU BO3HUKHOBEHUH GU3UYECKOTO
KOHTAKTa MeX/Jy 4YacCTULEeNd OTPULATEJbHOM Macchl U YacTUIeH OObIYHOIO BellecTBa
NPOUCXOJHUT, TAK Ha3blBaeMasi, KHyJTUPUKALUS».
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Puc. 11. [loxasana cxema axnRusUNALUU
Jembipex eudoe dJacmui (1eKkmpoHa) &
(+) u (-) nodnpocmpaHcmeax. CmpemaMu
TOKa3aHo HanpasieHue CRuHa U MazsHum-
HO20 MOMEHMa Yacmul U axmudacimuil
BcmpedsbiMu cmpenkamu noKkasaHo Ha-

OWUXCA 10 3HAKY 2NeKmpuYeckoeo 3apada
{cepbie cmpenku) u no 3Haky 3apada Mac-
cbi (depHeie). E., E, - anepeuu ghomona
U aHmMUOmMoHa Npu aHHUWIRLUU. Eg, Eﬂg
- 3HEepPeUU epasuImona U aHimiepasumona.
X, Y - xoopQuramoi.

npagnesue avu2Una Ul 4acmul, paanugya-

[Ipouiecc moA06HBIA AaHHUTKJALMY, HO JIUIIb C TOW pa3HULEN, UTO NPU aHHUTUISALUHU
IPOUCXOAUT BblJeJleHWe 3Hepruv, a IMpu HyJUPUKALMU HHUKAKOW DJHEPruU He
Bbl/Ie/IIeTCS, TaK KaK dHepTrus OTpULLATeJbHOM Macchl o popmyJsie JWHIITENHa; E= —
mc2, oTpulaTesibHa, B pe3yJbTaTe Yero CymMMapHasi 3Heprusi NpOaHHUTUJIUPOBABIIMX
yacTul, 0yzeT paBHATbCA HyJ10. [loqob6Hasa Touyka 3peHHs NMPUBOJUT K TOMY, YTO IpH
TAaKOro poJia aHHUTUJISIIIMU MIOJIHOCThIO MCYe3aeT UCXOAHAsA MaTEPUS], YTO IPOTUBOPEUUT
3aKOHY eé coxXpaHeHHUs. 3Jlechb cjleyeT yKas3aTb Ha TO, 4YTO, BXoAsuasg B dopMysy
JMHIITellHA OTpULaTe/bHAsA Macca He MpeJCTaBJasgeT COO0M MaccoBOro 3apsdja, a
SBJISIETCS BCEro JIMIIb HMHEPTHOW MacCoM, a CJieJloBaTeJibHO, €€ B3aMMOJIEMCTBUE C
MOJIOXKUTEJIbHOM HWHEPTHOW MacCcod (KaK Bbllle YINOMMHAJNOCh) OyAeT CBOAUTBHCA K
OTTAJIKUBAaHUIO aHTHUYACTUL, APYyr OT Jpyra, a OTHIOAb, HE K HUX MPUTTHKEHUID U
aHHUTUAsAMUM. B 3ToM  cBfI3M, HauboJsiee MpPEeANOYTUTENbHBIM  SIBJSETCS,
npeACTaBJeHHbIM Bblllle MEXaHW3M aHHUTWIALUM AJ 4acTUL, UMEIIUX pa3/JIMYHbIN
3HAaK MaccoBOro 3apsja. B yka3zaHHOM ciydae, Kak M B CJly4yae C aHHUTUJISALUEN
3JIEKTPOHHO-NIO3UTPOHHOM Mapbl NIPOUCXOAUT He 3aHyJIeHUE IHEPTUH, a e€ Mmepexo/| U3
OZHOTO BU/Ia B [PyTOM, @ UMEHHO, U3 CBAI3aHHOM 3HEepPTrUU NPaHHUTUJIUPOBABLINX YaCTUL]
NPOTHBOIOJKHOT'O MAacCOBOTO 3apsi/ia B CBOOOAHYI0 3HEPTUI0 FPAaBUTALMOHHOCIMHOBOTO
usnyyeHus. Kpome ykasaHHBIX Bbllle BHJOB aHHUTWIALMH, 0pPU [JONYIIEHUHU
CyLeCTBOBAaHUSI HEraTUBHOIO MOJANPOCTPAHCTBA, BO3MOXEH W YeTBEPTBHIA BU[
AHHUTUJISAAM  TNPOUCXOASAIIMA MeXJy aHTHUIJIEeKTPOHOM M aHTUIO3UTPOHOM B
(mopnpocTtpaHcTBe. Takasgd aHHUTKUAALMA ABJAAETCAd 3€pPKaJbHO-CUMMETPHUYHOW IO
OTHOIIEHUI0 K aHHUTUJISLUU 3JIeKTPOH-MO3UTPOHHOW Haphl B (+) MOANPOCTPAHCTBE U
JIOJDKHA, B CBOIO 04Yepe/ib, IPUBOAUTH K 00pa30BaHUI0 KBAaHTA 3JIEKTPOMAarHUTHOIO MOJIf,



HO HeCyIllero OTPUIATeJbHYI0 3HEPTUIO — TaK Ha3biBaeMoro aHTudoToHa (puc.11). CnuH
»Ke TakKoro aHTUPOTOHA [AO/KEH ObITh pPaBHbIM MUHYC eAuHUIle. Bcé, 4To ObLIO
paccMOTpPEHO BbIllle, HA MPUMepe 3JIEKTPOHA U MO3UTPOHA KacaeTcs, MO-BUIUMOMY, U
JIPYTUX Map aHTUYACTHII, PA3JIAYaOL[UXCsS 3HAKOM 3JIEKTPUUYECKOTO 3apsija, Hanpumep,
HYKJIOHA W AHTUHYKJOHA. MX aHHUrWasAuus B (+) MOANPOCTPAHCTBE NPUBOAUT K
MOPaXKJEeHUI0 T — Me30HOB, KOTOPbIe, B KOHEYHOM CUYETe, pacnajarTcad Ha GOTOHBI U
HelTpuHo [7]. [locieaHue Tak ke UMEIOT CBOU aHTHUYACTHUIbI U MOTYT aHHUTUJIUPOBATH
BCTyNnasi C HUMU BO B3auMojedcTBHe. To >Ke, XapaKTepHO W JJis AHHUTWISAIUU
OTpPUIATEJIbHBIX M0 Macce aHTHUIIOA0B HYKJOHA U aHTUHYKJOHA B (MOJAMPOCTPAHCTBE.
CirenyeT OTMeTUTh, YTO B MpUPOJie HAGJIOJAETC HEKOTOopas aCCUMETPUS MEXAY
YacTUI[AMH W aHTHUYaCcTHUIIAMU [0 3HAKy HX 3JIeKTpuueckoro 3apszaa [7]. /laHHas
accUMeTpHsl 3aKJII0YaeTcs B NMpeob6JsalaHMU KOJIMYecTBa YacTHUI HaJ, aHTUYACTUIAMHU.
Eciu ke ydecTb NPUHSATOE HAMHM HeraTHMBHOE MNOJANPOCTPAHCTBO, TO B HEM OyJeT
Hab/OAaTbCcs oOOpaTHasi KapTUHA, MNOpeob6J/ajlaHus KOJIMYecTBa AaHTUYACTHUL, Ha[
YacTUIlAMH, HO B I[eJIOM BO BCEM MNpPOCTPaHCTBe (HeraTUBHOEe + IMO3UTHBHOE), OyAeT
HA6JIIJAThCS MOJTHASI CUMMETpPUSI.
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a) b) C)

Pue. 12. IMoka3ax O8yMepHbii 8apuaHm 8 ceba no3umugHoe (+) u HeaamugHoe (-)
Osyx gudoe npocmpaxcme a) u b), pazde- nodnpocmpancimea. b) -3neKmpoMagHum-
NEHHBIX 2PaHUYHBINMU NTOCKOCHAMY -X O HOE NPOCINPAHCIIBO, sKkNoYaillee ¢ ceba

X 4 -y0y (o0HOMEPHBII 8apLanm), kaxdoe noGRPOCIIPAHCIMEO NOMOKUMENBHO20 (+) U
Ha Oga NOOMPOCMPAaHCIga, OMTUYAIOWLX-  OMPUYamenbHO20 (-) 3HaK08. C) - CoO8MELEH-
651 Mexdy coboil (Ha pucyHKe) Hanpassne- Hbie -8iI0KeHHbie Opye 8 dpyaa NpocmpaHc-
HUEM WIMPUX08KY. a) -epaslimaiiOHHO- meaa) ub)

CrILHOBOE MPOCITIPAHCITIBO, 8KITHYA I0LUEe

B cBA3M ¢ BBILIEHU3JIOKEHHBIM, pPa3yMHO MpPeANOJIOKUTb CyLleCTBOBAaHUE [IBYX
IPOCTPAHCTB: T'PABUTALLMOHHOCIIMHOBOTO, B KOTOPOM IIPOMCXOJUT aAHHUTHUJIALUA
AHTHUYACTHUL, HeCyIUX [POTHUBOIOJIOKHBIA 3JIeKTpUYecKUM 3apaxn (puc.l2a) wu
3JIEKTPOMAarHUTHOr0, B KOTOPOM INPOMCXOAUT AHHUTMJALMA AHTUYACTUL, HECYILUX
IPOTHBOIOJIOXKHBIA MaccoBbIX 3apsj (puc.12b). Kaxgoe u3 ykazaHHbBIX IPOCTPAHCTB, B
CBOI0 O4Yepesb, COCTOMT M3 [BYX 3€pKaJbHO pacClOJIO)KEHHbIX MOANPOCTPAHCTB, C
IPOTUBOIOJOXKHBIMU 3HAaYEHUSAMU TAKUX [lapaMeTpOB, KaK: Macca, 3apdj, NOTeHLuall,
9Heprus, KpMBHU3HA, JlaBJieHHe U X0, BpeMeHU. 06a MpOoCTpaHCTBa: 3JIeKTPOMarHUTHOE U
IrPaBUTALlMOHHOCIIMHOBOE [OJDKHBI ObITH OPTOrOHAJIbHO-BJIOXXEHHBIMH JApPYr B Jpyra
(puc.12c). TonbKO Takass CUMMETpPHsl PacloJIOKeHUs] YKa3aHHBIX NMPOCTPAHCTB, MOXET
obecrneyuTb CUMMETPUIO OTHOILUIEHWH, BBILIEONHUCAHHBIX aHTUYACTUL, U MOPOXKIAEMbIX
MMU ToJield. B cooTBeTCTBHE C 3THUM, NPOSABJEHUE 3apAL0BOM MNOJAPU3ALUU, MOXKHO




06pa3HO MpeACTaBUTb B BHJle OTHOCUTEJBHOIO CMellleHUs JBYX OPTOrOHaJbHBIX
npoctpaHcTB. [lojo6Has ToYka 3peHHUs Ha MOJSAPU3aLUI0 NPOCTPAaHCTBEHHOTO 3dupa
O6bL1a BbIcKaszaHa elé MakcBessioMm [8]. OgHako OHa KacaJjiaCh JIMIIb 3JE€KTPUYECKOH
nossgpusanuu (puc.13a) ¥ cooTBETCTBYOIUX el TOKOB cCMellleHUs. B oTiinune oT atoro,
paccMaTpUBaeTCs  KBAaJpyloJibHOE  CMeLleHHe [JIByX OPTOrOHaJbHO-BJIOKEHHBIX
IPOCTPAHCTB, NPUBO/sLIEe K NMOJISAPU3ALIMH, KaK 10 ajieKTpuieckoMy (puc.13a), Tak u no
MaccoBoMy 3apajy (puc.13b), 1 coOTBETCTBYIOIHUX 3TOMY TOKOB CMelleHHUs.
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Puc. 13. a) flonapusalius COSOKYNHOZO b ) flonapusaiilus COSOKYNHO20 NPOCITPAHC
npocmpascmea N0 3eKmpudeckomy 3a- mea no maccosomy 3apady, bema - senu
pady; anvdha - senTUYUHA CMELUEHUS Opmo- YUHA CMELEHUS OpPIMO2OHaNbHbIX NApPOo
20Hab HbiX npocmpancme edanb ocu -x0x. cmpaxcmes edans ocu -y0y.

CorjacHo nmpejJiaraeMod MOJleJIM  OPTOrOHAJbHO-BJIOXKEHHBIX JApyr B  JApyra
NPOCTPAHCTB, 06pasyeMble IPYU aHHUTUJIALMHN 3JIeKTPUYECKH 3apsKeHHbIX aHTUYACTUL
doToHbl ¥ aHTUPOTOHBI pacnoctpaHsiroTca B (+) u (-) nDoAampocTpaHCTBax
rPaBUTALlMOHHOCIIMHOBOI'O MPOCTPAHCTBA, B TO BpeMs Kak, ob6pa3yeMmble NpHU
AHHUTUJISALMU TPaBUTOHbBl M aHTUrpaBUTOHBl B (+) u (-) nDoampocTpaHCTBax
3JIEKTPOMarHUTHOTO MPOCTPAHCTBA, COOTBETCTBEHHO. (puc.11). HacTosmas Touka
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Puc. 14 Hedchoprauun epasuimallioHHO-
CIUHOSO20 NPOCIMPaHcmea PomoHoM. b))  kax anexmpomasHurmHOU  SQNHOLMI.
Cmiperikanu f[oKazaHo HanpasrieHue Jde-

&) xax vacmuuei. Cmpernkoil nokazano
Hanpaenerue delwrxen us pomona; popmaruu.




3peHUs] NPOJIMBAET CBET Ha AyaJbHYI0 MPUPOAY YACTUIL, U MoJield. JleCTBUTENbHO, KaK
ciefyeT W3 MNpejcTaBJeHHOM Ha pucyHkax (12a) u (12b) Moaenu opTOroHaJbHBIX
NPOCTPAHCTB, POTOHBI U AaHTUPOTOHBI PACIPOCTPOHAACH B IPAaBUTALUOHHOCIHHOBOM
NpOCTpPaHCTBe ehOPMUPYIOT €ro Kak YacTulbl (puc.14a).

BekTopa e uX 3JIeKTPUYeCKOro MU MarHUTHOIO IOJIeH, B CBOIO o4yepesb, NPOU3BOJAT
AedopManyio 3JIeKTPOMarHMTHOTO MNPOCTPAaHCTBA, COBepllas B HEM MOIepevyHble
kosiebaHus (puc.14b).

To »ke OTHOCUTCA M K OCTaJbHBIM MMKPOYACTUIAM, NPOSBJSAIOIIUM KOPIYCKYJISPHO-
BOJIHOBble CBOWCTBA. /JlaHHBIE paCCYKJE€HUsl KacaloTCd U TPaBUTOHOB, BKJIIOYast
COOTBETCTBYIOIIME KM MHKPOYACTHIbl MPOTUBOMOJIO)KHOIO MaccOBOro 3apsija.
[TocienHue, Tak xke, Kak U GOTOHBI AOKHBI IPOSBAATL CBOMCTBA BOJIHBI U YAaCTULbI, HO
y»Ke B OPTOTOHAJIbHBIX [10 OTHOIIEHHWIO K GOTOHY NoANpOCTpaHCcTBax (puc.15a, 15b).
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Fuec. 15. Jedcpopmaiun snekmpomMasH uimiHo-
20 NIPOCIMPancIGa 2pasuUImoroM: -b)'_xax 2pasuimaUoHHO-CITUHOEOU 80/THO.
a) kak yacmuyei;

Takum o6pa3oM, ayanusM GOTOHOB, 'PABUTOHOB, a TaK e U JIPYTHX MHUKPOYACTHUI]
MO>KHO OOGBSICHUTb T€M, YTO B OJHOM NPOCTPAHCTBE OHU BeAyT cebsl KaK BOJIHA, a B
JIPyrOM KaK 4acTHlla. B COBOKYNHOM >Ke MPOCTPAHCTBe MMeEET MeCTO OJJHOBpeMEHHOe
NpOsIBJIeHWE BOJIHOBbIX M KOPIYCKYJISIPHBIX CBOWCTB YKa3aHHBIX MHKPOYACTHII.
PaccMoTpeHHasi Aya/JibHOCTb J0OJDKHA MPOSIBJASTHCS:

Kak B (+),

Tak U B (-)

HOAIPOCTPAHCTBAX KAXK/JOT'0 U3 MPOCTPAHCTB.

U3 mpeablAymiux pacCyJeHUM, KacalwlUXCi TeOMeTPUH OpPTOTOHAJbHO-BJIOXKEHHBIX
Jipyr B JApyra NpPOCTPaHCTB CJeAyeT TaK e, 4yTo JedopManus 3TUX HPOCTPAHCTB
XapaKTepHa He TOJIbKO /i1 (GOTOHOB W T'PAaBUTOHOB (KBAaHTOB TI'PaBUTALMOHHO-
CIIMHOBOTO MO0JIS1), HO U JJsl JIIOObIX ABWXKYILIMXCS B 3THUX NMPOCTPAHCTBAX 4acTHUL, U
MaTepuabHbIX TeJ. Tak Kak, 06a MPOCTpaHCTBA OPTOrOHaJbHBI JAPYr K ApPYry, TO




febopMUpys OJHO MPOCTPAHCTBO, [IBUrasiCb B HEM IONEPEK ero CTPYKTYphl, JaHHbIE
yacTullbl U TesJa He JAepopMHUpYIOT JApYyr JApyra, [ABUTAsiCb  BAOJb  CTPYKTYpbI
COOTBETCTBYIOLIEro MPOCTPAHCTBA TAK, KAK Mbl IOHWMaeM Oe3bIHEPLIMOHHOE JIBUKEHHE.
[lono6HOE siBJieHHEe CBOOOJHOTO IMepeMellleHUs1 MaTepuajJbHbIX TeJ W 4YacTUl, B
IPOCTPAHCTBE MOXXHO OOPA3HO CPaBHUThb C TeM, KaK €CJU Obl, HalpUMep, 3JEKTPOH
JIBUTQJICS BJIOJIb MarHUTHOW CUJIOBOW TPYOKH He coBepluasi paboThl. Bo3MoXHO, 4TO

UHepyusl wu onpejenseTca CTPYKTYpOM NPOCTPAHCTBA, TaK Kak JAedopManus
NocJeHero JOJDKHA MPUBOJUTb K IPOTUBOJEHCTBUIO HA JBWXyLlHecd B HEM
MaTepuaJibHble 00beKThbl. be3blHEpLIMOHHOE Ke [BUXXeHHe 3THUX 0O'beKTOB B JpyroM
IPOCTPAHCTe, IZle TakoW JedopMaluy He NPOUCXOJUT, B CBOK O4Yepesb, JOJHKHO
NpUBOJAUTb K CBOOOJHOMY IlepeMelleHHUI0 3THUX TeJ 4Yepe3 MaTepUaslbHYK Cpeay
yKa3aHHOI'0 NpocTpaHcTBa. [Ipu 3ToM, B3auMoJelCcTBUe Tesa U CpeJ, OJHOTO U3 [BYX
OPTOrOHAJIBHBIX NIPOCTPAHCTB C TeJIaMHU U CpeJlaMHU Apyroro MoXeT NPOUCXOAUTD JIMUIb
Ha I0JIEBOM YPOBHe, II0CKOJIbKY I10JIeBasi KOMIIOHEHTA 110 OTHOLIEHHUIO K BellleCTBEeHHOHU
(kak 0TMevasoCh BhllIe) AePpOpMUpPYET NPOTHUBOIOJI0XKHOE NPOCTPAHCTBO. C MPpUHATHEM
TMIIOTE3bl CyLeCTBOBaHUA JBYX IPOCTPAHCTB: 3JIEKTPOMArHUTHOIO U
IrPaBUTALMOHHOCIMHOBOI0O HEOO0XOJWMO B JajibHellleM pasu4yaTb aHTUYACTUIbI 10
3JIEKTpPUYECKOMY H MaccoBoMmy 3apsigam. Ha pucynke (12c), ob6ujas kKapTUHaA
OPTOrOHAJIbHO-BJIOXKEHHBIX JpYT B Jpyra INpPOCTPAHCTB INpeJCTaBJeHa B JBYXMEPHOM
BUJle HAa KoopAuHaTHOU muockoctu (XOY). 3xpech, koopauHaTHble npsaMble (-XO0X) u
(-YOY) npeacraBiaAlOT co60M OAHOMEpHble MPOEKLHUM TPaHUYHBIX [JIOCKOCTEH
paszesAoLux, COOTBETCTBEHHO, IrpaBUTALMOHHOCIIMHOBOE (puc.12a) %
3JIeKTpoMarHuTHoe (puc.12b) mpocTpaHcTBa Ha /ABa MOANPOCTPAHCTBA C Pa3JIMYHbIMU
3HaKaMHM COOTBETCTBYIOLIMX IOTEHLMAJOB W 3apAfoB. YKasaHHble T'paHUYHbIE
NOBEPXHOCTH, KaK IOBEPXHOCTM CHMMETPHUMU MPOTUBONOJIOXKHBIX 3apsloB U
NOTEHLMaJIOB COOTBETCTBYIOT UX HYJIEBBIM 3HAa4€HUAM 4YTO, B CBOIO OYepe/b, OTBEeYaeT
XapaKTepUCcTHUKaM $pU3HUecKoro Bakyyma; A (-XOX) - rpaBUTaLMOHHO-CIIMHOBOTO, A1
(-YOY) - anneKTpOMarHUTHOTO, COOTBETCTBEHHO. B TpHMBHa/IbHOM OJHOMEPHOM BH/E, KaK
(-X0X), Tak u (-YOY) M0>KHO paccCMaTPHUBaTh KaK OC CUMMETPUH BJIOKEHHBIX COCTOTHUMN
COOTBETCTBYIOLIMX aHTHUYACTHUL, (-). YKa3aHHble MOBEPXHOCTH pasjeJia NpeACTaBJISIOT
coboil CcBOeoOpasHble YIpyrue MNPOCTPAHCTBEHHble MeMOpaHbl, MNPUBOJUMBbIE B
BUOPALlMOHHO-BOJIHOBOE JBM)K€HHe, 00pa3yeMbIMHM IPHU AHHUTWIALMU AHTHUYACTHL,
doToHaMU U TPaBUTOHAMU, COOTBETCTBeHHO (puc.16 a, b, ¢, d).
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q)
Puc.16 Cxema annueunsyuu. a) B epa-
SUMAUUOHHO-CITUHOSOM  NPOGITPAaHCITGe,
OnA Yacmuubl U aHmMUYacmuub! (KPYXKU G

4epHoll u cepoll WMpUXosKol), pasmria-

[UXCR 3HAKOM Maccosoeo 3apnda. Cmpen-
Ku ykasbigalom Ha Hanpaenedue esaumHol
dHAUB UL YacuL.

o)

b) Kapmuna encxexubix cocmonnuil npoan-

HU2WTPOBAGLIUX Yacmui

¢) u d) ToXe 6 AISKMPOMASHUIMHOM 1ipO-
CpancmMee Aris Yacmuiibl UaHMUMacuybl,
PacAUMaIOULUXCH 3HAKOM 11EXMpUNEckoso
3apsada.
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d)

TakuMm o06pasoM, [omnylieHHe CyLeCTBOBAaHUS /[IByX OPTOTOHAJbHO BJIOXKEHHBIX
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C)
NpPOCTPAaHCTB, W3 KOTOPBIX KaXKJ0e pa3fe/leHO COOTBETCTBYWUIUM (QU3UYECKUM
BaKyyMOM Ha /JBa NOJANPOCTPAaHCTBa, NPUBOAUT K BO3MOXHOCTHU CyIleCTBOBaHHUSA
YeThIpEX BUJ0B YacTUL (B JAHHOM cJly4ae, 3JIEKTPOHA) M YeTbIPEX BU/I0B aHHUTUJIALUU
Mexxay HUMH (puc.11). YkasaHHble aHHUTWIALHWM, B CBOIO oOYepelb, NPUBOJAT K
NOPOX/JEHUI0 YeTbIpEX BHUJOB H3JIy4eHUs, U3 KOTOpbIX JBa MNpPeJCTaBJAT COOOU
3JIEKTPOMarHuTHOe, a /JiBa TIPaBUTALMOHHO-CIIMHOBOE, pa3/IMYAKOIUXCA 3HAKOM
epeHOCUMOU MMM 3HEeprud M HalpaBJeHUMeM XoJa BpeMeHHM. Bbicka3zaHHas TOYKa
3peHusd COrJIacyeTcsl C TUIOTe30M, NpeI0)KeHHOW U3BeCTHBIM aMepUKaHCKUM GU3UKOM
P. ®eitnMaHOM [9], cors1acHO KOTOPOM aHTUYACTHUIA — MO3UTPOH pacCcMaTpUBaeTCs Kak
3JIEKTPOH, ABWXKYILUKCA 00paTHO BO BpeMeHHU. [IpoJiomkasa fasibHellIMe paccyXJeHns
0 U3JlaraeMoy BbIlle TeMe M pacCMOTPeB MeXaHU3M aHHUTWIALMU MUKPOYACTHUL, Ha
npuMepe 3J1eKTPOHHO-NIO3UTPOHHOW Naphl, Mbl MOKEM, HAaKOHel], aThb OTBET Ha BONPOC,
KacallUicA NpUpPOJbl BelllecTBAa M IMOPOXJAeMOro UM M3JIlyYeHUs, KaK B
3JIEKTPOMarHMTHOM, TaK U B 'PaBUTALlMOHHOCIIMHOBOM IPOCTpaHCTBaX. Tak, HanpuMmep,
YTO KacaeTcd aHTUBEIeCTBa, dbopmupyemoro B obs1acTr HeraTMBHOTO
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rPaBUTALMOHHO-CIIMHOBOTO MOANPOCTPAHCTBA, TO €ro CTPYKTypa [JOJDKHA TaK XKe
NpeJCTaB/JIATb COO0M 3epKaJbHOe OTOOpaKeHHe CTPYKTYphbl BellleCTBa NO3UTUBHOTO
NOAIPOCTPAHCTBA. B cOOTBeTCTBHE C 3THUM, aHTHATOM JOJOKEH MpeACTaBJIATb COOOHU
oOpa3oBaHHe B LieHTpPe KOTOPOr0 HAaxXOJAWUTCA OTPULATEJbHO 3apshKeHHoe fA4po, a
OKpy:Kallasg ero 060JI04Ka JO0/DKHA ObITh 3al0JIHEHA MOJIOXKUTENBbHO 3apsKeHHbIMHU
aHTUNO3UTPOHAMHU. [lopsAAOK ke 3anoJHeHUs 0600JI0YKY aHTHATOMa aHTUIIO3UTPOHAMY,
KaK Y JiJI1 aTOMOB OObIYHOI'0O BellecTBa J0J/DKeH NoAYUHAThCA npuHuuny Iayau [5]. B
3TOM CBA3M, AHTUIO3UTPOHBI, TaK >X€ KaK M aHTHU3JEeKTPOHbl MOXHO Ha3BaThb
aHTUEPMUOHAMH, TOCKOJbKY HMX chuH; S= - %h. OCHOBHBIMH XapaKTepUCTHKaMH,
OTJINYAKUIMMU YaCTUIbl HETaTUBHOTO PAaBUTALLMOHHO-CIMHOBOTO NOAIIPOCTPAHCTBA OT
4acTHUL, IO3UTUBHOTO IOJNPOCTPAHCTBA, KaK BbIlle OTMeYasoCh, ABJAKTCA UX
OoTpULlaTeJbHAsA Macca, MPOTUBONOJIOXKHO HAIlpaBJeHHbIA CIOWUH W OJUHAKOBO
HanpaBJIeHHbIA MarHUTHbBIM MOMeHT. /JlaHHble MHMKpOYaCTHULbI, BCTyllasd B IpoLecc
AHHUTWJISLIMU C OAHOTUIIHBIMHU YaCTULAMHU IO3UTHUBHOI'0 NOANPOCTPAHCTBA, HOPOXKAAIT
rPaBUTALMOHHO-CIIMHOBble  BOJIHBI (Ha30BéM UMX B TPaAULMUOHHOM  CMBbIC/Ie
rpaButoHamu). [lapajjokca/ibHO, TO, YTO YKa3aHHble BOJIHbI, MpPeJCTaBJsAS COOOM
nornepeyHble KoJiebaHHWA BEKTOPOB TPAaBUTALlMOHHOTO W CIIMHOBOTO I0JIs, JOJIKHBI
HeCTH, TeEM He MeHee, 3JIEKTPOCTAaTUYEeCKYI0 IHEPrUI0 IPOAaHHUTUIMPOBABIIMX MACCOBBIX
3apsAAoB. OflHaKO MoJ060HAs KapTHHA XapaKTepHa M [/ 3JIeKTPOMarHUTHOro ¢GoToHa.
[IpeacTaBiiss cob0 nmonepeyHble KoJe6aHUA 31€KTPUYECKOTO U MarHUTHOTO BEKTOPOB
OH, TeM He MeHee, HECET He 3JIeKTPOCTAaTUYeCKYI0 3HEPIHUI0, BCYNAIOIMUX B aHHUTUJIALIUIO
3apA/i0B, @ IHEPTHI0 PaBHYI0 CYMMapHOM 3HEpPrUU Macc oKos o6eux yactul,. [loaTtomy, ¢
3TOM TOYKM 3peHMs], NpUBeJEHHAs aHaJOTUsl fABJsSeTCA BIOJIHe NpaBoMepHoH. Eciu
BOCII0JIb30BaThCsl KJIAacCMYecKoW (opMysioll A/ns onpejesieHUs 3JeKTPOCTaTHYeCKON
3Hepruu 3jeKkTpoHa B cucteme CI'CI [8], To MOXKHO NPOU3BECTU NPUOJTMKEHHYIO OLIEHKY
9HEPruy rpaBUTOHA - Er, BO3HMKaIOLIEro Npu aHHUTUJIALMY, HAaIpUMeDp, 3J1eKTPOHHO-
AHTHUAJIEKTPOHHOU mapkl. (B paHee ony6/iMKoBaHHON KHUTK aBTopa [10], Takas oleHKa
3JIEKTPOCTATUYECKOW 3HEPTHHU 3JIeKTPOHA IPOBO/UJIACh, OJHAKO OHA ObLjIa pOU3Be/ieHa
HeNpaBUJIbHO, YTO NPUBEJIO K CYLleCTBEHHO 3aHM)XEHHOMY 3HAueHHUI0 e€ BeJMYMHBI).
JdJIeKTpoCcTaTUUEeCKasl IHEePTHs, 3JIeKTPOHA, peJicTaB/sieMas KiacCuieckor GopMyJsion B
cucteme CI'CI, ompegesiseTcs Kak: me1c2= 2/3 ez/I‘e , TJle Mel; €; Te — Macca
3JIEKTPOHA, ero 3apsaja U paauyc (knaccuueckuit). IlofcraBissa B AaHHy GopMyay
3HauyeHMe 3apaza; e = 4,8.10 -10 anekTpocTar. eA., U pagryca ajieKTpoHa; r = 1,88.10-13cm.
[8] (egunHuLbI BbIOpaHbI B cucTeMe CI'CI), mosyyaeM il 9/1eKTPOCTAaTUYECKON 3HEPTUHU
3JIEKTPOHA B 3JIEKTpPOH-BosibTaX; E ~ 0,51.10%B. B cooTBeTCTBUE C 3TUM, A
BCYNAIIMX B IPOLeCC aHHUTUJIALIMU 3JIEKTPOHA U aHTU3JIEKTPOHA 3JIEKTPOCTaTUYeCKas
3Heprusi 06enx CyMMUPYeTCs U CTAHOBUTCSI paBHOM 3Hepruu ¢poToHa, 06pa3zyeMoro npu
AHHUTW/IALMU 3JIeKTPOHHO-NIO3UTPOHHOU MNapbl. JHEPrus INOCJeJHero, Kak HM3BeCTHO
paBHa 1,02 m3B.

TakuM 06pa3oM, Mbl IPULLJIN K BBIBOAY O TOM, HTO 3HEPrus rpaBUTOHA 06pa3yeMoro lpu
AHHUTUJIALMU 3JIETPOHA C AaHTU3JIEKTPOHOM B 3JIEKTPOMAarHMTHOM IIPOCTPAHCTe paBHA
Hepruu (GOTOHAa, 06pP3yeMOro NpU AHHUTHJIALMU 3JEKTPOHHO-NMO3UTPOHHOW MNaphbl B
FPaBUTALMOHHO-CIIMHOBOM NpocTpaHcTBe, OTcrofa ciefyeT BaXXHBIM BbIBOJ, YTO
rpaBUTOH MpeJCTaB/sseT CO60M, HUYTO UHOE, KaK 06pa3 ¢pOoTOHA B 3JIEKTPOMAarHUTHOM
npoctpaHcTBe. To ke, NO-BUAMMOMY, OTHOCHUTCA M K JPYrMM MHUKpPOYacCTHLAM,
NpPOABJAIMM KapIyCKyJIAPHO-BOJIHOBbIe CBOMCTBA. KaxAad U3 TaKUX 4acCTHUL, TaK XKe
JlOJDKHa HMMeTb CBOM 00pa3 B 3JIEKTPOMAarHUTHOM MNpOCTpaHcTBe. B cBoé Bpewms,
M3BECTHbIM aMepuKaHCKUN ¢usuk Makc BopH paccmaTpuBas Bompoc, obJsajaeT Jiu
3JIEKTPOH 3JIEKTPOMarHUTHOU Maccou [8]? OfHako, 0 CUX MOp 3TOT BONPOC OCTAETCHA
OTKpBITBIM. M3 BBILIEU3/IO)KEHHOTO e CJeAyeT, YTO TakKasd Macca JeHCTBUTEJbHO
CyLIeCTBYeT, HO CyllecTByeT He B HalleM OOBbIYHOM, TIPaBUTALMOHHOCIHHOBOM




IPOCTPAHCTBE, a B INPOCTPAHCTBe — 3JIeKTpoMarHuTHoM. I[IpoBojsa mnofo06HBIE
paccyJieHud ciefyeT, OJJHAKO UMeTb BBU/JY, YTO PAaCCMOTPEHHAs Bblllle aHHUTHUJIALMS,
NpUBOJAILAA K POXAEHUI0 TPaBUTALUOHHOCIHMHOBOI'O HW3JIyYeHUsS MOXeT OBbITh
3aTpyJHEeHa, B CBA3M C HaJIMYUEM CHJI 3JIEKTPOCTATHYECKOTO OTTAJKUBAHUA MEXAy
OJIHOMMEHHO 3aps>KeHHBIMU aHTH4YacTULLAMU. OJHAKO, KaK CJelyeT U3 NPUBeJAEHHON Ha
pucyHke (11), cxeMbl aHHUTWIALMH, NPU Iepexojie OT I'PaBUTALMOHHOCIHHOBOTO
NPOCTPAHCTBA K D3JIEKTPOMAarHUTHOMY, B CHJly CHMMETPHUM OTHOLIEHWH, [JOJKHBI
U3MEHATbCA 3apsd/loBble M WHEpPLMOHHble CBOMCTBA BCYNAWIIUX B AHHUTUJALUIO
aHTHYaCTHUL, JlaHHBIN BBIBOJ AABJIAETCA CJeACTBUEM [yaJbHOCTH, IPOSIBJIEHHE KOTOPOH B
OKpyKalollleM Hac MHpe, BeJET K HaJMYUI0O 4YeTbIPEX BHUJOB: BellecTBa, IOJed HU
B3aumogeiicteuid [10]. B cBA3M Cc 3TUM, CBOMCTBA YaCTUL, B 3J€KTPOMAarHUTHOM
IPOCTPAHCTBE oyayT OTJINYAThCA oT TaKOBBIX B IPOCTPAHCTBE
rPaBUTALlMOHHOCIUHOBOM. /JlaHHble OT/JIMYMA 3aKJK4YalTCd B TOM, 4YTO CHOHUHBI U
MarHMTHble MOMEHTbl aHTHMYacTHL, a TaK >Xe MX Macca M 3apsj, NpU Iepexojie OT
rPaBUTALlMOHHOCIIMHOBOI'O NPOCTPAHCTBA K 3JIEKTPOMAarHATHOMY MEHSIOTCA POJIIMHU.
WHavye roBops, CHMH YaCTULbl B 3JKTPOMarHMUTHOM IIPOCTPAHCTBe BeAET cebs
aHAJIOTUYHO MarHMTHOMY MOMEHTY B TIPaBUTAlAOHHOCIMHOBOM IIPOCTPAHCTBE,
MarHUTHBIN e MOMEHT, B CBOIO odepeJib, 0OpeTaeT CBOMCTBO CIMHA. TO ke KacaeTcsd
Maccbl, KaK XapaKTepUCTHKHU CIIMHA 4YacTULbl M 3apdfa, KakK XapaKTepUCTHUKU
MarHMTHOro MoMeHTa. Macca B 3JIeKTPOMarHMTHOM IIPOCTPAaHCTBE 0OpeTaeT CBOWCTBO
3apsZa, B TO BpeMs KaK 3JIEKTPUYECKUU 3apsj] NposiBJsAeT 3/4eCb CBOUCTBO UHEPTHOU
maccel. [locefHee NPUBOJUT K TOMY, 4YTO 3JIeKTPOCTAaTHYeCKOe OTTaJIKUBaHHe
3apsKeHHbIX aHTHUYACTHUL MEHAeTCAd HAa MX IPABUTALMOHHOCTATH4YeCKOe NPUTKEHUe,
KaK aHTU4YaCTUL, UMEWIIUX Telepb Pa3HOMMEHHblE MacCOBble 3apsbl. ITO CHUMaeT
BblllIeyKa3aHHOe IPOTUBOpeYHe U N03BOJIAeT pacCMaTPUBATh AaHHUTHJIALAIO 3JIEKTPOHA
M aHTHU3JIEKTPOHA B 3JIEKTPOMAarHUTHOM NIPOCTPAHCTBE HACTOJIBKO K€ BEPOATHOM, KaK U
AHHUTWISALMIO 3JIEKTPOHA C MO3UTPOHOM B TPaBUTALMOHHOCIHMHOBOM HPOCTPAaHCTBE.
TakuM 06pa3oM, Kak cjeAyeT U3 BbllIeNPUBEJEHHON KapTHHbl aHHUTUAALUM (puc.11),
ec/lyM 3epKaJbHasg CHUMMeTpUS [BYX MOAINPOCTPAHCTB KaXKJOro W3 IMPOCTPAHCTB
NPUBOAUT K M3MEHEHMI0 3HaKa: 3apda/ia, Macchl, INOTEHLHaJa U BpEMEHH, TO
OpPTOrOHaJIbHAsA aCCUMETPHUs 3JIEKTPOMAarHUTHOTO U TI'PaBUTALMOHHOCIIMHOBOTO
IPOCTPAHCTB NPUBOJAUT K HU3MEHEHHWI0 HWHEPTHBIX U 3apsAJ0BbIX CBOWCTB BelllecTBa.
Bo3Bpaljasack K pacCMOTPEHHUIO CIIMHA U MAarHUTHOIO MOMEHTa aHTHUYaCTHL, CaefyeT
yKasaTb Ha TO, 4YTO CBfI3aHHBIA C MepexoJ0M OT TIPaBUTALLMOHHOCIMHOBOTO K
3JIEKTPOMarHUTHOMY MpPOCTPAaHCTBY HX OOMeH pOJIIMM MNPUBOAUT K TOMY, 4YTO
MarHMTHBIM MOMEHT aHTHUYACTHI], KaK OTMedyasioCh Bblllle, 0OOpeTaeT CBOMCTBO CIIMHA, B
TO BpeMs KaK CIIMH oOpeTaeT CBOWCTBO MarHUTHOIO MOMeHTa. MlHaye roBops, CIMHBI,
B3aMMO/IeHCTBYIOLIMX B 3JIEKTPOMAarHUTHOM NPOCTPAHCTBe aHTUYACTHUL] He SAABJISAIOTCA, B
JIAHHOM CJly4yae, IPOCTOW MeXaHUYEeCKOW XapaKTepPUCTUKOM BPALLAKIIUXCA 3apsAKeHHbIX
yactul. OHU NpefCTaBAAIT CO60M aHAJOT MarHUTHOTO MOMEHTA, XapaKTepU3YIOLero
HelpepbIBHOE B IIPOCTPAHCTBE CIMHOpPHOEe mnoJie. C 3TOM TOYKH 3peHHUs, IPaBOMEPHOHU
OyZeT BBIIJIAJEeTb KapTHHA, OTOOpaXkawllasd IepeMeHHOe T'PaBUTALMOHHOCIHWHOBOE
noJie (puc.10b), kak aHasior ajekTpoMarHutTHoro (puc.10a). Mcxoas u3 3TOro MOXKHO
1oJ1araTh, 4YTO B 3JIEKTPOMAarHUTHOM NPOCTPAHCTBE He TOJBKO MUKPOYACTHUIb], HO U BCe
Bpallamlidecs MaTepuhalbHble TeJa M CHUCTeMbl 00/1aJlal0T MOJAMU KpY4YeHUs, WJIU
WHa4de, BUXpeBbIMU NosiAMU [11,12], To ecTh, TeM NOJIEBBIM MaTepUaJbHbIM areHTOM,
NOCPeJCTBOM KOTOPOI'0 OCYILeCTBJISAETCH B3aUMOJEUCTBUE JIBHXKYIIUXCS MaTepUaJlbHbIX
TeJl U CUCTEM MHUKpPO, MaKpo M MeramMupa. YKasaHHble 110JI1 MOTYT NPOABJATh Ce6s Kak
CIIMH-TOPCUOHHBIE I0JI KPYy4YeHHUs NPU UX BO3JEWCTBUU HA pa3/IMYHble NPUPOJHbIE U
MoOJleJIUpyeMble  SIBJIE€HUS U NpPOLLECCHI [13,14]. B YaCTHOCTH, KakK
rPaBUTALlMOHHOCIIMHOBbIE 10JI5l, OHU MOTYT NpPOSIBJATH ce6s B BUJle MaKpOQJIYKTyaLlui




(M®) pasauuHbix mo mnpupoje npoueccoB [15]. XapakTepHbiM s M®, saBaserca
CUHXPOHHOCTb U HE3aBUCUMOCTb 3pdeKTa BO3/eiCTBUS, KaK OT PAacCTOSIHUS, TaK U OT
BUJIa Tpollecca Ha KOTOPbIA OHU BO3JeHCTBYHOT. TakuM o6pa3oM, Kak cjaeayeT U3
BbIILIEU3JIO)KEHHOTO, Hallle «4YeTbIPEXJHUKOe» MPOCTPAHCTBO IHpeACTaBJseT Co60U
CyNepHO3HULHIO0 JIBYX OPTOTOHAJIbHO BJIOKEHHBIX APYT B pyra NPOCTPAHCTB U3 KOTOPHIX
KaXk/loe, B CBOIO OYepe/ib, COCTOUT U3 JIBYX 3€PKAJIbHO PACIOJIOKEHHBIX MO/[MPOCTPAHCTB,
MO3UTUBHOI'O M HEraTUBHOTO, Pa3/IMYAOLIMXCS 3HAKOM: 3apsfia, Macchl, NOTEHLHAa,
KPUBHU3HBI U X0J]a BpeMeHU. Kaxk/j0oe U3 yKa3aHHBIX MOJANPOCTPAHCTB XapaKTepPU3YeTCs
CBOUM, CBOMCTBEHHBbIM JIMLIb €My BHUJOM BelleCTBa, MoJied U B3auMOJeHCTBUH (peub
UJET TOJbKO O TPaBUTALUOHHOCIHUHOBBIX W  3JIEKTPOMAarHUTHBIX MOJAX U
B3auMoOJlelcTBUSAX). EciM B TPBUTAIMOHHOCIUHOBOM MPOCTPAHCTBE 00EHWX 3HAKOB
BellleCTBO (GOpPMUPYeTCs W3 Pa3HOUMEHHBIX 3JEKTPUYECKH 3apsiKEHHBbIX 4YacTuL,
0O0MEHHMBAIIUXCA MEXJy COO0M KBAaHTAMH 3JIEKTPOMArHUTHOrO HW3JIy4eHHUs pPa3HbIX
3HAKOB, TO B 3JIEKTPOMarHUTHOM MPOCTPAHCTBe BelleCTBO GOpMHUPYeETCS W3 4YaCTHI],
HeCylIMX pa3sHOUMEHHbIM MaccoBbIA 3aps/. /JlaHHble 4YacTULbl, B CBOI O4Yepeb,
0O0MEHHMBAIOTCS MeX/ly CO60M KBAHTAaMU I'PaBUTAIMOHHOCIIMHOBOI'O HU3JIy4eHUsI Pa3HOTO
3HaKa. BelecTBO 3/IEKTPOMarHUTHOTO MPOCTPAHCTBA NPU CBOEM IOCTPOEHHUHU, TaK Ke
OyZleT CTpeMUTbCS K 3apsi/loBOM HEUTpaJbHOCTH U K KOHCOJWAALMUM B
COOTBETCTBYIOIEH TPABUTAIMOHHOM «sIME€» 3JIEKTPOMAarHUTHOTO MpoCTpaHcTBa. [lpu
3TOM, CBOMCTBOM MHEPTHOCTH B TaKOM NPOCTPAHCTBe OyJeT 06JiaZilaTh He 0ObIuHAs, a
3JIEKTPOMArHUTHas Macca.

BpemMs B «4eTHIPEXJIMKOM» MPOCTPAHCTBE

C mnpuHATHEM TUIOTe3bl CYLIeCTBOBAaHUA [BYX IPOCTPAHCTB CaMbIM, MOXaJlyH,
napaZoKCaJbHbIM CeJICTBUEM OYJET, TO, YTO BCBSA3U C OPTOTOHAJIbHOCTBIO IPOCTPAHCTB
OPTOrOHAJIBHBIM OyZleT U OTHOCUTEJIbHBIN X0/ BDEMEHH B HUX.

A iCtre A Kam

q)

Puc. 17 a) Mokasax rnogopom npocmpaHc- 6) Pesynibmaim nosopoma npocimpancimea

mea Murkoeckoeo npomue Yacogoll Munkoeckoao Ha 90" MpuUeQOU K mpaHc-
cmpenku. Wimpuxamu obo3HayeHbl MUpo- cbopmaiLil 2pasumaluoHHO-CILUHOB020

8bi€ MUY, Xoc, U ICl:cTPOCMPAHCIMBEHHAA  NPOCTPAHCMEa epeMEHU 8 MEKMPOMAas-HUMHOE,
U 8peMeHHas KoopouHambl epasuUmMaUUoH- ¢ koopluHamamil Xaw, iClaw.

HO-CUHOBO20 NMPOCIMPAHCITIeA.




CnefoBaTesbHO, 3JIEKTPOMAarHWUTHOE NPOCTPAHCTBO 06pasyeTcsa NyTéM MoBopoTa (B
paccMaTpUBaeMOM cJlydyae NPOTHUB 4YaCOBOM CTPeJIKM) OCH Hallero 06bIYHOTO BpEMEHH, a
BMeCTe C HUM U BCero 4eThbIpéXMepHOro MHOroobpasusa MuHkosckoro Ha 900 Bokpyr ocy,
NpOXoJsAlleN 4Yepe3 LEeHTP KOOPAWHATHOW CUCTeMbl. Takod IOBOPOT, B OTJHAYHUE OT
NOBOPOTAa KOOPJAWHATHOM CUCTEMbl B TpPEXMEpPHOM IPOCTPAHCTBe, SABJAETCA
aHU30TPOMNHBIM, NIOCKOJIbKY MPUBOAUT K TpaHCPOpMaLMU He TOJIbKO MPOCTPAHCTBA U
BpeMEeHH, HO U BU/Ia BellleCTBa, ero 3aps0BblX U HHEPLUOHHBIX CBOUCTB, BU/a N0JIed U
B3aUMO/J e CTBUH. JleiCTBUTENIbHO, KaK BUAHO U3 pUCYHKOB (17a) u (17b), B pesysbTaTte
NOBOPOTAa KOOPJAMHATHOM CUCTEMBbI I'PAaBUTALMOHHOCIMHOBOIO MpOCTpaHcTBA Ha 909,
MHUPOBbI€ JIMHUH 3JIeEKTPOMAarHUTHOTO U3/Iy4YeHHUs JaHHOTO NPOCTPAHCTBA COBMEIAI0TCA
C MHUPOBBIMM JIMHUSIMH 3JIEKTPOMAarHUTHOTO IPOCTPAHCTBA, 4YTO, B CBOI oOYepeJb
JIOJDKHO ~ NPUBOJUTb K TpaHcGOpMaLMUM  3JEeKTPOMAarHUTHOTO  H3JlyYeHUs B
rpaBUTAalMOHHO-CIMHOBOe. WHaye roBops, Kak yXe OTMedaJoCh BbIlle, T'PaBUTOH
SIBJISIETCS, HUYeM MHBIM, KaKk 06pa3oM $OTOHA B 3JIEKTPOMarHMTHOM MpOCTpaHCTBe. U3
NPUBEAEHHBIX PACCYKAEHUH CJIelyeT, YTO CKOPOCThb PpAcpoCTPaHEeHUA TPaBUTALMOHHO-
CIIMHOBOTO M3JIy4eHUs1 B 3JIEKTPOMAarHMUTHOM NPOCTPAHCTBE TaK e paBHA CKOPOCTHU
ceeta. C Apyrom CTOPOHBI, CKOPOCTb PAaCHpOCTPAHEHHUs TOrO Xe U3Jy4YeHUs B HalleM
rPaBUTALlMOHHOCIIMHOBOM IPOCTPAHCTBe OyZeT MrHOBeHHOM. [lociefHee oObscCHAETCA
TeM, YTO BBHUJY OPTOTOHAJHOCTHM BpEMEH, NpOeKLHUs KOOpPAUHATBl BpeMeHHU
3JIEKTPOMAarHUTHOrO IPOCTPAHCTBA Ha OCb BpeMEeHHW TIPaBUTALHUOHHOCIHHOBOIO
NpOCTpaHCTBa (B COOGCTBEHHOW CUCTEME OTCY€Ta) OyAeT paBHATbCA HyJ 0. B To ke
BpeMs], TIIOCKOJIbKY B pe3yJbTaTe I0BOPOTa 4YeTbIPEXMEPHOrO0 MHOroobpasus
MuHKOBCKOro Ha 90° 1@poCTpaHCTBO U BpeMs MEHAKTCAd  pOJIAMH, TO
3JIEKTPOMarHUTHOe NPOCTPAHCTBO OyAeT MpeAcCTaBJAATb AJA HAac, HAYTO HHOe, KakK
NPOCTPAaHCTBO  BpeMeHW. B  c¢BA3M ¢  3TuM, JopMupyeMble B  HEM
rPaBUTALlMOHHOCIMHOBbIE U CHHWHOBble TMOJIA OyAyT BOCHPUHMMATbCA B HalleM
IPOCTPAHCTBE KaK XpOHaJibHble-UHPOpMaloHHbIe noJid [16]. C fJaHHOUW TOYKM 3peHus,
BCeé CaMOOpraHM30BaHHble OOBEKTBbI, BKJKYAaA W  4YeJOBeKa, ABJANLKUXCA
npeJCcTaBUTENSIMU COBOKYITHOTO IPOCTPAHCTBA, AO/KHBI IPOABIATH Ce051 KaK 00'bEKTHI,
o6Jlajialole HapsAy C U3BeCTHBIMU QU3UYECKUMH IMOJIAMHU, TaK Ke U XPOHaJIbHbIMMU.
YKasaHHble 10JI1 MOTYT INpOSBJAATbH Cebs B HalleM NPOCTPAHCTBe B BuJe 3ddekxTa
M3MeHEeHUS CKOPOCTH (PU3NYECKUX, XUMUYECKHX, OUOJIOTUYECKUX, COLMAJbHBIX U T.II.
NpOLEeCCOB, BJMASA YHUBEpCAaJbHbIM 00pa3oM Ha BCe WX BHU/bl, HAalpUMep, U3MeHAA
KOHCTAaHTbl B3aMMO/IeMCTBHS, BJIUAA Ha X0/, pa/IMOAaKTUBHOTO pacnaZa U Tak fajee. [Ipu
3TOM, BBHU/ly MTHOBEHHOJEWCTBUS YKa3aHHBbIX IOJIeM, TaKoro poja BJUsSHHE OyJeT
NpoABJAATh cebsd OJHOBPEMEHHO BO BCEM OKpyXamwlieM mnpoctpaHcTBe. [lociennee
yTBepXK/JeHHUe, MOXKeT MpPOJUTh cBeT Ha OTKpbIThIA C. Bessiom 3¢pdekT MrHoBeHHOrO,
HeJIOKaJIbHOTO B3aUMO/IeMCTBUS, U3BECTHBIN Kak «TeopeMa besta» [17,18].

CorsnacHo teopeme besia, mMexay ABYyMS MHUKPOYACTHIIAMH, KOIAa-JIndo

BXOJMBIIUMHM B KOHTAKT, CYHIECTBYeT HEKOTOPBIA BH] umo&ammoﬁ

CBSI3M, TAK 4YTO HM3MEeHeHHe KaKOro-Jin0o mapamMerpa (HampuMmep CIIMHA)
O/THOM W3 HUX NMPHBOAUT K MTHOBEHHOMY M3MEHEHHMIO TOI0 Ke mapaMerpa y
JAPYroi, He 3aBUCHMO OT PACCTOSIHUSA, UX Pa3deJISI0lIero.

[Togo6HBIA 30PEeKT MOXKET ObITh O0bACHEH TeM, 4TO, POTOH, KaK, MO-BUJUMOMY, U
JIpyrvie MUKpOYacTHUIlbl, UMEIOT CBOMX JBOMHHUKOB B 3JIEKTPOMAarHUTHOM MPOCTPAHCTBE
M MOTYT MTHOBEHHO BJIMAThH 4Yepe3 HUX JApPYr Ha Apyra. M3 aToro cieayert, Tak xe,
Ba)KHbIA BBIBOJT O TOM, YTO BCE€ CAaMOOpPTaHU30BaHHbIE CHUCTEMbl MHKPO, MaKpo H
MerakocMoca  QYHKIMOHUPYIOT KAk eJMHOe liesoe  6Jaroaps  HaJIUYUIO




3JIEKTPOMArHUTHOI'O INIPOCTPAHCTBA, C IPUCYIIMMH €MY IIOJIAMH, IPOABJJI€EHHE KOTOPLIX B
HaleM rpaBUTAIUOHHO-CIIMHOBOM MpOoCTpPpaHCTBE XapaKTepu3yeTcd
MFHOBEHHOAEﬁCTBHEM. l'locne,aHee obecrieyrBaeT eJIOCTHOCTb BCEM CHUCTeMbl, Kak
€ANHOIr'o OpraHu3Ma. Takum 06p330M, BpalleHue MHUupa MMHKOBCKOTO AOJI2KHO
MNpUBOJUTL K 3BOJIIOIIUH CAMOOPraHU3O0BAHHBLIX Te€J M CHCTEM 4Yepe3 NoCpeACTBO HUX
nepexoaga M3 OgHOro nmoAInpoCTpaHCTBaA B APyToe.

Puc.18.

a) PacnonoxeHue cmpesibl 8peMeHU ICt, npocmpaHcmeeHHoU koopduHambi X,MupoebIx nuHull 8
ro10XKUMesibHOM 2pasumauUOHHO-CIIUHO80M 100MNPOCMPaHCImMee- 8PeMeHU.

ICt.e, Xoe- coomeememeyrowue daHHOMY MoAnpocmMpaHcmey- 8peMeHuU KoopOUHaMBI.

b) To xe &(+) anekmpomazHumHom nodnpocmparcmee- apemeHu, 20e Xy, u 1CT 4y,
coomeemcmeyroujue 3momy rnodrnpocmpaHcmey- 8pemMeHU KOopouHambI.

c)Toxe 8 (-) epasumayuoOHHO-CNUHO80OM 100MPOCMPAaHCMee 8PEMEHU.

d) To xe 8 (-) anekmpomazHum+Hom NOONPOCMpPaHcmMee- 8peMeHU

B npouecce Takoro BpalleHHUs, yKa3aHHble TeJla U CHCTEMBI 06peTaloT BCe CBOMCTBA TOTO
NOJIPOCTPAHCTBA, B KOTOpOe OHY nonajaroT. [Ipyu aToM, KaxJ0My U3 NOANPOCTPAHCTB,
KaK  3JIeKTPOMarHMTHOro, TakK W  TIPaBUTALlMOHHOCIMHOBOI'O  MPOCTPAHCTBA
COOTBETCTBYeT CBOSl ONpe/ie/iéHHAas OpPeMHTALMs OCH BpeMeHM U NPOCTPAHCTBEHHBIX
koopauHat (puc.18a, b, ¢, d).

CaredosamenvHo, BPEMSs, no-eudumomy, MoixHcem meyb He MmMOJAbKO &
onpede/néHHOM Hanpas/eHuu, Hanpumep, OmM npoulL1020 Yepe3 Hacmosujee K

6ydywemy, HO U nepemewjamsCcsi N0 3aAMKHYmMoMy Kpyzy, cogepuiasi epaujameibHoe
dsudiceHue.

Pe3y/ibTaTOM 3THX JBYX HalpaBJIeHUH NlepeMellleHUs] BpeMeHH OYy/IeT ero JIBUXKeHHe 10
pacxozsieicsa cnupanu (puc.19).




Puc. 19

Beornoyusi caMoopaaHU308aHHbIX Merl U CUCMeEM MUKDO, Makpo U Meaamupa,kak 08UXeHUSs
cmpernbl 8PEMEHU M0 pacxodsuwelcss criupasnu 8 “4embIpEXIUKOM” npocmpaHcmee-
8PEMEHU.

HWHuaue roBOp#d, 3BOJIOOHMUOHHOE PAa3BHUTHE HAlllero MUpa BO BPEMEHHU 6y,[[6T MpONCXOAUTDb
Ino paSBHBamHleﬁCH CIIpaJIn.

ONbITAaeMCSl C BBILIIEU3JIOXKEHHBIX TMO3UIUH PACCMOTPETh XOJ, BO3MOXHOU

3BOJIIOL UM Hauel BceneHHol. Eciu npuHATH BO BHUMaHUe, YTo BcesleHHas B

HacTosilllee BpeMsi Pa3BUBAsSACh, PACUIMPSETCS B MPOCTPAHCTBE U BPEMEHH, TO
COTJIACHO BbINIEU3JIOXKEHHOMY, MOXKET HACTYNUTh TAKOH MOMEHT, KOr/la CTpeJsia BpeMeHH!
BcesieHHOH MpPOWAET CBOE  «IIHMKOBOE» COCTOssHHe (COCTOsIHME, OTBedaloliee
HM306paXXKEHHOMY Ha pUCYHKe (18a) BepTUKaJIbHOMY MOJIOKEHUIO KOOPIUHATHI BpeMeHHU
rPaBUTALlMOHHOCIIMHOBOTO MPOCTPAHCTBA) M HAYHET IMepeMellaThbCsl, coBeplias
BblllleyKa3aHHbIA MOBOPOT NMPOTUB 4acoBOU cTpesiku. [Ipu sToM, BcesieHHas 6yzeT, kak
Obl, CBOPAaYMBATbCS B TOYKY, KAK BO BpeMEHH, TaK U B MPOCTPAHCTBE, MOCKOJIbKY, KaK
cnefyeT U3 pucyHka (20a), moBOpPOT CTpesbl BpeMeHM, a BMeTe C Held ¢
NPOCTPAHCTBEHHbBIX KOOPAHUHAT BcesleHHONW MPUBOJUT K YMEHBIIEHUI0 UX NMPOEKIUA Ha
OCM HOpPMaJIbHOTO XOJla BpeMeHHM U TMPOCTPAHCTBA B HalleM IOJIOXKUTEJTbHOM
rPpaBUTALlMOHHOCIIMHOBOM MOAIPOCTPAHCTBE-BPEMEHU. ITO PABHOCUJIBHO TOMY, YTO B
YKa3aHHOM IMOJNPOCTPAHCTBE XOJ, BpPEMEHH 3BOJIOIUHU BcesieHHOW Ha4HET
3aMe/JIAThCS, a €€ MPOCTPAHCTBO CBOpauuBaThcA. Korja B mpolecce Takoro BpaujeHus
ocb BpeMeHH BcesieHHON o6peTaeT NOJIOXKEHHE OPTOTOHAJIbHOE K MpeAbIAyIIEMY eé




HOpMasIbHOMY NoJi0keHUI0 (puc.18b), npexxaHee npocTpaHcTBO BcesleHHON MOJIHOCTBIO
TpaHcPOpMUPYeETCS B 3JIeKTpoMarHuTHoe. NHaue roBopsi, KOHEYHOM CTaJjiell 3BOIOLUHU
BcesieHHOW B HallleM MOJIOXKUTEJNbHOM TPAaBUTAIMOHHOCIMHOBOM MO/IPOCTPAHCTBE

sBJdeTca eé CBEpPThIBAaHMe B TOYKy (puc.20a) ¢ OAHOBpEMEHHBIM pacllMpeHUEeM B
MOJIOXKUTEJIbHOM 3JIEKTPOMarHUTHOM noJnpocTtpaHcTie (puc.20b).

A

d)

Puc. 20. a) lNoxazaxo usmexerue npoekytd  h) To xe, Ans anekmpoMagHilmHoao nod-
KoOpOUHaIm epeMeHl U NPpoCmpaHcmea 360- npocmpancmea epeMeny. lTokasaHo yeenu-

THOUUORUPYIOUILX 0DDEKITIOS NPH 06 OpoIme YeHue npoeKylil (paciiiupenue).

UX CIpenb epeMent 6 (1) epasumatitionHo- c) TO Xe, noKazano yMeHbilieHue npoexkyul
criiiHosoM nodnpocmpadcmee. Cmpenkami, KoopOuHaim obbekma - 20 CXamie npouc-
HANPaseHHbiMU NAPaIenh HO KOOPALHa- Xodsiiee 6 AMSKMPOMacHIMHOM ROAnRpo-
mam be, Xec, NOKAZAHDI HANPAGHSHUA YMEHb cmpancmee 6 pesynbmaime danbHeluieeo -

teHus Ux npoekuu (cxamue), 10, xO, koopduy- nosopoma cmpesnhi speMeHy obvekma.
Hambi épeMer U npocmpancinea obbekma. d) Veenuuenue npoexyull koopduHam obb-
tiimpuxamu 0boZHayeHbl MPU PEGIUYHBIX MO-  eKINa - @20 paciiupenie 6 (-) epasiimauiion-
SI0XeHUs KoopOuxaim obbexima noayyaemMbix  HO-CRUHOGOM ROONPOCMPaHCITIGe 6peMent

npu 6 patieHul CImpethi 6peMeHy.

[locnepyomuii NOBOPOT CTpeJjibl BpeMeHM MPUBOAUT K CXKaTU BceseHHOH B
3JIEKTPOMarHUTHOM NoAnpocTpaHcTBe (puc.20c), ¢ 0lHOBpEMEHHbIM pacCIIUpPeHHUEM B
OTpULIATEJbHOM TPaBUTALMOHHOCIHMHOBOM mnoAnpocTpaHcTBe (puc.20d). [JanbHeHInn
IIOBOPOT CTpeJibl BpeMeHU NPUBOJAUT K Ilepexo/ly B OTpULaTeJbHOE 3JIeKTPOMarHuTHOe




NOANPOCTPAHCTBO U TaK JaJiee, NoKa BceseHHasaA He 3aKOHYMT MOJIHBIA LUK/ 3BOJIIOLUH,
BHOBb BO3BPAaTHUBILIUCh B CBOE MCXOJHOE€ COCTOSIHME, TO €CTb, B IOJIOXKHUTeJbHOE
rpaBUTALMOHHOCIMHOBOE MOANPOCTPAHCTBO. [Ipu 3TOM, KOHEYHbIH MepexoJ]; OT
3JIEKTPOMarHUTHOTO K HallleMy TpaBUTAlMOHHOCIIMHOBOMY NOJINPOCTPAHCTBY OyZeT
COMPOBOX/AAThCS MPOLECCOM PacCIIMPEeHHUs], YTO Mbl U HAOJIIOJaeM B HaCToOslllee BpeMs.
To xe kacaeTcd M 00BEKTOB MeHbllero Maccuitaba. CoBepluasi MOJIHBI 060pOT,
3BOJIIOLIMOHUPYIOIIUK OOBEKT MJMU CHUTEMa, TaK »Ke BO3BpAlAlOTCAd B MCXOLHOE
HO/ANPOCTPAHCTBO U BpeMs, OTKy/ila HAYUHAIOT CBOU ceAyliuil [UKI pa3BUTUS. [Ipuuém,
B 3aBUCHMMOCTH OT MaclITaba 00'beKTa UM CUCTEMBI, a TaK XK€ CKOPOCTHU NPOTEKAIL[UX B
HUX 3BOJIOLMOHHBIX IPOLECCOB, CKOPOCTb BpallleHUsl CTpesjbl BpeEMeHU OyJeT
pPa3/IMYHOM.

[lofo6HOEe mnoOBeJeHHEe BpPEMEHM MOXHO O0O0Opa3HO CPaBHUTb C YacaMM, B KOTOPBIX
CKOPOCTb BpalleHUs 4aCOBOW, MUHYTHOM, CEKYHJAHOU U TaK Jajiee, CTPEJKHA MOKHO, B
KaKOW-TO Mepe, yoJ060UTh CKOPOCTU BpallleHUs CTPeJsibl BpeMeHH, WU UHAaYe, CKOPOCTH
3BOJIIOLIMU /11 TeJl M CUCTeM Pa3HOTro MacluiTaba, TaKuxX, HalpuMep, KaK rajJakTHKa,
ConHeyHasi cucteMa, 3eMJisl M, HakoHel, eé 6uochepa U 4YesioBeK. 3/eCh, KaK U B
MaclITabHOM IJIaHe COOJII0JlaeTCsl CBOEOOpa3HbIM MPUHIUN «MaTpemku». C AaHHOHU
TOYKM 3peHus], Hawmy BcejeHHyl0 MOXHO ymnoZoOUTh OOJIIMM 4acaM, C
COOTBETCTBYIOIEN HUCXO/IEN rpajjaliiell CKOPOCTU MOBOPOTA BPEMEHU OT 0O'bEKTOB
HauboJiee KPYIIHOTO K 00'beKTaM MeHblIero Macuraba. U3 atoro ciegyet, 4TO 3BOIOLUA
KaXKJ0ro 00'beKTa, BXOJSIEro B CUCTEMY 60JIblLIEero MacuiTaba Ao/KHA MPOUCXOJUTD Ha
¢doHe 3BoO/IIOLMHY 3TOM cucTeMbl. MHaue roBopsi, cTpeJia BpeMeHH 3BOJIIOLIMK YKa3aHHOTO
00'beKTa JOJKHA BpallaTbCA € 00JbIIEN CKPOCTbIO B CPAaBHEHUU CO CTPEJIOU BpeMeHHU
CUCTEMBI, B KOTOPYIO OH BXOAMT. [IpyM 3TOM, MOCKOJIbKY, BpallleHhe CTpeJsibl BpeMeHHU
o0beKTa ollepekaeT BpallleHWe CTpesbl BPeMEHH CUCTEMBI, TO JaHHBIA OOBEKT B
npolecce CBOEH 3BOJIIOIUM OyAeT MNPOXOJUTh 4Yepe3 Kax/Joe U3 MOJAMNPOCTPAHCTB
«4YeTbIPEXJIMKOTO» MPOCTPAHCTBA CUCTEMBbI, 0OpeTasi CBOMCTBA TOTO MOANPOCTPAHCTBA
CUCTEMBI, B KOTOPOE OH N0NaZiaeT B IpoLiecce CBOEU 3BOJIIOLUH.

rpaBUTALMA _TPOSBJIEHUEM, PACCMOTPEHHOrO BbIlle, BpalleHUs CTpeJibl

BpeMeHHU. 06 3TOM B [IePBYI0 OYepesib MOTYT CBU/ETEbCTBOBATh TaKhe QaKThI,
KaK CkaTue (CBopayMBaHHWe) FPaBUTHUPYIOILMX TeJ U CUCTEM, a TaK Ke 3aMejJieHue
BpeMeHM BOJM3M HUX. C JaHHOM TOYKMU 3pEHUs], MpPOLecChl TIPaBUTALMOHHOU
KOHCOJIMJALMM W  aHTUTPABUTALMOHHOM  Jerpajalldd MaTepud MOIYT  OBIThb
00yC/I0BJIEHBI IOBOPOTOM CTpeJibl BpEMEHH, a C HUM U MIPOCTPAHCTBA B YeThIPEXMEPHOM

MUpe MUWHKOBCKOTO.




HJIO, kak 00beKT «4eThIPEXJINKOr0» NPOCTPAHCTBA-BPEMEHH; €ro
HEOOBbIYHbIE NPOSBJICHUS U UX BO3MOKHbIE 00bICHEHUSA

€CMOTpS Ha 00UJIMe CBU/AETENbCKUX TOKa3aHUH, OTO — MU KUHO — IOKyMEHTOB,
pafapHbIX HAOJ/II0IEHUN U HEKOTOPBIX APYyTUX MaTepuasioB, npobsema HJIO go
CHUX MOp OCTaéTcsa HepewléHHOW. Ob6palaeT Ha ce6s1 BHUMaHHE IeJblid psij
9BJIeHUH, cBA3aHHBIX ¢ HJIO.
% 0Oe3bIHEPHHOHHOE MepeMellleHHe B MPOCTPAHCTBE,
MI'HOBEHHO€ IOsIBJICHHE H MCYe3HOBEHMeE,
CHJIOBBIE BO3CHCTBHS Ha JIIOAEH M OKPYKAOLIUe MpeAMeThl,
BO3/leiicCTBHE HA TOKONPOBOASIIINE CHCTEMBbI,
BO3/IeliCTBHE TaK:Ke Ha padoTy ABUraTeseil BHyTPEHHEIr0 CrOpaHus.
OcTaloTcs Tak Ke HeMOHATHBIMU U cBeToBble nposiBjieHus HJIO. Hanpumep; adpdekThl
MeJlJIEHHOTO NepeMelleHHs cBeTOBbIX jJyded oT HJIO, ux MCKpUBJIeHHe, IPOXOXKIeHUe
yepe3 pas/iMuHble MaTepua/ibHble Mperpajibl, BTSATMBaHUE B OOBEKT, a TaK Ke
BO3/IeHiICTBHE HA >XUBOTHBIX U 4esioBeka [19-21]. [locnenHee mposiBisieT cebs1 B BUAeE
BO3/IeCTBUSI CONOCTAaBUMOTO C [JIeMCTBUEM 3JIEKTPUUYECKOTO TOKA, HarpeBoM,
NpU/JaBJMBaHUEM K 3eMJle, BTATMBAaHUEM B OO'bEKT, BKJ/IOYas BJAUSHHE HA COCTOSIHUE
30poBbA. COrJsacHO CylLeCTBYIOUIMM MNpeACTaBJEHUSM, CBETOBOM Jyd JBWXKETCHd CO
CKopocTblo cBeTa - C, HE3aBUCHUMO OT OTHOCUTEJbHOTO [ABWXXE€HUS MCTOYHUKA U
NPpUEMHHUKA, a UCKPUBJATBCA OH MOXET TOJIbKO B CUJIbHBIX I'DaBUTALMOHHBIX MOJIAX
MaCCUBHBIX KOCMHUYECKHX TeJl TAKUX, HallpuMep, KakK 3B€3/bl. HesACHbIM Tak ke ocTaéTca
MexaHu3M ¢usnueckoro BoszaeictBusa H/10 Ha yesioBeKa.
B cBSI3U € 9TUM, BO3HUKAET PE30HHBIM BONPOC: KaKOBa NPHUYMHA MOJ00HBIX POsIBJAEHUN
HJ10?
IlonbITaeMcA 00'bSICHUTD 3TO C BbIIIEU3/I0KEHHBIX O3UILMI.

L)

7/ )
LR X4

>

R/
A

7/
L X4

Bo-nepBbIX, o6pailaeT Ha cebsi BHUMaHUe TOT (akT, 4To cedeHue Jjyyda oT HJIO mo
nepudepurd MOXKeT ObITh JIOObIM, HO BHYTPU OHO «I10JI0E», T.e. BEChb JIy4 UMeeT GpopMy
M0JIOTO LieJIMHApa J1n60 KoHyca [19].

Bo-BTOpbIX, cBeT OoT HJ/IO MOXeT pacnpocTpaHSTbCS BeCcbMa MeJJeHHO (M0 OLleHKaM,
HMHOT/IA CO CKOpOCThbIo Bcero (13 - 26 km/ 4yac) U nIpu TOM, 10 KPUBOJIMHEHHOMY MYTH
[19]. OmHako, NOCKOJIBKY CBE€T OT Jiy4a, KOTOPbIA Mbl HaOJII0JjaeM, HE MOXET
pacnpoCcTpaHATbC MeJJIeHHEe CKOPOCTH CBeTa, a TaK e HCKPUBJATb TPAEKTOPUIO
CBOEro JBUKEHUS B OOBIYHBIX YCJIOBUSIX, TO BEPOSITHEE BCErO, YTO OH CO3/AETCS HEKUM




MaTepHa/bHbIM HOCHUTEJIEM, 3allOJHAKIIMM BHYTPEHHIOIO IOJIOCTb Jy4Ya. B KayecTBe
TaKOro MaTepHUaJIbHOTO HOCHUTEJII MOXXET BBICTYNATb BeleCTBO 3JI€KTPOMArHUTHOIO
IpPOCTPAHCTBA, MOCKOJbKY OHO (Kak ObLIO Bbllle OTMeYeHO) O6e3npenssTCTBEHHO
NpOXOAUT dYepe3 Jil0Oble MaTepHUas/ibHble Mperpajbl HaIlero IO0JIOXUTEJbHOTO
rPpaBUTALMOHHOCIIMHOBOTO noAnpoctpaHcTBa. I[Ipogyuupyembin  HJIO  sy4, kak
MaTepHuaJbHbIM 00'bEKT 3JIEKTPOMAarHUTHOI'O IPOCTPAHCTBA MOXET PaclpoOCTPaHATHCA C
Ja6o#, 3agaBaemoit HJ/IO ckopocTthlo. [Ipy 3TOM, cBeueHHMe GOKOBOM MOBEPXHOCTHU Jy4da
BbI3BAHO Te€M, YTO OKpYXKalllhe ero MoJIeKyJibl BO3/yXa HaXOAATCA B BO30YKJEHHOM
COCTOAIHMH, U3J1y4as 3JIeKTPOMarHUTHbIe BOJIHBI. B KayecTBe HHUIIMATOPA BO30YXK/leHNUH,
BbIlIEYyKa3aHHOTO CBETOBOIO M3JIyYeHUA MOXeT BBICTYNATbh 3JIeKTPOMarHUTHadA
JHeprus, NepeHocruMas BellleCTBOM 3JIeKTPOMAarHUTHOI'O NPOCTPaHCcTBa. Bo3M0XkHO, 4TO
HJIO BO36yxaeT BUXpeBOU NpoLecC B 3JIEKTPOMarHUTHOM IPOCTPAHCTBE, B KOTOPBIX
BOBJIEKAaeTCs JaHHOoe BellecTBO. [lociefHee mposiBaseT cebA B BHUJE CBETALUXCA
IMYHKTHUPOB JINOO KOJiel, Ha KOTOopble pa3buBaeTcs cBeToBoi Jiyd oT HJIO. He uckitoyeHa
TaKXXe BO3MOXXHOCTb TOrO, YTO Mbl BOCIIPUHMMaeM HapsAy C 3JIEKTPOMarHUTHBIM H
rpaBUTALMOHHO-CIIMHOBOE U3JIy4eHue, npoayuupyemoe 3JIEKTPOMAarHUTHBIM
BellleCTBOM, BOBJIEKaeMbIM B BUXpeBOe JBWXeHHe Jyda. CHI0BOe >Xe BO3JEHCTBHUeE,
OKa3blBaeMoe JIydOM Ha IpeJMeThl, )XKUBOTHBIX U 4YeJIOBEKa, NONaBIIUX B €ro 30HY,
O4YeBUHO, 00YCJIOBJIEHO NIPOSIBJIEHUEM IPaBUTALMOHHO-CTaTUYECKUX CUJI, CO3/JaBaeMbIX
MacCOBBIM 3apAJA0M, JIMOO 3KBUBAJEHTHBIM €My BPALAIIIMMCH CIIMHOPHBIM INoJseM. B
JIAQHHOM CJIy4yae, Bpallarwlleecs CIMHOPHOe II0Jie pacCMaTpUBaeTCd KaK aHajior
BpallaoLerocss MarHUTHOro noJis. U3BecTHO, 4TO AilelicTBUe NOC/TeJHero 3KBUBaJIEeHTHO
JIeMCTBUIO 3JIEKTPOCTAaTUYECKOTO 3apsAfia, CJeJoBaTe/IbHO Bpallarolieecd CIUHOPHOE
noJjie MOXHO paccMaTpUBaTh KaK noJie 3KBHBaJIECHTHOE NI0JII0
rpaBUTALMOHHOCTATUYECKOrO0 3apsaja. Hapaay ¢ 3TUM, He MCKJIKOYeHa TaK Xe
BO3MOXHOCTb Y HENOCPeACTBEHHOTO BJIMAHUA TIPAaBUTALHMOHHO-CTAaTUYECKUX U
CIIMHOPHBIX N10JIel Ha CBeTOBOM (GOTOH KaK Ha YaCTHUILy, HECYIIYIO B 3JIeKTPOMarHUTHOM
NPOCTPAaHCTBe MaccoBbIM 3apsaj. UYTo »xe KacaeTcd 3ddeKkTa 3/71€KTPUYECKOTO U
TEeNJ0BOr0 BO3/JelICTBUSI B 30HE JIy4ya, TO OH MOXET ObITh BbI3BaH /eMCTBUEM, KaK CaMOU
3JIEKTPOMAarHUTHOM MacCbl, TaK M TPABUTALMOHHO-CTaTUYECKUX, a TaK Xe
IrPaBUTALMOHHO-CIIMHOBBIX, CIIMHOBBIX U 3JIEKTPOMAarHUTHBIX noJied. Eciu nofonTu K
paccMoTpeHuto peHoMeHa HJIO ¢ mo3unuii, paHee pacCMOTPEHHOr0O BpalleHUsl CTPeJIbl
BpeMeHH, TO MOXXHO TaK >e I10J1araTh, YTO €ro BJIMWAHHE Ha XOJ, BpeMeHHU U COCTOsSHUE
Jnojeil oobsicHaeTcsa BosgeiicTtBUeM HJIO Ha xoA cTpesibl BpEMEHU OKPYXKAIOIUX €ro
00beKTOB, BKJIIOYass U 4esioBeka. Kpome mnepeuuciieHHbIX Bblllle nposBiaeHud HJIO
OTMe4YaeTCcd TaK >Ke HX BO3JeUCTBHe Ha 3JIEKTPOCeTH, paboTy 3JeKTPOHHOW U
pazuoannapaTypsbl, BKJIKOYasg pa3/iMuHble TeXHH4YeCKHe yCcTpoHcTBa. /il TOro, 4TOOBI
NONBITATbCA OOBACHUTL BO3MOXKHYIO IPUYUHY TaKUX BO3JeUCTBUH, BHOBb 06paTUMCA K
paccMoTpeHuto, reHepupyembix HJIO mnosiert. Belnle ynoMuHasoch, 4TO OJHUM U3
npoaynupyeMbix H/IO nmosiert MoXxeT ABJIATBHCA TPaBUTALLMOHHO-CIIMHOBOE MoJie. JlaHHOoe
10Jie, pacnpoCTPOHAACH B NIPOCTPAHCTBE, HECET 3JIEKTPOMAarHUTHYI 3Hepruro. Ty xe
JHEpPrur HeCcéT W D3JIeKTPOMAarHUTHAsd Macca. YKasaHHasd DJHeprus MOXeT, Kak
norJjaiaTtbes, Tak U usaydatbca HJIO. Ilpu sToMm, B nmepBoM ciy4ae, JaHHas 3Heprusd
O0TOMpaeTCAa OT 3HEPrOHOCUTEJIeH, a BO BTOPOM HAa000pOT, epeaéTcs M. BeickazaHHas
TOYKa 3peHUs MOATBEpPXKJAeTCs MHOTOYUCIEHHBIMU HaOJIIOJEHUSAMH, KOrja IpHU
nosasseHuy HJIO Haz a/leKTpoceTAMHU NPOUCXOAUT «IOJCaJKa» HANpsXKeHUs BIJIOTb 0
ero BbIKJIYEeHUs C NMOoCcJaeyIUM BKIYeHHeM nocie npoJséta HJI0. To xe kacaeTcsa
pasHOro poja 3JIeKTPOHHOM U pajuoannapartypel. Hapazy c¢ 3TUM, oTMedawTcd U
MHOTI'OYHMC/IeHHble NpUMepbl C OCTAHOBKOM M INOCJeAYOIIUM BK/IIOYEHHEM JBUraTesen
aBTOMOOUJIEN M JApPYyrux TArJoBbix ycTpoucTB [20,21]. Kpome 3sieKTpoOMarHUTHOHU
9HEPruHy, BJMAKILEN Ha pabOTy 3JIeKTPUYECKUX LeNed U U3IMEHAILIUX, TEM CaMbIM,




peXXHUM paboTel ABUraTe/lell BHyTPEHHEro CrOpaHus, Ha 3TO MOXeT OKa3blBaTh BJIUSHHUE
TakK e U U3MeHeHHe TPaBUTALMOHHOM U CIHUHOBOM COCTABJAMILUX IPABUTALMOHHO-
CIIMHOBOTO NoJid. Bo3aelcTBUe oc/elHMX Ha TOMJIMBO MOXKET U3MEHSATb €ro CTPYKTYpY,
COCTaB U CBOWCTBA, BJIUsASA, B KOHEYHOM HTOTe, HAa paboy gBuraresisa. Bo3aMOXXHO Tak xe,
yTo Kak M® [15], rpaBUTAallMOHHOCIIMHOBBIE BOJIHbI BJUSOT U Ha CKOPOCTh Mpolecca
CrOpaHHsd TaIlJIMBa, YTO, B CBOK O4Yepe/b, JOJKHO CKa3blBaTbCAd Ha pexuMe pabOThI
JM3eJIbHBIX JABUrarese. Hapaay ¢ 3TuM, Ha NOABHKHBIM TPAHCIIOPT MOTYT BJIHUATH KaK
IrPaBUTALMOHHOCTAaTUYECKUE CUJIbl, TaK M IKBUBAJEHTHble UM CHJIbl, CO3/laBaeMble
BpallawmyMca CcnvHOpHbIM mnosieM  HJIO. /JlaHHble CHJIBI  OKasbIBalOT CHUJIOBOE
BO3/leCTBHE Ha JABIXYIIMKCA TpaHCHoOpT. [IposABleHreM yKa3aHHBIX CHJI, BePOATHO U
ABJIIeTCS cay4yal, mnpousomeAmind B ¢Geppasie 1985 r. B r. [leTtposzasojcke [21]. B
JJAHHOM CJly4ae OO'BEeKTOM BO3JEeHCTBUA SABWJICA, BeJOMBIH TeIJIOBO30M OOBIYHBIN
NOPOXXHUK TOBapHbIA moe3n. [loaBuBuinica Bnepegu sokomatuBa HJIO, HecMoTpsa Ha
ycepZiHble CTapaHWs MalIMHUCTA OCTAaHOBUTDb IMOe3/l, HayaJ TAHYTb ero. B pesysbraTe
Takoro geuctBuss HJIO, 6b10 cakoHomsieHo 300 kr. roprodero. I[IpuBenéHHBIN
JIOCTOBEPHBIH, 3aI0KYMEHTUPOBAHHbIN QaKT, BJIIE€TCA SPKUM NIPUMEPOM BO3/EUCTBUS,
BbllleyKa3aHHbIX nosied HJ/IO Ha moJBMXKHBIM TpaHCcNopT. HapAaay ¢ 3TUM, HAaXOJUT TakK
xKe o0bsicHeHHMe 3QPeKT BO3JeWCTBUS Ha pACTUTEJBHOCTb B IpeJesax Kpyros,
OCTaBJIIEMbIX Ha MIIEHWYHBIX NMOJISAX AHIJIMKM U Apyrux crpad [21]. [[pyynHoi sTOMY
MOTYT ObITh BBICOKOOPTaHU30BaHHbIe NJIa3MeHHble 00pa30BaHUA, K KAKOBBIM OTHOCATCA
u HJIO. OcTtaBiisieMbli UMM BUXPEBOM CJieJl HA MIIEHUYHBIX M0JIAX, TOBOPUT O TOM, UTO,
JINOO OHU [EeWCTBUTEJBHO NpPEeACTaBJAIT €000, HUYTO HHOe, KaK BO3JYILIHO-
IJIa3MEHHBIA BUXPb, JIM0O, €CJIM OHU CO3JaHbl MUCCKYCTBEHHBIM IYTEM, TO MOJLOOHOIO
poZia BUXpb BBICTYAaeT B KayeCTBe MX OCHOBHOro /JBuwxeTess. B 3Tol cBAa3y,
npejcTaB/JsgeT  WHTepec  mpejjoxeHHaa 3. A.  EpMuioBeIM  rumnoresa
sdpupoauHamMmuyeckoit mozaesnu HJI0 [22].

CorsacHo npepsaraemor runorese HJ/IO mpeacraBisieTcss B BUJe TOPOMJAAIbHO-
KPYyroBoro BUXps, B TaK Ha3blBaeMoW, 3puUpHoOH cpese pusnyecKoro BaKyyma.
/lMHaMUKa W HalpaBJieHHWe JBWXXeHUs YKa3aHHOM cCpeJbl U olpejessgeT JUHAMHUKY U
HanpaBJieHue ABwxeHus HJIO. B cooTBeTcTBUe ¢ 3THUM, Pu3nMyeckue ciefbl B BUJE
KPYroB €O CIMpPaJBbHBIMH [JOpPOXKKAaMM Ha HEKOTOpbIXx MecTax mnocazok HJIO,
NpeJCTaB/AT COO0M, HUYTO MHOE, KaK CJe/ibl, IPOU3BOJAMMblE BUXPEBbIM JBUKEHUEM
s¢upHbIXx cTpyd oT HJIO. H3naraemas To4yka 3peHHS XOpPOLIO COTrJacyeTcs C
npeJcTaBJeHueM O BUXpeBOM xapakTepe ABmwxuTesnsa HJIO. OgqHako B KayecTBe cpejbl,
BOBJIEKAIOIleMC B BUXPEBOM MpOLECC BBLICTYNIAeT, BeposTHee BCero, He 3QuUp
du3nYecKkoro BakyyMma, a BeleCTBO 3JIEKTPOMarHMTHOTO NPOCTPaHCTBa. Bellle MbI yxke
YIOMHHAJIY, 0 TOM, YTO $aKTOPOM TAaKOTO BO3Je€MCTBUSA HA NpeAMeThl, HaXOAALHecs Ha
MOBEPXHOCTH 3eMJIM MOXeT CayxuTb Jyd ot HJIO, npepcraBadwmui cobou
CBO€OOpa3HbIM 3JIEKTPOMArHUTHBIK BUXPb. I3BECTHBI TaK e Cjly4al BO3/JelCTBUS Ha
X0/, BpeMeHMU B IpejiesiaX BbIIIEYNIOMAHYTHIX KpPyroB. JTOT 3p(deKT MOXeT, B CBOIO
odepe/b, 00bACHEH Ha/iM4yueM mnocje Bos3gercTBusa HJ/IO cnmHOpHOTO 1noJid, KOTopoe Kak
M MarHUuTHoOe MoJie 06/1a/jlaeT CBOeoOpa3HOM OCTaTOYHOM HaMarHW4YeHHOCThIO. /laHHOe
noJie nposiaseT cebs Kak 3¢ PeKT nocaenelcTBUs, BJAUAS HA X0, BpeMeHH, COCTOSIHUE
3/0pOBbsl MCC/leJ0BaTe/iel, a Takxe paboTy pasJIMYHOM 3JIEKTPOHHOM almnapaTypbl U
TexHUKU. K HEMOHATHBIM ¢ pU3U4eCcKol TOUKU 3peHUs1 nposiBaeHusM HJIO oTHocuTcA
TaK e JUHAaMHUKa HX Oe3bIHEepLMOHHOrO IepeMellleHHUA. HeoXuaaHHble U pe3KHe
CKa4yKH, 3aBUCAHUA U CIeAYIOLUNA 3a 3TUM CTPEMUTEJIbHbIM OTJIET, CJIOXKHBIM XapaKTep
TPaeKTOPUU [IBMXKEHHs, HMHOIJA pe3Koe, Ha OYeHb OOJIION CKOPOCTH H3MeHeHHe




1) ecau teso HJ10 dopMupyeTcs B yCJI0BUSAX 3J1€KTPOMAarHUTHOTO MPOCTPAHCTBA, TO KaK
npeACcTaBUTENb 3TOro IpPOCTPaHCTBA HJI0 nepeMeniaeTcs B HalleM
rpaBUTALMOHHOCIMHOBOM MPOCTPAHCTBe Oe3blHEPIIMOHHO. [Ipy cBOEM mepeMeleHUU B
rpaBUTALMOHHO-CIMHOBOM  mpocTtpaHcTBe HJIO, kak MaTepuaJbHbIM  OOBEKT,
06Js1a/1al01 U 3JIEKTPOMAarHUTHOM Maccol He B3aUMO/IEMCTBYET C MaTepHUaIbHOU cpejion
3TOro mnpocTpaHcTBa. Ero B3auMojeWCTBHE C Hel, KaK OTMe4YaJioCh BbILIE MOXET
IPOUCXOJUTD JIMIIb HAa II0JIEBOM YPOBHE.
2) ecau tesio HJIO popMupyeTcs B yca0BUAX IPaBUTALMOHHOCIMHOBOTO NPOCTPAHCTBA
M NpU 3TOM, KaK JBYXKOMIIOHEHTHBIH, [AyaJbHbIM OOBEKT 00/1aZaeT JAOCTAaTOYHO
6oJs1bIION oTpullaTebHOU Maccoi [10], To adpdeKT ero 6e3bIHEPLIMOHHOTO ABUKEHHUS
MOXXHO OOBSICHUTb CJAeAylIMM 00pa3oM; TaK KaK HWHEPTHOCTb CBs3aHa C Maccod U
BpeMeHEM, TO C UI3MeHEeHHEM 3HaKa M0CJeJHUX, UHEPTHOCTb TaK »Ke U3MeHsIeT CBOM 3HaK
Ha NPOTUBOIOJIOKHBIA. Hanpumep, ec/id B HalleM MUpe C MOJIOKUTEJIbHOU MacCoOd U
X0/IOM BpEMEHH, TeJso, MPU BO3JENUCTBUM HAa HEr0 CUJIbl CTPEMUTCS COXPAaHUTb CBOE
IpexJHee COCTOSIHHE IMOKOS WJM NPSAMOJIMHEWHOIO PaBHOMEPHOTrO [BHKEHMs, UHaYe
roBOpS, CTPEMUTCS COXPAHUTh NaMSATh O CBOEM MPOLILJIOM COCTOSIHUM, TO B OTJIMYHE OT
3TOTO, AJ1 OTPULIATEJbHOU MacChl ¥ X0/ia BpeMeHU KapTUHa OyaeT obpaTHOU. B naHHOM
cy4ae, TaKoe TeJslo OyZleT CTPeMUThCSA COXPAaHUTh NaMATh O CBOEM OyAyIlleM COCTOSTHUM.
W ecsiu B HEraTUBHOM MOJNPOCTPAHCTBE C OTPULLATENbHBIM X0/10M BpEMEHU 3TO OyJeT
BBITJIAZleTh KaK HOpPMaJIbHOe fIBJIEHWE, TO JJIl HAaCc B NMO3UTHBHOM INOAPOCTPAHCTBE C
MNOJIOXKHUTENbHBIM  XOJIOM BpEMEeHH, TaKoe sIBJeHUue OyJeT BbIJISJETbh Kak
6e3bIHEpILMOHHOE, CAMOyCKOpsieMoe ABMKeHHe. KpoMe Toro, ciieflyeT yuecTb U TOT QaKT,
4yTO AJ1g oTpunareabHor Maccel HJIO mosie Tarotenusa 3eMuiu OyfeT OTTAJKUBAIOILUM,
IOCKOJIbKY €ro OTpULaTeJbHOE TeJI0 MOoNaJlaeT B 30HY JAEWCTBHS MOTEHIUAJbHOTO
«ropb6a», co3/1aBaeMoro MnoJIoXKUTeJbHOU Maccou 3emusiu. B coorBeTcTBUe ¢ 3TuM HJIO
OyJleT yCKOPSAATbCS B HaNpaBJIEHUU OT MOBEPXHOCTU 3eMJIM, @ HE HAa000pOT, KaK 3TO
CBOMCTBEHHO JJIs1 MaJlaloliMX Ha 3eMJII0 TeJ NOJOXKHUTeJNbHOH Macchl. Bo3MoOKHO, 4TO
MMEHHO 3TOT $aKT U obyciaBivMBaeT pe3kud noAbéM U yxona HJIO u3 moss 3peHus
HabJirogaTes.
Kaxaﬂ )Ke U3 BblUIeyKa3aHHbIX MpPUYUH oOlpejessseT 0e3bIHEePLUOHHOCTb
nepemMelineHus anmnapatos HJ/IO B HalieM npocTpaHCcTBe?
Ckopee Bcero, 4To B [JIaHHOM CJy4yae MOTYT MpOsSBJAATb cebsd o6e NpUYMHBL. B
3aBUCMMOCTA OT OpHUEHTAlUUu COOCTBEHHOW CTpeJibl BpeMeHH B COBOKYIIHOM
«4eTbIPEXJIMKOM» MpocTpaHcTBe-BpeMeHH, y HJ/IO MoryT mpeo6JsiajaTb CBOMCTBA TOTO
WJIM MHOTO NPOCTPAHCTBA, a, C/eJl0BaTeJbHO, TOTO WJM MHOTO BUJA UHEPLMOHHOCTH.
Bapbupysa BpallleHMeM COOCTBEHHOM CTpesibl BPEMEHHM, [JaHHble amnmapaTbl MOLYT
M3MEHSATb CBOU UHEPLIMOHHbIE CBOWCTBA, MPOSIBJSASA CTOJb HEOOBIYHYI0 MaHEBPEHHOCTD
IpU MOJIETE, a TaK e OCylLlecTBJAA IJIaBHYI MOocCajKy M B3JET. B cBowo ouepenp,
MrHoBeHHoe ucuye3dHoBeHUe HJIO MOXKHO Tak »Ke CB3aTb C OBICTPbIM MOBOPOTOM €r0
COOCTBEHHOU CTpeJsibl BpeMeHHU, B pe3ysabTaTe KoToporo HJ/IO cBopaunBaeTcs B TOYKY B
HalleM MOANPOCTPaHCTBe W IMepexoAUT B Jpyroe. B To ke BpeMs, C 0O6paTHBIM
NOBOPOTOM CTpeJibl BpeMEeHU MOXHO CBfA3aTb BHe3anHoe nosBieHue HJIO. He
MCKJIDYEHO Tak ke, 4To Te u3 HJIO, KoTopkle o NposiBJIseMbIM UMU CBOUCTBAM, HeJlb34
OTHECTM K NPUPOJAHBIM OOBEKTaM, MOTyT OBITb CO3JaHbl BbICOKOPA3BUTHIMHU
IJIa3MEHHbIMU  WHAWBUJAMH, KUBYIIMMU B  YCJOBUSAX  3JIEKTPOMArHMTHOTO
NpOoCTpaHCTBa. B 3TOW cBA3M, yKa3aHHOe MPOCTPAHCTBO CJeJyeT paccMaTpUBaThb Kak
napaJijie/ibHblM (BEpHee OpTOrOHAJIbHbIN), COCYLIECTBYIOIIMU C HAMU MUP, KOTOPbIX TaK
»Ke HaceJIEH pa3yMHbIMU CyIlleCTBAMHU.




HarsssaHasa moaenb AVaJIBHOTO Pa3BUTHUA CAMOOPIrdaHU30BAHHBIX TEJI U

CHCTEM MHKPO, MAKPO U MeramMmupa

C nmno3vMUMH  BBILIEU3JIOKEHHOr0, TONbITAEMCH JaThb KayeCTBEHHYI  MOJleJlb,
MO3BOJIAIOILYI0 HArJSAJHO NPeACTaBUTh 3BOJIIOLIMI0 CAMOOPraHU30BaHHbBIX Te€J U CUCTEM
C TOYKM 3peHMs AyaJbHOIrO YCTPOWCTBA Haulero mupa. [Ipn 3ToM 6yzieM UCXOAUTb U3
TOr0, YTO TaKas 3BOJIIOIMS, KaK B HAllleM IO0JIOXKUTEJbHOM I'PaBUTALMOHHOCIHHOBOM
NOANPOCTPAHCTBE, TaK U B 3epKaJIbHOM K HEMY OTPHULATeJbHOM NOANPOCTPAHCTBE UAET
0 NYTH yBeJUYeHHs abGCOJIOTHOW BEJMYUHBI 3HTPONUU U HNPOTHUBOIOJIONKHOTO X0Ja
BpeEMEHU B KaXK/IOM M3 yKa3aHHbIX NOANPOCTPaHCTB. U3 aToro cienyet, uto Gyayuiee,
KaK /Il OJIOXKUTEJIbHBIX, TaK U JIJI1 OTPULATE/bHBIX TeJl U CUCTEM, Pa3BUBAIOILUXCA B
COOTBETCTBYIOIIUX NOJNPOCTPAHCTBAX U BpeMeHH OYAeT, KakK Obl, pa3MbIThIM (puc.21).
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B To ke BpeMs, caMu TeJa U CUCTeMbl C TeyeHHEeM BpeMeHHU (B COOTBETCTBUE C
yBeJIMYeHHeM SHTPOIMU) NOJABEPralTCcs CTapeHUI0 U pacnay (Ha pUcyHKe NOA06HbBIH
IpOoLIeCC 3BOJIOLHUU H300pakEéH B BUJE IBYX KOHYCOB paccessHUs). OHAKO, KaK caefyeT
M3 NPUBEAEHHOT0 PUCYHKa, OTOOpa)Kalollero 060I0JHYI0 3BOJIOLUI0 NMO3UTHBHOIO U
HEraTUBHOTO TeJl, BBUJY OoOpalleHUs BpeMeHH JiJIsi MaTepUH pa3HbIX 3HAKOB, MpoLecc
TAaKOro pacnaja, HanpuMep, AJis TeJsa MOJIOKUTEJNbHOU Macchl (Ao) BeA€T, HA0OOPOT K
OpraHu3aliMu ero NpoTHUBONOJLKHOCTU — Tesla OoTpulaTesbHOH Maccel (Bo). [Ipu aToMm,
abCoJII0THAsA BeJIMYMHA MOJIOXKUTEJbHOW SHTPONUM YBEJUYUBAETCS, B TO BpeMs, Kak
OTpHULATEeJbHON YMeHbILIAETCS, UJIU B COOTBETCTBUHU C HallpaBJeHUEM CTpPeJIbl BpeMEHH,
OyAyliee COCTOSIHME TeJla OJHOTO 3HaKa COOTBETCTBYeT MPOILJIOMY COCTOSIHUIO TeJsa
Jipyroro 3Haka. H3o06paxéHHble Ha pUCYHKe (21) KOHeuyHble TOYKH BpEMEHHBIX

uHTepBanoB o6eux mnoxanpocrpancts (to, -t1) M (t1, -to) 6yayr coorBercTBOBaTH
KOHEYHBbIM COCTOSIHUSIM [JIyaJbHOCTH C 00pa30BaHMEM aHTHUINOJAJNbHBIX CTPYKTYD,
NIOKa3aHHbIX HAa PUCYHKeE B BUJle CeYeHUs KaXK/10r0 U