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llokaszana  noeuueckasi — npomusopeyugocmov — mooeau  Munkoeckozo — «uemvlpexmepHoe
npocmpancmeo-epemay. llpednosicena anvmepHamuHas Mooelb MAamepudaibHo20 KOHMUHYYMA.
Qu3uyeckuli. MUp paccmMampueaemcs 6 HOB0U MOOelu KAK B0JHO80U NPOCMPAHCINEEHHO-
INEKMPOMACHUMHBIL  KOHMUHYYM U KAK COBOKYNHOCHb — 83AUMOCEA3AHHLIX  OCYUILIAMOPOS,
obpazyowux uepapxuueckue cmpykmypol. Bewecmeo u ¢usuveckuii 8axkyym A61A10mcs
83AUMOCBAZAHHBIMU opmamu KOHMUHyyma u obpasyrom eounyio cucmemy. Ilepexoo x Hosol
MoOenu ecmecmeeHHbIM 00pa3oM NpU8oOUm K 6b1600) YDAGHEHUU, ONUCHIBANOWUX B3AUMOCEA3L
NPOCMPAHCMEEHHbIX — NAPAMEMPO8  UepapXuvyeckux  CmpyKmyp,  CUNO8bIX  Napamempos
@PyHOaMEHMANbHBIX — 83AUMOOCUCMBUU U XAPAKMEPUCMUYECKUX Napamempos — @Ou3uiecKoeo
saxkyyma. Ilonyueno Ooxazamenbcmeo moeo, uymo @uaudeckas npupooa UHEPMHOU MACCyl
83AUMOCBA3AHA CO CBOUCMBAMU NPOCMPAHCMBA U UM obyciosiena. Paccmompeno npunooscenue
NPOCMPAHCMBEHHO-9NeKMPOMALHUMHOU MOOeNU K npodieme MASHUMHbBIX 3apsi008.

BBenenune

BenencrBue oTpunaTenbHBIX pe3yNbTaTOB ONBITOB MalikenbcoHa-Mopiy, IpeapuHATBIX C
[EeNbI0 OOHApY)KEHHsI IBM)KEHUS 3€MIIM OTHOCHUTEIBHO «MHpPOBOTO J(Hpay, CYIIECTBOBAHHE
MOCJIeTHEr0 ObUIO OTBEPTHYTO. DTO OOCTOSTENHCTBO BBI3BAJIO LIEb B3aUMOCBSA3aHHBIX JOIMYECKHX
nporuBopeunii. [ns ux ycrpaHenus roiutaHickuii ¢usuk Xenapuk Jlopenn (1853-1928)
MPEUIOKUI CYMTATh, YTO B IpOIecce ABMKEHHUS (PU3UUYECKOro Tela MEHSIOTCS ero CBOMCTBa U
BbIBEN (POPMYJIbI, TIOKA3bIBAIOIINE XapakTep Takoro m3MeHeHus. [Ipu stom Jlopenu cuwmtain, yTto
nedopmarust Tel B HANPABICHUU UX JIBUKEHUS SBISIETCS pealbHOM M 00YCIIOBI€HA HEKOTOPBIMU
MOJIEKYJISIPHBIMHA CHJIaMH, TOTJIa KaK W3MEHEHHE BPEMEHH C YBEIHMUYEHHEM CKOPOCTH BH)KCHUS
Tesa — He Oosiee YeM MaTeMaTH4eCcKHil TPIOK.

OnHako BciecTBUE TeopeTndeckux padot ['epmana Munkosckoro (1864-1909) u Ansbepra
OiiHmreitHa (1879-1955) B HayuHoM cooOiiecTBe ObuT chOpMUPOBAH MPUHIIUIHAIBEHO UHOM B3I
Ha JIaHHYIO TIpooIemMy.

MUHKOBCKMIA MPEIOKUI PacCMaTpUBaTh MPOCTPAHCTBO M BpeMs KaK B3aUMOCBS3aHHBIC
KOMITIOHEHTHI (PU3UYECKOT0 MHUpPa M BBIABHHYII T€3UC O HEPA3PHIBHOM €IMHCTBE MPOCTPAHCTBEHHBIX
U BpeMEHHBIX BenYMH. CyIIeCcTBO UCXOAHOT0 M0X01a MUHKOBCKOTO K Mpo0iieMe 3aKIII04YaeTcs B
crenyrommx cioBax: «lIpeaMeToM Hamero BOCTIPHUSATHS SIBISIOTCS BCETIa MECTa M BpPEMEHa,
CBsI3aHHBIE MEXAY co0or. HuKTO He 3ameuan MecTa WHade, Kak B ONpEACIICHHOE BpeMs, M HE
3aMeydas BpEMEHHM MHade, Kak B ONPEAEICHHOM MecTe». YueHbli npoBo3riacui: «OTHbIHE BpeMms
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camo 1o cebe M MPOCTPAHCTBO CaMO IO ceOe CTAHOBATCS MyCTOW (PUKIMEH, U TOJIBKO €UHEHUE UX
COXpaHseT IAHC Ha peabHOCThY [1, 2].

Tak B COBpEeMEHHOE €CTECTBO3HAHHE OBLJIO BBEACHO NPEICTABICHHE O YETHIPEXMEPHOM
MIPOCTPAHCTBE-BPEMEHH, KaKk O peaqbHOW (opMe CylIecTBOBaHHMS MaTepUalIbHOTO Mupa. B
MoCJeIyIoNue ropl, OJaronaps HOBATOPCKUM paboTam DWHIITEHHA, MaTeMaTHYecKash MOIEIb
«4EThIPEXMEPHOE IPOCTPAHCTBO-BpEMs», OblIa paclpocTpaHeHa Ha BeChb MHUpP (DU3MUYECKHX
sBicHwid [3, 4].

Pacmpennas  usuko-maremMatuyeckass Mojenb MUHKOBCKOrO-ODWHINTEHHA sBiseTcS B
HacTosilllee BpeMs MPAaKTUYEeCKH OOIICNPUHATOW M paccMaTpuBaeTcsl Kak (yHAaMEHTalIbHOe
TEOPETUYECKOE OCHOBAHME COBPEMEHHOIO €CTECTBO3HAHMs. Te3uc 0  YeTbIpEXMEpPHOM
MIPOCTPAHCTBE-BPEMEHH, KaK O pealibHO CYIIECTBYIOIIEH (Gopme (U3NYECKOro MHpa, COCTaBIISIET
KOHIIENITyaJIbHBIN 0a3zuc oOIIel TeopUu OTHOCUTEILHOCTH, KOTOpas, B CBOIO OYepe/b, SBISIETCS
TEOPETHYECKOM OCHOBOWM COBpPEMEHHON KocMmosoruu. Mogens MUHKOBCKOTO-DWHIITEHHA
paccMaTpuBaeT (pU3MUECKUl MUpP KaK IPOCTPAHCTBEHHO-BPEMEHHYIO HempepbIBHOCTh. Cucrema
aKCMOM IPUIMCHIBAET HPOCTPAHCTBY-BPEMEHM OIPENEICHHYIO METPUKY, TOIOJOTHYECKYIO
CTPYKTYpY, cCBsi3HOCTb. C reoMeTpueil NpOCTPaHCTBA-BPEMEHHM CBS3bIBAIOT TI'PABUTALMOHHBIE
3¢ exThI.

OpHako HameXIpl Ha pENIeHHE MNPUHIUIHAIBHBIX €CTECTBEHHOHAYYHBIX IPOOIIEM,
CBSI3aHHBIE C MOJIEJIbIO «UETBIPEXMEPHOE IMPOCTPAHCTBO-BPEMS», HE OblIN peanu3oBanbl. [IpuunHa
3TOro, OYEBUJIHO, 3aKiIO4aeTcs B ciaeayromeM. OO0beJUHEHNE B €IUHBIM KOHTUHYYM (PU3HUECKUX
apaMeTpoB, OTOOPAKAIOIIUX MPEAIoaraeMble IEPBUYHBIC CBOKWCTBA (aTprOyThI) MaTepUH, UMEET
¢u3nyeckuif CMbICI TOJIBKO B TOM Cllyyae, €clii OObeAMHsSEMBble MapaMeTpbl JeHCTBUTENIBHO
SBJISIIOTCS aTpuOyTaMM MaTepuu, OTOOpakaroT ee nepBUuYHble (pyHIaMeHTanabHbIE cBoWcTBa. [lpn
HEBBIMIOJIHEHUH 3TOT0 YCJIOBHUA OOBEAMHEHHE (PU3MUECKUX IMapaMeTpOB B €IUHBIH KOHTHHYYM
CJIELyeT CUYUTATh HEKOPPEKTHBIM JIEHCTBUEM.

PaccmoTpenue renesnca npeacTaBiIeHus O IPOCTPAHCTBE U €r0 CBOWCTB MIPUBOJIUT K BBIBOAY,
YTO MPOCTPAHCTBO, WM MPOTSKEHHOCTh, OE3YCIOBHO, SBJIAETCS NEPBUYHBIM (PYHIaMEHTAIbHBIM
CBOMCTBOM MaTepuu. BBINOIHEHHbIE JIOTMKO-MaTeMaTUYECKUE HCCIEAOBAHMS MOKa3bIBAIOT, YTO
MHTYUTHUBHOE MOHATHE Pa3MEPHOCTH IPOCTPAHCTBA UMEET 1101 COO0H 0OBEKTUBHOE OCHOBAHHUE.

B oTHOmEHMM BpeMeHM MpPHUXOAMM K HMHOMY BbIBOAY. Bpewms sBisercs (pusmueckum
napaMeTpoM, OTOOpaKaloUIMM OJHO U3 CBOMCTB MaTepHalbHOIO JBM)KEHHUS, @ MMEHHO — €ro
BOJIHOBYIO Iipupofy. Bpems He cymiecTByer camo mo cebe, B OTpbIBE OT JBM)KEHUS, U €r0 HeJb3s
paccMaTtpuBaTh B KadeCTBE AKTHUBHOIO JCUCTBYIOLIETO Hadajga. Bpems —  BHEIIHsAA
XapaKTepUCTHUKA JIBHXKEHUSL.

Emie B V Beke 0/IMH 13 OTIOB XPUCTHAHCKON LIEPKBHU, TeOJIOT U ¢unocod ABpenuit ABrycTUH
(354-430) roBopua 0 BpeMeHH, Kak 00 OTHOCHUTEIHHON W YCIOBHON BelnWuuHE: «S1 CIbImai, Kak
TOBOPUJIM OJHOMY YYEHOMY: ‘‘/[BMJKEHME JIyHBbI, COJHLIA M 3B€3J] — BOT BpeMs . S, omaHako, He
cornaceH. [louemy, B camoM Jiene, IBM)KEHUS IPYTHX TeJl He MOIJIK Obl OBITh Takke BpeMeHeM? ...
Caermiia HeOECHbBIE — ATO 3HAKH, ONPEAEIISAIONINE BpeMs, TOAbI, THH; 3TO MpaBia, HO, OCTEPETrasch
CKa3aTh, 4YTO 00OPOT JEPEBSIHHOTO KOJeca — U €CTh JIeHb, 51 BCe-TaKH HE CTaj Obl CHOPHUTH, YTO 3TO
He Bpems» [3, ¢. 54].

Tor dakt, uyTO Bpems sBIAETCS BHEIIHEH XapaKTePUCTUKOM JBHUKEHHUS, OTYETIMBO
npencrasieH B paborax coserckoro ¢gusuka K.II.Craniokosuua (1916-1989), nanpumep, B KHuUre
[5].

Takum o0pa3om, BpeMsi HE MOXKET paccMaTpuBaThCsi Kak aTpuOyT MaTepuu, €€ MEepBUUYHOE
dbyHIamMeHTaNbHOE CBOMCTBO, (opMa ee CyIIecTBOBaHUsA. BcmencTtBue 3Toro, 0oO0bEeIUHEHHE



IIPOCTPAHCTBA M BPEMEHU B CIHMHYK) KOHCTPYKUUIO, €IWHYIO CYIIHOCTb, NPETCHAYIOIIYI0 Ha
oToOpaXKeHHEe MPHUPOJIbI MATEPUATBHOTO KOHTUHYYMa, HEIIPABOMEPHO KaK C JOTMYECKOH, TaK U C
¢du3nueckoit Touku 3peHus |6, 7].

C nnanekTUKO-MaTepHalIuCTUYECKON TOUYKH 3PEHMS IPOCTPAHCTBEHHO-BPEMEHHAs MOJIEb HE
COZCPKUT BHYTPEHHETO CO3HMIATEIBHOTO IMPOTHBOPEUUS W HE CIIOCOOHA K CaMOJIBUKECHHUIO H
camMopa3BUTHIO. /[laHHas Mozenb HE COINEPKUT BHYTPEHHEH IIOTEHLUU [UIsl pPa3BepThIBaHMS
UepapXuu MaTepHalbHbIX CTPYKTYp. Ui ocyliecTBiIeHUs JIF0OOro BHUJA JABMXKEHUS 3TOH MoOJenn
TpeOyeTcsi BHEIIHUM TOJIYOK, a TAKMM TOJYKOM MOXKET OBbITh TOJBKO BHEIIHEE HEMaTepUalIbHOE
BO3JICHCTBUE.

Nmeercs Takke M JApYrod KpUTEpUM, MPENATCTBYIOIIMNA MCIOJb30BAHUIO MOJEIU
«JETBIPEXMEPHOE TPOCTPAHCTBO-BpEMs» B KadecTBe pabodeld Mojenu, oToOpaXkaromei
NEHUCTBUTENBHOCTh. Bpems, npaxe eciau NpeanoyiokKUTh, YTO OHO SBJSAETCS IEPBUYHBIM
(GbyHIaMEHTAIILHBIM CBOWCTBOM MAaTE€pHH, HUKOMM 00pa3oM HE MOXKET SBISATHCS HCTOYHHKOM
BOJIHOBBIX IPOLIECCOB U ITPUYMHOM 00pa3oBaHus B IPUPO/IE Tl BpamieHus [8].

Takum 00pa3oMm, OYEBHIHO, 4YTO YETBIPEXMEPHOE IPOCTPAHCTBO-BpPEMs  CJEIyeT
paccMaTpuBaTh KaK YHCTO YMO3PUTEIbHYIO MATEMaTHYECKYH0 KOHCTPYKIUIO, UMEIOLIYI0 BECbMa
OTJaJICHHOE OTHOIIEHUE K JeWCcTBUTENbHOCTH. COOTBETCTBEHHO, BCE (PU3MUYECKHE MOCTPOCHUS U
MHTEpIIpeTalii, OCHOBAaHHbIE HA KOHLEIIUU YEThIPEXMEPHOTO MPOCTPAHCTBA-BPEMEHHU, SIBIIAIOTCS
HEKOPPEKTHBIMU U JOJDKHBI OBITH IE€pecMOTpeHbl. JlaHHOe 3aMedyaHue He OTHOCUTCH K
KOPPEKTHOCTH MaTeMAaTHUYECKUX MOCTPOCHUH B paMKaxX JJaHHOM KOHIIENIIMH, MOCKOJIbKY JIOTHKa
TaKOBBIX MIOCTPOCHUI OCHOBaHA HA (POPMAIHHBIX MATEMAaTHUECKUX JCHCTBUSX.

Taxkum 06pa3oM, IPUXOJUM K IIOCTAHOBKE 33[audl O IOCTPOEHUH HEITPOTUBOPEUUBON MOJIENIN
MaTepUaIbHOTO KOHTMHYYMa, YIOBJIETBOPAIOLICH HAOMIONATeNbHBIM U 3KCIEPUMEHTAIbHBIM
JTAaHHBIM.

B HacTosimeM okiazie npejacTaBieHa HoBas pabodasi MoJleNlb MaTepUalbHOTO KOHTUHYYMa U
MOoKa3aHa BO3MOXHOCTb €€ MCIIOJIb30BaHUs I pemeHus psjga ¢usndeckux 3anad. Pabora
SBJIAETCS 4YacTbIO IIMKJIA HWCCJIEIOBAaHUM, HANpaBICHHbBIX Ha TMOMCK M MaTeMaTH4ecKoe
MOJIETMPOBAaHUE B3aUMOCBSI3€l B CUCTEME «BEIIECTBO — (U3MUYECKUi Bakyym». Pabora sBisiercs
MIPOIOJDKEHUEM U pa3BUTHEeM uccienoBanwmii [9, 10].

1. ITocTpoenue padoyeii Moge U MATEePHAJIBLHOI0 KOHTHHYYMAa

Jns  mocTtpoeHUs  (PU3MKO-MAaTeMaTHYecKOW MOJENM  MaTepuajbHOIO  KOHTHHYyyMa,
oroOpakaromiei JeWCTBUTENILHOCTh, HEOOXOIUMO BBIIBUTH M OXapaKTepU30BaTh IE€PBUYHBIC
(dbyH1laMeHTallbHbIE CBOMCTBA (aTpuOyThl) MaTepUU, KOTOPBIE COCTABIISIIOT CTPYKTYPHYIO OCHOBY
MaTepUaJbHOTO KOHTMHYyMa M O0O0YCJIOBIMBAlOT caMoJBHKeHUEe Mmarepuu. lckomas mozens
MaTepUaIbHOTO KOHTHMHYYMa, [0 HalleMy MHEHHUIO, JOJKHA 00JajaTh BHYTPEHHEW MOTEHIMEH,
oOecrnieunBaroIIell IreHepalrio BOJHOBBIX IPOIECCOB, 00pa3oBaHUE B MPUPOAE TeN BpallleHus,
pa3BepThIBAHWE HMEpapXMM MaTepHaJbHBIX CTPYKTYyp. PemieHue mnocraBieHHOW 3amgauu Oyner
COOTBETCTBOBATh JIaBHMM OXXUJAHWSM TIOSIBIICHUS TPUHIMUIMAIBHO HOBOTO B3IVIslIa HA
MaTepHalbHbI KOHTHHYYM. Tak, eme B 1973 rogy amepukaHckuil ¢pusuk u ¢unocod Mennensb
Cakc mucan, uro B Oyaymiell MoJesin MaTepuaibHOTO KOHTHMHYYMa LIEHTPAJIbHOE MECTO JOJDKHO
3aHUMATh MPEJICTABICHHUE O camodeticmeuu mamepuu camoe Ha ceos [11].

B mowncke Qusuueckoir MpHPOIBI MCKOMOIO CBOWCTBa aBTOpbI pabor [8-10] obOparwam
BHUMaHHE Ha TakKue SBJIEHMS, KaK DSJIEKTPOMAarHUTHbIE BOJIHBI, AJIEKTPUYECKOE, MArHUTHOE U
JIEKTPOMArHUTHOE TM0JIe, JJEKTPUYECKUN 3apsan. Omu sAeneHus, 6 moM Ulu UHOM 6ude,



NPOAGNAIOMCL 8 KAXHCOOM 0O0vekme u npoyecce gusuuecko2o mupa. O4eBUAHO, YTO BCE MOAO0OHBIE
SABJICHUSI OOYCIIOBIICHBI CYIIECTBOBAHMEM HEKOTOPOro ()yHIAMEHTAJIbHOTO CBOMCTBA MaTepHH,
SIBJIAIOILErOCs €€ HEOTHEMIIEMBIM aTpUOYTOM. DTO CBOMCTBO, C YIETOM XapaKTepa €ro MposIBICHHUS,
ObUIO TPEIJIOKEHO HAa3bIBaTh  <QIIEKTPOMArHUTHBIM  CBOMcTBOM» Marepuu. Ilpu sTom
IIPEATIOIIAracTCs,, 4YTO0 JAHHOE CBOMCTBO IIPOSIBIISIETCS HE TOJIBKO B SIBHOM BHJE, Halpumep, B
(dopMax 3JIEeKTPOMArHUTHBIX BOJIH U IOJEH U JIEKTPUUYECKUX 3apsiioB, HO U B CKPBITHIX (hopMmax,
HEIOCTYNHBIX Ul OOHapy)KEHUS M PErucTpallUM W3BECTHBIMH B HACTOSILEE BPEMs CPEICTBAMHU
HU3MEpPEHHUI.

C yuerom Te3uca O BCEOOIIHOCTH HJIEKTPOMAarHUTHOIO CBOMCTBa Marepuu OyaeM
paccMaTtpuBaTh MaT€pHAbHBII MHUpP KaK IPOCTPAHCTBEHHO-3JEKTPOMAarHUTHBIA KOHTUHYYM,
UMCIOLIMK JBYXIMOMOCHYIO cTpykTypy [9, 10]. B pamkax naHHOW MOIENM NPOCTPAHCTBO
(IPOTSHKEHHOCTh) M 3JIEKTPOMAarHUTHOE CBOMCTBO paccMaTpHUBAIOTCA Kak aTpuOyThl MaTepuu, €e
nepBUYHbIE (DyHIAMEHTaJIbHBIE CBOWMCTBA, KOTOPHIE B OPraHWYECKOM EIUHCTBE JAPYT C JIPYroM
COCTaBJIAIOT CTPYKTYPHYIO OCHOBY MAaT€pUaJbHOIO KOHTHHYYMa M MCTOYHHMK CaMOJABM)KECHHUS
MmaTtepuu. BemectBo u ¢usnueckuii BakyyM — B3aUMOCBS3aHHBIE (DOPMBI 3TOr0 KOHTHHYYMA.
SIBnAACh MaTepUaAIbHOM CYIIHOCTBIO, (PU3MUYECKHII BaKkyyM ydyacTBYeT BO BCEX HaOJIIOJaeMbIX
nponeccax. JIto6oil mMarepuanbHBI MIpoLEcC AOKEH pPacCMaTpUBAThCA KaK MPOTEKAIOLIU BO
B3alMOCBS3aHHON CUCTEME «BEIIECTBO — (PU3UUECKUM BaAKyyM».

[IpyHSB  KOHLENLHUIO  IPOCTPAHCTBEHHO-3JIEKTPOMAarHUTHOTO  KOHTHMHyyMma,  Oyaem
paccmarpuBaTh (pU3MYECKUN BakyyM (M MaTepUalbHBI MUpP B LI€JIOM) KaK BOJIHOBOH BEKTOPHBII
KOHTUHYYM, B KOTOPOM IIPOCTPAHCTBEHHbIII BekTOp R XxapakTepuszyer mnpocTpaHCTBO, a
JIEKTPOMArHuTHBIA BekTOp Q XapakTepusyeT 3JIEKTPOMAarHUTHOE CBOWCTBO Martepuu. Ywucio
COCTABIISIFOIIMX I[IPOCTPAHCTBEHHOro BekTopa (fr) COOTBETCTBYeT MEpHOCTH HAOJIHOIAEMOro
¢usznyeckoro mpoctpaHcTBa. UHMCIO  COCTaBISIONMX — diieKTpomarHuTHoro Bekrtopa  (fg)
COOTBETCTBYET JBYM BHJAaM peallbHO HAONIONAeMbIX OSJIEKTPUYECKHX 3apsioB U MarHUTHBIX
IIOJIFOCOB.

W3 nanHOi Mojenu ¢ HEOOXOIMMOCTBIO CJIEAYET BBIBOJ O CYLIECTBOBAaHMM B IPUPOJIE
npoctpancTBeHHoro m3nydenus [10, 12]. DTo uznydeHue SBIAETCS PE3yJIbTaTOM KojieOaTelbHbIX
MpPOLIECCOB B MPOCTPAaHCTBEHHOM  CTPyKType  (usmueckoro  Bakyyma.  Konebanus
AJIEKTPOMAarHUTHOM KOMITOHEHTHI CTPYKTYpPhI (PM3MUECKOr0 BaKyyMa HpPHUBOJIAT K 0Opa3oBaHUIO
9JIEKTPOMArHUTHBIX BOJIH, a KoJeOaHHs ero MpOCTPAaHCTBEHHOW KOMIIOHEHTHI — K 0Opa30BaHHUIO
NPOCTPAHCTBEHHBIX BOJH (Spatial waves). KBaHT mpocTpaHCTBEHHOTO M3IyUeHUS TOJDKCH SBISATHCS
HOCHUTEJIEM ONPEIECICHHON DJHEpPruu, OTIMYHOW OT HyIsl, W, B OTIMYME OT KBaHTa
NEKTPOMAarHUTHOTO  M3JIy4E€HMsI, TPAKTUYECKH HE B3aUMOACHWCTBOBAaThH C BELIECTBOM (C
KOMITOHEHTaMU 3JIEKTPOMAarHUTHOM CTPYKTYphl BeIleCTBa). YUWThIBas 3TH creuuduueckue
CBOMCTBAa ITPOCTPAHCTBEHHOIO H3JIY4YEHHUS, B KAa4eCTBE KBAaHTA JITOr0 H3JIYYEHUS NPEI0KEHO
paccmarpuBaTh HeWTpuHO. Takoe paccMOTpeHHEe MO3BOJIIET CHATh MPOOJIEMHBIE BOIPOCHI,
CBSI3aHHBIE ¢ OCOOEHHOCTAMHU (U3UYECKON MPUPOIbl HEUTPUHO U HEOOBIYHBIMU CBOWCTBAMHU 3TOTO
MaTepHabHOTO O00BEKTa, NPUHIHUIHAIGHO OTIMYAIOIIMMUCA OT CBOWCTB BCEX M3BECTHBIX
JJIEMEHTAPHBIX YaCTHII.

C yueroMm Te3nca O BCEOOIIHOCTH BOJHOBOTO JBIKEHHS IPOCTPAHCTBEHHO-
AJIEKTPOMArHuTHasE MOJeNIb NpUoOpeTaeT IUCKpeTHBIM xapakrep. (DH3HMYECKUH BakyyM U
MarTepualbHBIi MHpP B I€JIOM pPACCMATPHUBAIOTCA KaK COBOKYIHOCTh B3aWMOCBSI3aHHBIX
OCHMJUIATOPOB. JlaHHAs COBOKYNHOCTh BOCHPHHHMMAETCS HAMU KaK HEPa3pbIBHBIM MaTepUalbHbBIN
KOHTUHYYM. B3saumopeictBys Jpyr C JApyroM, TMpUPOAHBIE OCIHIIISTOPHl  00pa3yroT
UEPAPXUYECKHUE CTPYKTYPBI.



OcumuiaTopsl, COOTBETCTBYIOUIME KaYECTBEHHO OTVIMYAKOIIMMCS YPOBHSIM MaTEpUAIbHOIO
B3aUMOJICHCTBHS (COOTBETCTBYIOLIME PA3JIMYHBIM HMEPAPXUUYECKHM CHUCTeMaM), OyJeM Ha3bIBaTb
(byHIaMEHTAIbHBIMU OCIULISATOpaMu. HauMeHbIIMIA TPUPOAHBIA OCHMILIATOP, N «a0COMIOTHBIN
OCHMIJIIATOPY», SBISAETCS JJIEMEHTApHOW sSYCHKOW (PU3MUECKOro BaKyymMa M COCTaBISIET €ro
CTPYKTYPHYIO OCHOBY.

PacueT nokaspIBaeT, 4To MEXy CTPYKTYPHBIMH KOMIIOHEHTaMH a0COJIFOTHOIO OCLMJIIATOPA
JEUCTBYIOT CBS3bIBAIOIIME CHJIBI CTOJb OOJBIIME IO BEJIWYMHE, YTO 3TO OOYCIOBIMBAET
IIPUHLMIIHAIBHYI0O HEBO3MOYKHOCTH Ppa3JEICHHUs [aHHBIX KOMIIOHEHTOB, IIO KpailiHeW Mepe, B
paMKax COBPEMEHHBIX TEOPETHYECKUX IpeJCTaBIeHUH. OTO 00CTOATENbCTBO BO MHOIOM
MIPOJIMBAET CBET Ha MpobOiIeMy KOH(paHMEHTa.

Otka3 or Mozaenu MUHKOBCKOro-OWHINTEMHA M Iepexoi K HOBOW, MPOCTPAHCTBEHHO-
AJEKTPOMAarHUTHOM, MOJIENM MaTEpHUAJbHOIO KOHTMHYyMa €CTECTBEHHBIM 00pa3oM IPUBOAUT K
BBIBOJly YPAaBHEHMI, ONKMCHIBAIOIINX B3aMMOCBS3b IIPOCTPAHCTBEHHBIX IIapaMETPOB HEPAPXUUECKUX
CTPYKTYp, CHJIOBBIX MapaMeTpoB (PyHJaMEHTAJIbHBIX B3aMMOJAEHCTBUI M XapaKTEpUCTHUYECKUX
napameTpoB  ¢usuyeckoro  Bakyyma. IlomydeHHble — ypaBHEHHsS  CBHJETEIBCTBYIOT O
IPUHLMIIMAIBHOM  €IMHCTBE MAaTepuajabHOro Mupa. PacdyeTHble 3HaueHUs IApaMeTpoOB,
IIOJIyYEHHbIE C IOMOIIBIO 3TUX YPAaBHEHHH, HAXONATCA B XOpOLIEM  COIJIAaCUM  C
9KCIIEPUMEHTAJIbHBIMU JaHHbIMU. HOBasg Mozenp U mojgydeHHbIE HAa €€ OCHOBE (PYyHKIIMOHAJIbHbIE
3aBUCUMOCTH 00JaJar0T MpeIcKa3aTeIbHON CUIION.

Takum o00pa3oM, MOXHO KOHCTATHPOBAaTh, YTO HOBass pabodas MOJeNb MaTepHalbHOTO
KOHTMHYyMa OTKPBIBAE€T BO3MOKHOCTb PEIIEHUS psla MPUHLMIHUAIBHBIX IMpoOieM B 00JacTH
€CTECTBO3HAHHUS, PAHEE HE MOAAIOIINXCS PELICHUIO.

2. BpiBom HW aHadW3 YypaBHEHHs, CBS3HIBAIOLIET0 IPOCTPAHCTBEHHbIE MapaMeTpbl
(dyHIaMeHTAILHBIX HepapXuyeckux cTpykryp [9, 10]

[Ipumem B mnepBOM NPUOIMIKEHUH, YTO BCE MPUPOJIHBIE OCHMWLIATOPHI CHEpPUUECKU
CUMMETPUYHBI, U MPOCTPAHCTBEHHBIN BEKTOpP R anexkBaTHO XapakTepusyeT paauyc OCHUILIATOPA.
Bbynem Takxe cuMTaTh, 4TO AOCOIIOTHBIM OCHUIUIATOP BXOAUT B COBOKYIMHOCTh (PYHIaMEHTAIBHBIX
OCLIMJLIATOPOB.

[TycTh cpeaHee 3HaUCHHE MOAYJISL TPOCTPAHCTBEHHOTO BEKTOpa aOCOIIOTHOIO OCLMIIIATOPA
paBHO Rys.. OrpaHnunM BepXHUN Tpees OCHHUIMPOBAHUS 3TOTO0 BEKTOpA 3HAUEHUEM

Ro = Raﬁc' Ko’ (1)
rae Ko — KoHCTaHTa, XapaKTepu3yIolasi MaTepUaibHbI KOHTUHYYM:
f
K,=-% 2
fQ

BeripazuM cBs3b a0COMOTHOTO M (PyHIaMEHTAIbHBIX OCHMIUITOPOB 3aBUCHMOCTbIO
Ri = Raﬁc ) A ! (3)
riae R — paauyc i-ro GyHIaMEHTaIBHOTO OCHMILIATOPA; Aj — HEKOTOPBIN OMEpaTop, SBJISIOIIANCS
GbyHKIHEH 11e10r0 Yncna i.
[MocreioBaTeIbHOCTD YKCEIT | OTPAHUYUM YCIOBUEM

i <(fo+ fo). (4)
BBe,Z[eM Ha4YaJIbHOC YCJIOBUEC, COOTBCTCTBYIOIICC YPABHCHHUIO (1)

4 =K,. ()



bynem uckars onepatop A; B BUIe
4 =K, (6)
rae @, — HekoTopast QYHKIHSA .

YroOrl 00ecieunTs ycaosue (5), GyHkIus @, 10KHA OTBEYaTh YCIOBHIO

Do =1. ()
Ycnosuto (7) yanoBneTBopsieT GyHKIHS
D=9, (8)

r7ie ¢ — HeKoTopast (QyHKIHUS, XapaKTepHU3yIOIasi IPOCTPAHCTBEHHBII BEKTOP.

OCHOBHBIM CBOMCTBOM BEKTOpa R SBIISieTCS YMCIO €ro COCTABISIONINX, COOTBETCTBYIOIICE
MEpHOCTH mpocTpaHcTBa. [losToMy mnpumeM, 4YTO QYHKIHMS ¢ SBISETCS KOHCTAaHTOW W
TOXJECTBEHHO paBHa fr.

Takum oOpa3zom, onepatop A UMeET BUJ

_k fr
A=K, ©)
[ToxcraBisisi aHAMMTUYECKOE BbIpakeHHE i omneparopa A; B ypaBHeHue (3), moiydaeM
ypaBHEHUE, CBS3bIBAIOIIEE PAANYChI a0COTIOTHOTO U (DyHIaMEHTAIbHBIX OCHUILISTOPOB

fl
Ri = Raﬁc ’ KO ) ' (10)
WM B jorapudmMudeckon hopme
logR, =logR .. + fg -log K, (11)
Takum  oOpasoM,  moayyeHa  (yHKIMOHAJIbHas  3aBUCHUMOCTb,  CBSA3BIBAIOILAsS

IIPOCTPAHCTBEHHbIE MapaMeTpbl (YyHIaMEHTANbHBIX HEPAPXUUYECKUX CTPYKTYp CO CBOMCTBaMU
¢usznueckoro Bakyyma. Ilog  cBoiicTBamMu  (QU3MYECKOr0 BaKyymMa IIOHUMAeTcs  €ro
IIPOCTPAHCTBEHHO-3JIEKTPOMArHUTHAsL IPUPOJA U MEPHOCTD €0 CTPYKTYPHBIX KOMIIOHEHTOB.

[Tonydyennas ¢yHkunoHanmbHast 3aBUcUMOCTh (10) CBHIETENBCTBYET O MPUHIUMIHAIBHOM
€IMHCTBE MAaTEpUAJILHOIO MHpa U aJ€KBATHO OTPA)XacT PEaJbHO CYIIECTBYIOLIYIO B3aMMOCBA3b
MIPUPOJHBIX UEPAPXUUECKUX CTPYKTYP.

UrtoObl moOKa3aTh 3TO, CONOCTaBUM pacyeTHble 3HaueHus mapamerpoB R;i ¢
9KCIIEPUMEHTAILHBIMU JaHHBIMHU.

[TocTaBUM Ka)KIOMy 3HAYCHUIO | B COOTBETCTBUE ONPEICIICHHYIO HEPAPXUICCKYIO CUCTEMY:

I = 0 — BO30YXJIEHHOE COCTOSIHIE a0COIFOTHOTO OCIHILIATOPA;

I =1 — COBOKYIHOCTb YacTHIl, GOPMHUPYIOIIUX CTPYKTYPY aIpOHOB (CYOHYKJIOHHAsI CUCTEMA);

| = 2 — HYKJIOH ¥ aTOMHBIE siJpa (HyKJIOHHAsI HJIH SIISpHAsi CHCTEMa);

| =3 — aTOMHO-MOJICKYJISIPHAsI CUCTEMA;

I = 4 — COBOKYNHOCTh OOBEKTOB, UMCIOLIMX pa3Mep, XapaKTepHBIH IS KUBBIX CTPYKTYP
(Omonoruueckas cucrema);

I =5 — COBOKYIMHOCTh TPABUTAIIMOHHBIX KOCMHYECKUX CTPYKTYp, MeTraraiakTika (KOCMHYecKast
WM TPaBUTALIMOHHAS CUCTEMA).

bynem cuutath, yTO KaKIblii pyHAAMEHTAIBHBIA OCIULIATOP B ypaBHeHuu (10) sBisiercs
CTPYKTYPHBIM IIPEICTaBUTEIEM COOTBETCTBYIOIIEH HepapXUUECKONH CUCTEMBI.

N3 paccMaTpuBaeMbIX HEpapXMUYECKUX CHUCTEM Hauboyiee XOpOIIO H3YYEHHOW SIBIISETCS
aTOMHO-MOJIeKyIsipHast cuctema (I = 3). IlpuMeMm naHHYO cuUCTeMy B KadecTBe 0a30BOW s
pacuera YMCICHHOr0 3HaYeHUs R 4.

CBoiicTBa aTOMOB M MOJEKYJ ONPEAEISAIOTCS CTPOCHHEM HX JJIEKTPOHHBIX 000JIOYEK,
IJIaBHOM CTPYKTYPHOM COCTaBIISIOLIECH KOTOPBIX SIBIISIETCS AJEKTPOH. byneMm cuuMTaTh AIEKTpOH



CTPYKTYpPHBIM IPEICTaBUTEIEM aTOMHO-MOJIEKYJISIPHON HepapXU4eCKOW CHCTEMBI U MPUMEM, YTO
R3 = Axosnm /2, TOE Aormm — KOMITTOHOBCKAS JITTUHA BOJHBI DJICKTPOHA.

[ToncraBuB B ypaBHeHue (10) uyncineHHbie 3HaueHus mapametpoB Ko, g, 1, R3, monyuaem R4,
=2,135-10"" m.

[Tpu u3menenuu 1 ot 1 10 5 monyyaem cieayrolye 3Ha4eHus napamMeTpoB R; (B Mmetpax): Ry
=7,206-10"", R, = 8,209-10™"°, Rg = 1,213-10""%, R4 = 3,916:10°, Rs = 1,317-10%°.

ConocTaBuM IMOJIy4€HHBIE PACUETHBIE 3HAUEHUS C CTIEPUMEHTATLHBIMU JAHHBIMHU.

3HaveHHo | = 1 COOTBETCTBYET, MO HAIllEeMy MHEHHIO, CYOHYKIOHHBINA (yHIaMEHTAIbHBIH
OCLUJUISITOP, OYEBUIHO SIBISIFOIIMICS KOMIOHEHTOM CTPYKTYpbl HyKJoHa. Hanmuune B cTpykType
HYKJIOHa TOYEYHBIX KBAa3HUCBOOOAHBIX 3apsHDKEHHBIX  4YacTHIl  (IAPTOHOB)  OOHApPYXEHO
HKCHEPUMEHTAIBHO B KOHIIE 60-x rT. XX B. DTH pe3yNnbTaThl ObUTH MOITYYEHBI ITyTEM HCCIIECIOBAHUS
paccestHUsl 3JEKTPOHOB M MIOOHOB Ha HykiJoHaxXx. OJHaKo [OCTOBEpPHbIE JaHHBIE O
IIPOCTPAHCTBEHHBIX XapaKTEPUCTUKAX TAPTOHOB OTCYTCTBYIOT.

3HaYeHHIO | = 2 COOTBETCTBYET CHJIbHBIA (DYyHIAMEHTAIbHBIA OCIHHLIATOP — HYKIOH. M3
HKCIIEPUMEHTOB 10 HUCCJIEIOBAHUIO YIPYTOro paccesHUs 3JIEKTPOHOB HA HYKJIOHAX HaiiJIeHO, 4To
CPEIHEKBapaTUUYECKUN paJuyCc HYKJIOHA paBEH 8,15-10"° m [13]. CormacHo HamMM pacyeTHBIM
JAHHBIM YHCIIEHHOE 3HaY€HUE pajinyca HyKJIOHa paBHO 8,21+ 1076 w1,

3HaueHHI0O | = 3 COOTBETCTBYET 3JCKTPOMATHHTHBIN (YHIAMEHTAJIbHBIH OCLHUILISATOP,
JMaMeTp KOTOpPOro paBE€H KOMITOHOBCKOHM JJMHE BOJHBI 3JeKTpoHa. YUucineHHoe 3HaueHue Rs
SIBJIIETCS PETIEPHON TOUKOM JJIs1 BBIIOJIHEHUSI pacu€TOB.

3HaueHH0 | = 4 COOTBETCTBYET clalblii (PyHIAMEHTAJIbHBIH OCIHHUIATOP C PAaCUYCTHBIM
paauycom Rs = 3,9 mMMm. BHyTpeHHee KBaHTOBAaHHOE [BMXKEHHE STOTO OCIHILIATOpPA TOJIKHO
MPUBOJIUTh K OOpa3oBaHHUIO DSJIEKTPOMArHUTHOTO U3IYyYEHUS MIUIMMETPOBOIO JHara3oHa,
PaBHOMEPHO 3aIlOJIHSIOIIET0 MaTepUaIbHbI KOHTHMHYYM. TO €CTh, COIVIACHO paccMaTpuBaeMoOM
MoJieNd, (yHIaMEHTAIbHBIH OCHMIUIATOP panuycoM Ry siBIsieTcs MCTOYHMKOM 0a30BBIX 4acToT,
(bopMHpYIOIIMX TapMOHUKY CIEKTpa HaOII0AaeMOro KOCMHMYECKOTO HW3IydeHHs B 001acTH
MUJUIUMETPOBbIX BOJIH. COrlacHO OLEHKE, OCHOBHAs JUIMHA BOJIHBI, I'€Hepupyemas CcladbIM
OCLMJUIATOPOM, paBHA ~2 MM. DTO 3HAU€HHE COTrjacyeTcsl ¢ pe3yjbTaTaMH M3MEPEHHUs CIIEKTpa
KOCMHYECKOT0 MHUKPOBOJIHOBOTO U3JTydeHHUs (HAOIr01aeMblii MakcuMyM ~2 MMm) [ 14]

3HaueHUI0 | = 5 COOTBETCTBYeT ()YyHJAAMCHTAIbHBIA TPABUTAIMOHHBIA OCIHUIATOD —
Meraranaktuka. COrjiacHo COBPEMEHHBIM aCTPOHOMHUYECKUM HaOII0JaTeIbHBIM JaHHBIM pa3Mep
MeraranakTiky coctapiser ~10%° u, IIOJIyYEHHOE HaMU pPacyeTHOE 3HadeHue — 1,32 10% m.

N3BecTHO, 4TO mpocTpaHCTBO MeraranakTuku pacmupsercs. CKopocTs V  ynajieHus
KOCMHUYECKHX OOBEKTOB OT HaOmroaarens paBHa V = Hr, rame r — paccrosinue n0 oobekrta; H —
noctostHHast Xab0ma. [Tpumem, uto rpanuiia MeraraiakTHKH JBUXKETCS CO CKOPOCThIO cBeTa (¢). B
aToMm ciaydae H = ¢/Rs = 2,28:10"8 ¢t wm 70,6 km/(c-Mmxk). [IpuHATOE COBpeMEeHHOE 3HAYCHHE
noctosiHHoM Xab6mna pasHo 67,8 + 0,8 (km/c)/MIk.

Bemnmuuny T = H ! MIPUHATO WHTEPHPETHPOBATH Kak BO3pacT BceneHHOM — Bpems,
npouenmee ¢ MomeHTa «bosbiioro B3psiBa». IIpuHATOE COBpEMEHHOE 3HaUEHHE 3TOTO IapameTpa
cocrasiseT 13,8-mipa. ner. Pacuernoe 3nauenue 7 paBHo 13,9 mupa. ner.

Takum 00pa3oM, MOXXHO KOHCTaTUpOBaTh, YTO pPACUYETHbIE 3HAYEHUs IapaMeTpoB,
MOJlydeHHble ¢ mnomomibio  ypaBHeHus (10), HaxomsTcs B XOpOLIeM  COIJIACHH  C
9KCIIEPUMEHTAILHBIMU JaHHBIMHU.

3. BbIBOA M aHAJIU3 YpaBHEHHs, CBSI3bIBAIONIEr0 CHJIOBBbIEe MapaMeTpbl (GpyHIaMeHTATbHBIX
B3aumozaeiicreuii [10]



Bynem paccMaTpuBaTh COCTaBIAIONIME DJICKTPOMArHUTHOTO BEKTOpa aOCOJIIOTHOTO
OCHMJUIATOPA KaK KBa3u3apsabl MPOTHUBOMOJIOKHOTO 3HAKA, KOTOPbIE HAXOASTCS B HEMPEPHIBHOM
KoJjeOaTebHOM JIBIDKEHUW B mpenenax cdepbl paamycoM R,s.. [lpumem, 910 paBHOBECHOE
paccTosiHHE MEXIy KBa3HM3apsJaMH, COOTBETCTBYIOIEE Hauboyiee YCTOMYMBOMY COCTOSIHUIO
JTAHHOM CHUCTEMBI, TAaKXKe PaBHO R4,

3amumieM BBIPAKCHHUE JJISl SHEPTHMH B3aUMOJICHCTBUSI COCTABIISIONIAX AJICKTPOMArHUTHOTO
BekTopa (Eq) B BUJE

Eo=Fs R

¢ Rages (12)
rne Fu. — cuna, ynepkuBaromasi KBazu3apsiibl B CTPYKType aOCOJIIOTHOTO OCHMJUIATOpa Ha
PaBHOBECHOM PACCTOSIHUM.

OHeprus B3auMOJICHCTBUS KBa3U3apsa0B paBHA TakKe padoTe 110 UX MOJHOMY pa3JelICHHUIO.
Ora paboTa SKBUBAJIEHTHA JHEPrMM OOpa3oBaHMUs Iapbl 3JIEKTPOH-TIO3UTPOH WM DSHEPTUU

AQHHUTWIISALIUH SJIEKTPOHA U TIo3uTpoHa (Ep):

Fa6c ) Raﬁc = EO’ (13)
[ToncraBum B (13) Bennuuny R s u3 ypaBuenus (10):
Faﬁc ’ Ri : kO f = EO ' (14)
rae k, = K;*.
[lepenumem ypaBHenue (14) B Buze
EO £l
—=F_ -k,". 15
Ri abce 0 ( )
Bsenem o0o3HaueHue
EO
=0 _F 16
n = F (16)

B pesynbrare mojlydaeM HCKOMOE YpaBHEHHE, CBA3BIBAIOLICE CHUIIOBBIE IIapaMeETPhI
(yH1laMeHTaJIbHBIX B3aUMOJIEHCTBHI:

F=F K " (17)
WIH B Torapudmuyeckoit popme:
logF, =logF,, + flogk,, (18)
rie Fj — cuioBast xapakTepucTuka i-ro GyHIaMeHTAILHOTO B3aHMOICHCTBUSL.
Kaxnomy 3HaueHHIO | COOTBETCTBYET OIpeNIeieHHOe (DYHIAaMEHTaJIbHOE CHIIOBOEC
B3aumozencTBue: | = 1 — cyOHYKIOHHOE; | = 2 — cHIIbHOE (siIepHOoe); | = 3 — 3JIeKTPOMarHuTHOE; | =
4 — cnaboe; | = 5 — rpaBUTAIIMOHHOE.

Takum 00pazoM, MPOCTPAHCTBEHHO-3JIEKTPOMArHUTHAs MOJEIb MO3BOJISIET pacCMaTPUBATh
Bce (pyHaMeHTabHbIE B3aUMOJICHCTBUS B paMKaxX OJHOTO (PU3UYECKOT0 MPEICTaBICHUS.

Bonpoc o @usnyeckoM cMbiciie KOHCTAaHT Fi ocTaeTcsi OTKpBITBIM U Tpelyer
JOTIOJIHUTENBHBIX — HccaenoBaHuil. (OJHAKO HECOMHEHHO, 4YTO OHHM OTpPa)karoT CBOWCTBA
MIPOCTPAHCTBEHHO-3JIEKTPOMAarHUTHON CTPYKTYPhl (QPU3UYECKOTO BaKyyMa M SBIISIOTCS CIEICTBUEM
B3aUMOJICMCTBUS HOCUTENEH 2JIEKTPOMAarHUTHOTO CBOWCTBA MaTEPHH.

3.1. Ilpedckazarnue cyOHYKIOHHO20 (PYHOAMEHMATLHO2O 83AUMOOEUCTBUSL



N3 ypaBuenus (17) ciemyer BBIBOJ O CYIIECTBOBAaHUU CYOHYKJIOHHOTO (DyHIaMEHTaIbHOTO
B3aMMOJICHCTBHSI, COOTBETCTBYIOIIEr0 3HaueHu0 | = 1. CyOHYKJIIOHHOE B3aMMOJICHCTBHE CJICIyeT
CUMTATh OTBETCTBEHHBIM 3a TIPOLIECCHI, NPOTEKAIOIIUE MEXKAY COCTABISIOIIUMHU CTPYKTYPBI
HYKJIOHA. VHTEHCHMBHOCTh CYOHYKJIOHHOTO B3aUMOJICHCTBHSA, coriacHO ypaBHeHuio (17),
MIPEBBIIIACT HHTEHCUBHOCTH CHJIBHOTO B3auMo/ieiicTus B ~11 pas.

4. BbiBoa o0mei ¢Gopmyabl Ui pacyeTa CHJIOBBIX KOHCTAaHT (YyHJIaMEeHTAJbHBIX
B3aumozaeiicreuii [10]

be3pa3zmepHas cunoBasi KOHCTaHTA JIEKTPOMArHUTHOTO B3aUMOJICHCTBUSA (o)) paBHA

2
e -2x
=—, (19)
hc
rJie € — 3apsij iekTpona; h — nocrosuuas [Inanka; ¢ — ckopocTh CBeTa.
®opmyiy (19) MOKHO TakXKe 3amucaTh B BUJC
o= /1}(,71166 i 2” (20)
Koymnm
rue
2
jace = 5 — «KIIACCHYECKMHI PafimyC» DIIEKTPOHA,
mc
Avpomm = —— — KOMIITOHOBCKasl JJIHA BOJIHBI DJICKTPOHA.
’ m
B unepapxum ¢yHIaMEHTaJIbHBIX B3aUMOJCHCTBUN 3JIEKTPOMarHUTHOMY B3aMMOJIEHCTBHIO
cooTBeTCTBYeT uucio | = 3. B mepapxuu (QyHIaMEHTANIBHBIX CTPYKTYp 3TOMY 3HAYCHHUIO YHCIA |

COOTBETCTBYET (yH/IaMEHTaIbHBIN OCHUIUIATOP, AUAMETP KOTOPOrO PaBEH KOMIITOHOBCKOW JJINHE
BOJIHBI DJIEKTPOHA.

ITonygaem:
e’-2r e’-2x

a= = . 21
R -2m¢® R, E, (1)

Ornomenne e° / R mmeer pasmeprocts suepriu. [lepermimem popmyity (21) B Bize
E_-27

a= E—o (22)

2

Ris
Pacnipoctpanum cooTHomeHne (22) Ha BCIO COBOKYMHOCTH 3HAu€HHH I, TO e€CTh Oynem
CUMTaTh, YTO JAHHOE COOTHOIIEHHWE BEPHO s BceX (YHIAMEHTAIbHBIX B3aUMOJEHCTBUM.

rne E_, =

3amnuireM 3TO B BUJE
o =——"= (23)

2

rne E. =—
1 RI
[Tonygena obmas ¢opmyna (23) mas pacuera 0Oe3pa3MEpPHBIX CHIIOBBIX KOHCTAHT
(GyHIaMEHTAJIbHBIX B3aUMOJCUCTBUI. UWCIIEHHBIC 3HAUEHHS JTHX KOHCTAHT, PAaCCUUTAHHBIC IO



dbopmyne (23), mpeacrasnensl B Tabnuie 1. [lomydyeHHbIe 3HAYEHUS COTJACYIOTCS C MPUHITHIMUA
PACYCTHBIMHA U SKCIICPUMCHTAJIbHBIMU 3HAUYCHUSIMU.

Tabnuua 1. Yncnennble 3Ha4eHUs CHIIOBBIX KOHCTAHT (PyH/IaMEHTAIbHBIX B3aMMOICHCTBHIA

i CuiioBoe B3aIMOJEHCTBHE YucieHHOEe 3HaUYeHue
Qi
v 7
0 BzaumoneiicTBrE COCTaBIISIONIUX 2,77-10

QJICKTPOMArHuTHOI'0 BEKTOpa a0COJIFOTHOTO

OCLMILISATOPA
1 CyOHnykII0HHOE 1,23-10°
2 CuiibHOE (s1€pHOE) 10,8
3 DJEeKTPOMAarHUTHOE 7,30-10° (~1/137)
4 Crnaoe 2,26:10
5 I'paBuTammonnoe 6,72 104

5. OneHka BHYTpeHHell 3Heprun pu3n4ecKoro BaKyyma

BHyTpeHHsiss sHeprust abCoMOTHOrO ocumwuiaropa E,;, B OOIIeM Cciiy4ae IMpeICTaBIIsET
co00it CyMMy 3HEpIHii B3aMMOJICHCTBHUS BCEX €ro CTPYKTYpPHBIX KoMoHneHTos [10, 15]
E.s. = Eo +Er +Eg, (24)

rae Eq — sHeprus B3auMoaeNCTBHs COCTABISIOIUX IEKTPOMAarHUTHOIO BeKTopa; Eqr — aHeprus
B3aUMOJICHCTBUS  DJEKTPOMAarHUTHOIO M  IPOCTPAHCTBEHHOro BEKTOpoB; Er — dHeprus
B3aUMOJICHCTBUS COCTABJISIONINX TIPOCTPAHCTBEHHOTO BEKTOPA.

BSaI/IMOZIGfICTBHC HpOCTpaHCTBeHHOFO nu BJICKTpOMaFHI/ITHOFO BeKTOpOB U COCTABJIAKOIINX
AJIEKTPOMArHUTHOTO BEKTOpa TMOPOXKIAET CHJIBI, HANpaBJICHHBIE Ha CXXaTue aOCOJIOTHOTO
ocuuuiITOopa. B3anMmozeiicTBie cocTaBisOMMX BekTopa R moposkaaer cuiibl, HallpaBJiICHHbIE Ha
pacuMpenne abCOIFOTHOTO OCLMIUIATOPA. DTH CHIIbI ypaBHOBEIIMBAIOT Ipyr apyra: Er = — (Eq +
EQR).

[To nHamemy MHeHHIO, ¢ »Heprueil Er cBs3aHO sIBIEHHE pacIIMpPEHHs] MPOCTPAHCTBA
Bcenennoii.

5.1. Ananumuueckue 8vbipasxicenus 01 COCMAIAIOWUX SHEPLUL PUIUYECKO20 8AKYYMA

Bynem paccmaTpuBaTh cocTaBisifolIMe BeKTopa Q Kak KBa3u3apsbl MPOTHBOIOJIOKHOTO
3HaKa, KOTOpbIE HAaXOAATCS B KOJIeOATENbHOM JABIKEHMM B mpenenax cdepsl paanuycoM Rgs =
2,135:10™"" M. OcHoBbIBasCH Ha CYILIECTBOBAHUU SIBJICHUS POKIEHHUS IAPBI DJIEKTPOH — IIO3UTPOH,
IpUMEM, 4YTO HHEPrus B3aMMOJEHCTBHS KBa3M3apsJ0B paBHA paboTe MO HX PpasJeIEeHUI0 C
o0Opa3oBaHHEM 3JIEKTPOHA U MMO3UTPOHA WJIH, YTO 3KBUBAJIEHTHO, JHEPTHH aHHUTWIISIINH 3JIEKTPOHA
u nno3utpona. [Tomygaem:

Eq = Eo = 2mc? =1,022 M»B, (25)
r7ie M — Macca 3JIeKTPOHA; C — CKOPOCTh CBETA.

OHeprus  B3aMMOJCHCTBHSI  AJIEKTPOMArHUTHOTO W MPOCTPAHCTBEHHOTO  BEKTOPOB
npuHUMaeTcs paBHoOM (B cucteme CH)



1 €
QR ) '
Ars, 2R,
TJIe &) — AIEKTPUYCCKAs TIOCTOSTHHAS; € — 3apsi/I AJICKTPOHA.
[Tony4aem B pesynbrate: Eqr = 33,723 MaB; Er =-34,745 M»B.
Ou3NYeCKuil TMPHUHIMI, HA OCHOBE KOTOPOTO MOKET OBITh TOJIYYEHO AaHAIUTUYECKOE

(26)

BBIpOKCHUE sl BenMuuHbl Er, Ham Hem3BecteH. OQHAKO MO aHAIOTMHM C ypaBHeHHEM (25),
BBIPDKAIOIIMM  B3aMMOCBSI3b  MEXKIY OHEPIMEM M  MacCOM  DJIEMEHTAPHBIX  HOCHUTENEH
ANEKTPUYECKOTO 3aps]1a, MOXKHO HaIlMcaTh BbIpakeHUe AJis d3Hepruu Eg B Buze:

E,=m, V%, (27)
rze MR — CKpbITasi Macca, HOCUTEJIEM KOTOPOM SBIISIETCSA IPOCTPAHCTBEHHBINH BEKTOP (IIPOCTPAHCTBO
a0COJIIOTHOI'O OCLMILIATOPA); V — CKOPOCTh PACIPOCTPaHEHUsI POCTPAHCTBEHHBIX BOJIH. Bompoc o
YUCJIICHHOM 3HAYCHUU BEIWYMHBI V OCTAeTCA OTKPBITBIM. B OTCYTCTBHE OSKCIEPUMEHTAIBHBIX
JAHHBIX CKOPOCTb PACHpPOCTPAaHEHUsl MPOCTPAHCTBEHHBIX BOJH MOXET OBbITh YCJIOBHO IPUHATA
PaBHOM CKOPOCTH CBETA.

Benuunnaa MR (M cOOTBETCTBYIOILAs ATOM BEIMYMHE dHEprus Er) Moxker paccMarpuBaThCs
KaK MUHHMMAJIbHAsI THEPTHAs Macca.

BaxHo oTMeTuUTh, 4YTO MOJYYEHHOE B HACTOALIEH paboTe 4YHCICHHOE 3Ha4YeHUe
MUHUMAaJIbHOM MAaccChl, paBHOE B elMHULAX 3Heprun 34,745 M»B, coBnanaer ¢ paHee nOJy4EeHHBIM
3HAaYeHHEM 1TOH BenuuuHbI 34,75 MbsB, paccunTaHHBIM HE3aBHCHMBIM MeToaoM [16], Ha ocHOBe
aHaJIM3a CIIEKTpa MAcC MIEMEHTapHbIX YaCTHII.

OTO O03Ha4yaeT, YTO aBTOpPaMU MOJYYEHO OJHO3HAYHOE JO0Ka3aTelbCTBO TOIO, 4YTO
¢bu3nveckas Mpupoa HHEPTHOM MacChl BEIIECTBA B3aMMOCBS3aHa CO CBOMCTBAMH MPOCTPAHCTBA H
UM 00YCJIOBJICHA.

6. TlpuiioskeHHe MPOCTPAHCTBEHHO-3JIEKTPOMATHUTHON MOJeJM K mpodjieMe MarHUTHBIX
3apsiaos [17]

[Tpobnema cymecTBOBaHMSI MarHUTHBIX 3apsAJ0B — OIHA U3 HauboJjee 3araJouHbIX Mpodiem
COBPEMEHHOW TeOopeTHuecKor (U3MKA U KOCMOJOTMU. MHOTOJIETHHE YCUIUS TIO TIOUCKY
MarHMTHOIO MOHOIIOJSI HE YBEHYAJIUCh ycrexXxoM. lIpocTpaHCTBEHHO-3JE€KTPOMarHUTHAsT MOJIENb
MaTepUaJIbHOTO KOHTHMHYyMa II03BOJISIET C HOBBIX IO3ULUN MOAOWTH K PpEUICHUIO JaHHOU
POOJIEMBI.

CocraBnstomye JIEKTPOMarHUTHOIO  BEKTOpa aOCOJIOTHOIO — OCHMJUIATOPA  MOXHO
paccMmaTrpuBaTh KakK JBa IPOTHMBOIOJOXKHBIX IO 3HAaKy JJIEMEHTAapHBIX MarHUTHBIX 3apsaa —
mazcHumona. To ecTb, COTJIacHO pa3BUBAEMOM MOJIENM, MarHUTHBIE 3apsibl SBISIOTCS YacTbiO
CTPYKTYpbl (pU3MUECKOro BakyymMa. OTH B3aUMOCBSA3aHHBIE KBa3MYaCTUIl HAXOJIATCS B
HENpepbIBHOM KojeOaTeNbHOM JIBUKEHUHU B mpeaenax chepsl paauycoM Rgus., Tae Ry — paanyc
abCOIOTHOTO OCHMIIIATOpa. B paMKax Takoro paccMOTpEeHHs IPOLECC POXKACHUS Maphl «IIEKTPOH
— TO3UTPOH» SIBJISIET COOOM MpeBpallleHne MarHUTHBIX 3apsiioB B JJIEKTPUYECKHE, a MpOIecC
AHHUTUJISIUY 3JIEKTPOHA U MO3UTPOHA — MpEBpallleHue 3JEKTPUUECKUX 3aps/I0B B MarHUTHbIE. M3
MOJIETI CJIEIyeT BBIBOJ 00 OSKBHUBAJEHTHOCTH (PABEHCTBE) MArHUTHOIO M AJIEKTPUYECKOIO
AJIEMEHTAPHBIX 3apsJI0B, a TAKKE MACCHI M CIIMHA UX HOCUTEIEH.

B nepBoM mnpuGmmkeHuu (BBUAY OTCYTCTBUSI HKCHEPUMEHTAIbHBIX aHHBIX) MOXHO
CUMTaTh, YTO 3aKOHBI B3aUMOJEWCTBUS MAarHUTHBIX 3apsA70B B CTPYKType (PU3MUECKOrO BaKkyyMma
AQHAJIOTMYHBl 3aKOHAM, YCTAHOBJIEHHBIM JJI B3aUMOJEHCTBUS AIEKTPUYECKUX 3apsa0B. DHEPrus



B3aMMOJICHCTBHSI MarHUTHBIX 3apsI0B MPHUHAMACTCS PAaBHOW SHEPTMH aHHUTWISIIMU SJICKTPOHA U
MO3UTPOHA.

Takum 00pa3oM, MarHUTHBIA MOHOIIONb CYIIECTBYET B CTPYKTYpE (PM3NYECKOrO BaKyyma
JUIIb KaK KBa3WYacCTHIIA B COCTaBE B3aMMOCBS3aHHOW Mapbl MPOTHUBOIOJIOKHBIX MarHUTHBIX
3apsioB. MarHUTHBIM MOHOIIONB, WJIM MOHOMNOJbL Jlupaka, Kak WHIAMBHIyaJdbHAas MarHUTHas
BEIICCTBEHHAS YaCTHUI[A, HE CYIIECTBYET B NPUPOe. MOHOIOIIOCHBIN MTOCTOSHHBI MarHUT TAaK)Ke
HE MOXET ObITh 00pa30OBaH.

JIBYXIIOJIFOCHOCTh TIOCTOSIHHOTO MAarHuTa OOYCIIOBIICHA JABYXIIOJFOCHOCTBIO CTPYKTYPBI
(GU3MYeCKOro BaKyyMa W B3aUMOCBsI3aHa ¢ Heil. Temo moCTOSHHOrO MarHuta, MoJo0HO JIF0OOMY
JPyroMy BEIIECTBEHHOMY OOBEKTY, B3aMMOCBS3aHO C (PM3NYECKUM BAKYyMOM U 00pa3yeT ¢ HUM
€IMHYI0 CaMOpETryIHpyeMylo cHcTeMy. MarHuTHOe Iojie BOKPYT IIOCTOSHHOIO MAarHura
npencraBisier co0oil mmoyie KBa3zMymnpyrod aedopmamuu CTPYKTYyphl (DU3HYECKOTO BaKyyMa.
Xapakrep aedopManuy HarpaBlieH Ha CBEJACHHE K MUHHUMYMY NOTEHIIMAIbHONW YHEPTUU CHCTEMBI
«MarHut — (pU3NYECKHil BaKyym». BeiencTBre HaloOKeHHs pa3IMuHBIX KOJICOATEIBHBIX MPOIECCOB
MarHUTHOE TI0JIE UMEET OIPEICIICHHYIO CTPYKTYPY, OJIN3KYIO K HHTEPPEPEHIIMOHHOM.

BrpiBoanbI

[IpencraBineHo  1OKa3aTeNbCTBO  CYIIECTBOBAaHUS  (PyHJZaMEHTalIbHOIO  CBOMWCTBA
(GU3NIECKOTO MHUpA, OTIMYHOTO OT MPOCTPAHCTBA M BPEMEHH. JTO CBOMCTBO B3aMMOCBS3aHO C
MIPOSIBJICHUEM TaKUX (PU3MYECKHUX SBICHHUN, KaK SJICKTPUUICCKUN 3apsil, SIEKTPOMArHUTHBIC BOJIHBI,
MarHUTHOE, DJIEKTPUYECKOE M DJIEKTpOMarHUTHOE moiyie. Ha 3Tol (heHOMEHOIOTrHYecKoi OCHOBE
paspaboraHa (u3MKO-MaTeMaTHyecKkas MOJelb, paccMaTpuBaroiias (U3MYecKuid BakyyM (u
MaTepHabHbI MUP B 11€J0M) KaK IPOCTPAHCTBEHHO-3JIEKTPOMAarHUTHBIA KOHTUHYYM.

[Tepexox K HOBOW MOJENM €CTECTBEHHBIM 00pa3oM MPHUBOAMT K BBHIBOAY YpaBHEHHUH,
OIMCHIBAIOUINX B3aUMOCBSI3b IPOCTPAHCTBEHHBIX NIapaMETPOB UEPAPXUUECKUX CTPYKTYP, CHIIOBBIX
napameTpoB  (yHIAMEHTAJIbHBIX  B3aUMOJICHCTBUH M XapaKTEpPUCTHUYECKUX  IapaMeTpoB
(¢u3NyecKoro Bakyyma, OTOOpaXkarolMX ero cBoicTBa. PacueTHble 3HaAUeHHs M[apaMETPOB
HaxXOJITCS B XOpOILIEM COTJIaCMM C OJKCHEPUMEHTAJbHBIMU JIaHHBIMM JJI1  U3BECTHBIX
(yHIlaMEHTaJIbHBIX OOBEKTOB M B3auMojaeWcTBUN. [loydueHHblEe (YHKIIMOHATIbHBIE 3aBUCUMOCTH
MTOKa3bIBAIOT B3aMMOCBA3b BCEX (PYHIAMEHTAIbHBIX HEPAPXUUYECKUX CTPYKTYP U COOTBETCTBYIOLINX
3TUM CTPYKTypaM (yHJaMEHTaJIbHbIX B3aMMOJEHCTBHM, YTO CBUETEIbCTBYET O MPUHLIUIHAIHLHOM
€IMHCTBE MaTEPUaIbHOIO MUpA.

Pa3zpaGoTanHast MpOCTPaHCTBEHHO-3JIEKTPOMarHuTHas MOJEIb U MOJIyYeHHbIE Ha €€ OCHOBE
ypaBHeHMs 00JaJaloT MpelcKazaTelbHOM cuioil. TeopeTndyecku MpeacKa3aHO CyYIIECTBOBaHHE
MIPOCTPAHCTBEHHOTO U3IY4YEeHHsI U CYOHYKJIOHHOTO yHIaMeHTaJIbHOTO B3auMoaelctus. [lokasana
BO3MOXXHOCTh HCIIOJIb30BaHMs pa3pabOTaHHOW MOJENU i ONpeAesieHUs IUIOTHOCTH SHEPruu
¢usnueckoro Bakyyma. [loidydeHO noKa3aTenbCTBO TOrO, 4TO (u3MYECKas MpPUpOoAa HHEPTHOU
Macchl B3aMMOCBSI3aHA CO CBOMCTBaMH IPOCTPAHCTBA M MM o00ycioBieHa. PaccMoTpeHo
MPUIIOKEHNE TIPOCTPAHCTBEHHO-3JIEKTPOMArHUTHOM MOJIENIN K TPpoOIeMe MarHUTHBIX 3apsi/iOB.
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