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KneBcknn HaunoHasnbHbIN YHUBEPCUTET CTPOUTENBCTBA U apXUTEKTYPbI

ANHAMUYECKAA APXUTEKTYPA CTPYKTYPHbIX YHACTULl MATEPUMW:
BELWECTBO, CAMOOPIrAHU3OBAHHbLIE CUCTEMbI BOAHbIX CPE[]

Locnidxyrombcsi MOXIU8OCMI KOHMUHYalbHOI efleKmpoduHaMiku 8 onuci
CMPYKMypHUX 8r1acmueocmell HaCmuUHOK Peyo8UHU — MPOMOHI8 | e5IeKMPOHI8 5K
ronbo8UX ymeopeHb. CmpyKmypHIi Yacmku Mamepii po32nsidaembsCsi K cmosya
X8UNSI  KOHMUHyasnlbHO20  e/leKmpoMazHimHo20 rnosid. Pe4yosuHy  MOXHa
posenigdamu Sk OOuH I3 riposieie enacmusocmel nons. BiOkpusarombcsi
MOXiueocmi gaug4amu 83aeMHUU 8riue 800HO20 cepedosulla, XUeoi i ¢hi3u4HoOI
Mamepii sk 83aeMO0dit0 8IOKPUMUX e/1eKMPOMazgHImMHUX CUCMEM.

KnroyoBi cnoBa: KOHTUHyanbHa enekTpoAuMHaMiKa, CTPYKTYPHI YaCTUHKM,
CcToslYa eneKkTpoMarHiTHa XBWIsl, BOAHI cepefoBulla, XuBa MaTepis, di3ndHa
matepis.

Uccnedytomcsi  803MOXHOCMU  KOHMUHyasribHOU  371eKmpoOuHaMuKku 8
onucaHuu cmpyKmypHbIX cgolcme 4acmuy eewecmea — [POMOHO8 U
3/1EKMPOHO8 KaK rosesbix obpasosaHuli. CmpyKkmypHble 4Yacmuubl Mamepuu
paccmampuearomcs Kak cmosidasi 80/iHa KOHMUHYaslbHO20 3/1eKmMpPoOMazHUMHO20
rnons. Bewecmeo MOXHO paccmampugamb Kak OOHO U3 rposierieHuli ceolicme
rnons. Gmo no38osium u3y4amb 83aUuMHOE 8/lUsiHUE B800HOU cpelbl, Xueol U
gusuydeckol mMamepuu Kak 83aumMolOelicmeue OMKPbIMbIX 371€KMPOMa2HUMHbIX
cucmem.

KnroueBble cnoBa: KOHTMHyanbHas 9NeKTpoAWHaMUKa, CTPYKTYPHbIE
YacTuubl, CTOslMasA ANeKTpoOMarHMTHas BOJSIHA, BOOHbIE cpefbl, XMBasi MaTepus,
Jomanyeckas maTepus.

This paper investigates the possibility of continual electrodynamics in
describing the structural properties of the particles of matter — protons and
electrons as field formations. Structural particulates of matter considered as
standing wave of continual form of electromagnetic field. The substance, one of
the manifestations of field properties. This makes it possible to take into account
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the mutual influence of the aquatic environment, the living and the physical matter
as interaction between open electromagnetic systems.

Keywords: continual electrodynamics, structural particles, standing
electromagnetic wave, water environments, matter a live, a physical matter.

AHanus npobnembl

B pabotax [1-5] Obinn wuccnepoBaHbl BO3MOXHOCTM  KOHTMHYanbHOW
9NEeKTPOANHAMUKM B ONUCaHMM CBOWCTB aTtoMa, MOHa BOAOPOAA W CTPYKTYPHbIX
yacTtuy matepun. B [1] paccmaTpuBanach cTauMoHapHada 3agada pacnpegesieHna
Nofis U NOKasaHo, YTO B ClyYae MCMNoSib30BaHUSA YpaBHEHUN KOHTUHYarbHOro Nons
paguyc NpoToHa B aTOMe OT/IMYaeTCs Ha HeCKOSbKO MOPAAKOB OT €ro 3HaveHumn
ana csobogHoro npotoHa. B aTon cBA3W npeactaBnsieT MHTEpec uccrenoBaTb
CTPYKTYPHbIE YacTuLbl MaTepun, KOTopble COCTaBMAKT OCHOBY aToMa Bogopoaa,
— MNPOTOHa W 9mneKTpoHa JeTanbHee B paMKaxX [UHAMUYECKUX (BOJTHOBBIX)
YpaBHEHUN KOHTUHYyanbHOW 3NeKTpoaAuHaMMKK. XoTa B [2-5] uccnegoBanucb
CTPYKTYPHbIE€ YacTULbl, HO BOSTHOBbIE MX OCOBEHHOCTU B apXMTEKType YacTul, He
paccmaTtpmBanuicb noapobHo. PackpblTue  CTPYKTYpbl MPOTOHA W 3feKTpoHa
NO3BOSIUT BEPHYTLCS K U3Y4EHUIO OCHOBHOMO dfieMeHTa BoAbl — aToMa BoAopoaa.
Ho Ha HOBOM ypOBHE MOHUMaHUS YCTPOMCTBA CIOXHbIX CUCTEM.

N3BeCTHO, YTO CTPYKTYpHble 4YacTuubl MaTepun — NPOTOH U SNEKTPOH —
CTaburibHbl M XapakTepusyrTca cnegyrwuMm  OU3MYeCcKUMU  BeNUYNHaMMU:
Maccou, CMMHOM  (COOBCTBEHHbIM  MOMEHTOM  KONMYECTBa  OBWXEHUS),
31IEKTPUYECKMM 3apAL40M U MArHUTHbIM MOMEHTOM [6].

B pabotax [1-5] noka3aHO, 4YTO CTPYKTYPHble 4YacTULbl MaTepuu, Kak u
nnasmy, BOAHblE pPacTBOPbl 3MEKTPOSIMTOB M  aTOMbl, MOXHO OTHECTU K
camocornacosaHHbiM cuctemam. OcobeHHOCmMU camocoariaco8aHHbIX cucmem
onpedenisgromcss mem, 4Ymo pacrpedesieHuss rnosiel 8 HUX 3asucsim om ceolcme
rnpocmpaHcmea, 8 KOmopoM OHU Haxo0simcsi U Cesi3aHbl C xapakmepucmukamu
rnons, eao cmpykmypoul. B atnx pabotax  uccrnegoBanacb BO3MOXHOCTb
NOCTPOEHUS €QUHOMN MOSIEBON KOHLEMNLMM CaMOCOrfacoBaHHbIX CUCTEM B paMKax
KOHTMHYarnbHON 3MNEeKTPOAMHAMUKU. YPaBHEHUS KIACCUYECKON 3NeKTpoaNHaMMUKN
HaxogAT Nons NocpeAcTBOM 3afaHusa pacnpefeneHus UCTOYHUKOB (nonen), a
YpaBHEHUSA  KOHTUHyanbHOW  9NEKTPOAMHAMWUKM  ONepupyloT  CBOMCTBaMMU
npocTpaHCTBa — CMNOCOBHOCTLIO €ero 4To-NMbo BMelwaTtb, Hakannuearb,
npeobpasoBbiBaTb, NPOBOAUTD.

Ypanocb nocTpouTb psag mogenen [2-5], koTopble MNO3BONMMNM onucaTtb
BHYTPEHHIOK CTPYKTYpPY NPOTOHAa M 3MEKTPOHa, atoMa BOAOpoda W onpeaenntb
dm3nyeckme xapakTepucTukm dactuy. [lapameTpbl 9TUX XapakTepUCTUK, WX
BEMNYMHbI He NpoTMBOpeYvaT obCy)XaaeMbliM B HAy4YHOW nuTepaType 3HaYEHUSM.
MpencraBnaeTr uWHTEpeCc NOCTPOEHWE [OUMHAMUYECKOW TeOopun, YYUTbIBAIOLLEN
BOJTHOBbIE CBOMCTBA PU3NYECKMX MONEBLIX XapakTepucTuk. Tem bonee, 4To Takme
dom3nyeckme xapakTepuUCTUKW, Kak CNUH WU MarHUTHbIA MOMEHT, OLHO3Ha4YHO
yKasblBalOT Ha AUHAMUYHOCTb TaKNMX CUCTEM.

lMosumueHbie pesynbmambi  pabom [1-5] nocnyxunu ocHoeaHuem Orisi
rnpoeedeHusi OanbHelwux uccrnedogaHull ¢ y4emom GuHaMu4YyHOCmMuU Ccucmem 8
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pamMKax ypaeHeHUl KOHMUHyallbHOU 3riekmpoOuHaMuku. Y1 amo cocmasnsem
uesnb Hacmosiweu pabomeil.

Ecnn oKyHyTbCS B MCTOPUIO BOMpOCa O MOSIEBOM KOHUENUMU CTPYKTYPHbIX
yacTuy, maTtepumn, To HeobxoamMmo caenatb rnyboKMn 3KCKypc B KoHel XIX un
Ha4ano XX BekoB, korga (U3MKM  3auMHTepecoBasiMCb  MOCTPOEHUEM
3NEKTPOMarHUTHON Teopumn aAnNekTpoHa [6-12]. Ho NOHATHO, YTO 06beEM cTaTbu He
No3BOMseT MNPOBECTUM TakoW aHanui, MNo3TOMYy  OrpaHUYMMCS  TOMbKO
LUMTMPOBAHMEM OLHOIO U3 CTOPOHHMKOB NOSIEBOM KOHUENUUN A.QNHLWITENHA.

OaHnm n3 goctmxkeHnn OTO aBUNIOCH NOHUMaHME, YTO NPOCTPaAHCTBO-BPEMS
He MoXeT 6bITb NycTbIM:“...[lycTOe NPOCTPaHCTBO, T.€. NPOCTPAHCTBO 6e3 Nons He
cywectByeT. [1pocTpaHCTBO-BpEMS CyLLECTBYET He camo no cebe, HO TOMbKO Kak
CTPYKTypHOe cBouncTBO nons’[10,758]. Bonpoc coctouT B TOM, — Kakoe nosie n ero
CTPYKTYpPHble 0COBEHHOCTM OTpaXkatoT CBOMCTBO MpocTpaHcTBa? Ha Haw B3rnag,
TakuM MOXeT OblTb KOHTMHyanbHOE 9feKTpOMarHuTHoe none, KoTopoe
yOOBMeTBOPSET peLleHNaM ypaBHEHNN KOHTUHYaNbHOW 3anekTpoanHamukm [2],[3] n
onpefensieTca CcBOWCTBaMW npocTpaHcTBa. CTPYKTYpHble CBOWCTBA TakKoro
NPOCTPaHCTBA-NONA MOXHO onpegenntb (0603HauMTb) Tak: CNoCcOBHOCTb
BMeLWaTb, Hakannmeatb 4TO-nM6O — EMKOCTHble CBOWCTBa; NepefaBaTb
BO3MyLLEeHNe, npeobpasoBbiBaTb 4YTO-NMMOO — WHAYKUMOHHbIE,  NepemMeLuathb,
TpaHCNOHMPOBaTb YTO-NIMOO — npoBoAsLME CBOWCTBA. TakMe XapakKTepUCTUKM
M3BECTHbI: & — €MKOCTb Ha eAuHWUY ANWHbI, |, — WHOYKTUBHOCTb Ha eauHuuy

onvHbl, €®(€V)— NpPOBOAMMOCTb Ha €AMHWULY AfMHbI, KOTOpble CBA3aHbl C

NONeBbIMU XapakTePUCTUKaMU. IOTU MNOCTOSHHbIE BENWYMHBLI MPUCYTCTBYIOT B
NCXOAHOW cucteme ypaBHeHun (1)-(2) BMecTe ¢ (PyHKLMAMU NPOCTpaHCTBA-MNONS
3,1,V [2,97].

«lMockonbKy obLasa Teopusi OTHOCUTENBHOCTU NogpasyMeBaeT onnucaHue
PU3N4EeCKOM peanbHOCTU HENPEPbLIBHBLIM NOSIEM, HU MOHATUE YacTuu, Unn maTe-
puanbHbIX TOYEK, HU MNOHsmMuUe 08UXeHUs1 He Mo2ym umMems ¢hyHOamMeHmaribHo20
3HayeHus (kypcus — U.C.). HacTmua MoXeT BbICTynaTb NULLb Kak OrpaHUyeHHas
obnacTb NPOCTPaHCTBA, B KOTOPOMW HANPSXXEHHOCTb NOJIS UMK NITOTHOCTb SHEPTUK
ocobeHHo Benukny» [11,725].

3agadya He MoOXeT OblTb pelleHa B pamMKax YypaBHEHMMW KracCu4ecKom
3M1eKTPOaANHAMUKN. 7 nobble peLleHus ypaBHEHNN Knaccuyeckom

1
3MNeKTPoANHAMUKN codepxaT pacxoaMmocTu Tuna (=) B Touke r—0 wnim Ha
r

BECKOHEYHOCTU NS PELUEHW NPonopLUoHanbHble .

B naHHowm e pabote Gyaem ncnonb3oBaTb NOMEBYH KOHLENUUIO, B OCHOBE
KOTOPOW nexuT nages A.OQNHWTENHa, YTO “BELLEeCTBO MOXHO paccMaTpuBaTh Kak
mMecTa ocoboro crywenusa nonsa” [12,399].

byoem nonaratb, 4TO CryuwieHue peanuayetca 6narogapa 0CoBGeHHOCTH
KOHTUMHyanbHOro nNonsi B3aMMOOENCTBOBaTb C €MKOCTHbIMM  CBOMCTBaMMU
NPOCTPaHCTBA, NOKann3ys KOHTUMHYanbHYK ONEeKTPOMarHUTHYH 3Hepruio B Buae
‘crywenmns”. NpocTpaHCTBO, €ro CMMMETPUIO onpegendeT MeTpuKka, a CTPyKTypa
nons 3agaeTcd peleHVWeM COOTBETCTBYHOLUMX YpaBHEHUM U (OOPMYMPOBKON
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KpaeBblx ycrnosun [2],[3]. VMeHHO 4epe3 CBOMUCTBO CaMOCOr1laCoBaHHOCTU
KOHTUHYanbHOro Nonsa u NPOCTPaHCTBa, MOXHO NPeAnoNoXuUTb, OTpaxaeTcs uaes
“OTCyTCTBMA NYCTOro NpocTpaHcTBa’.

NMocTtaHoBKa 3apgauun

BonHoBble ypaBHEHUS KOHTUHyarbHOW 3MNEKTPOOMHAMUKN, KaK MOKa3aHO B
[1-5], oTpaxaloT KBaHTOBble CBOWCTBA CUCTEMbl, OHW — YacCTHbIA Chny4yan
NPOSIBIEHNS MNOSIEBbIX CBOMCTB MaTtepuun. [loneBble cCBOMUCTBA —  MEPBUYHDI,
KBaHTOBble — NULLb OTPa)KeHWe ee BOSIHOBbLIX CBOWCTB. JTa MAes NpekpacHo U
npocto m3noxeHa H.bopom, a 3atem o6obOuweHa B BonHoBon Teopum Jl. [e
Bponns.

Mpexoe 4Yem NOOOWTM K MartemaTMyeckoMy OopMreHutio 3agaudn
paccMOTPMM MNOCTAHOBKY (puanyeckon coctasnsawowen. [MockonbKky craBuTCA
BOMPOC O [AWMHAMUYEeCKOW CTPYKType CaMOoCOrflacoBaHHOM CUCTEMbI, TO
npegnonaraeTca HEKOTOPbIN 3NEKTPOMarHUTHbIM NpoLecc, B pesyrbTaTe KOTOpPOoro
CTPYKTYPHbI NaTTepH CTaHOBUTCA obnagatenemMm Macchl, 3apsga, CnuHa U
MarHMuTHOro MomeHTa. Euwe pa3 nodyepkHem, 4mo hbakm cyuecmeosaHusi
MazgHUmMHo20 MOMeHma u criuHa 0OHO3Ha4YyHO ceudemersibcmeyem, 4mo [poyecc
amom OuHamu4eckul, m.e. rnpomeKkarwul 60 e6peMeHU. HO CTPyKTypHble
yactTuubl cTaburnbHbl M BpemMs UX  CyLeCcTBOBaHUS BESIMKO,  OKOJSO

10¥cex ~3.2-10% zem, 4TO Ha nopsaku Gornblue BpeMeHu Xu3Hu BceneHHon. B
makom criydae crnedyem nocmpoumes MOOeslb MakKoa2o 3/1eKmpPoOUHaMU4YeCcKo20
rpouecca, 8 KOmMoPOM KOHMUHya lbHbIe 0/1€8ble XapakmepucmuKku 3asucesu bbi
om 8peMeHuU, C OOHOU CMmMOpPOHbl, a C Opyaol, eao0 MOXHO O6blo bbi
paccmampusamb cmayuoHapHbiM. T.e. yCpeAHEeHHbIE MO BpeMeHu umsnyeckue
XapakTepucTukM He obpalanucb 6bl B HONb. MyUHMManbHble pa3mepbl obnactm
ycpeaHeHus nopsigka 107° =107 m.

Ob6patnmcs Kk n3BecTHbiM dpaktam. CBOGOAHbIE 3NEKTPOMArHUTHLIE BOJSHbI
pacrnpoCTpaHATCA NPAMOSIMHENHO B NPOU3BOSTbHOM HaMnpaBfiEHUN CO CKOPOCTLIO
cBeTa, ecnv CBOWCTBA MPOCTpPaHCTBa OA4HOPOAHbI M M30TponHbl. BcTpeyas Ha
nyTM nNpPenaTcTBUS, 3IEKTPOMArHUTHaAs BOJSIHA WCMbITbIBAET MpPENoMIeHue,
OTpaxeHue, T.e. TpPAeKTOpuUsA ee uckpmensaeTcs. M3BecTHbl (hakTbl OTKIOHEHUSA
ny4ya cBeTa OT NPSAMOSIMHENHOrO pacnpoCTpaHeHuUst BONM3N TAroTelLwmx macc,
YTO HaLMO CBOE MOATBEPXKAEHWE B TEOPUMM OTHOCUTENBHOCTU. Bom 8 Kayecmee
ocHosoronazaruwel udeu 80Crosib3yemMcs hakmom UCKPUBIEHHOU mpaeKkmopuu
0BUXEHUSI 371EKMPOMa2HUMHOU 8071HbI U PedrnosioxXuUM, 4mo 8 YrOMSIHYmMom
obbeme egosHa dsuxemcs o 3amMkHymou mpaekmopuu. Mbl He obcyxpaem
BO3MOXHbIE MPUYUHbI TAKOro ABMXKEHUS, a 06obwaeM akT UCKPMBREHNA ny4a,
HO yxe 8 e8ude 3aMKHymou mpaekmopuu. BO3MOXHO, 3TO CBf3aHO C
0COBGEHHOCTAMM B pPacnpoCTPaHEHUN 3MEKTPOMArHUTHOW BOSHbI HA NpeaenbHbIX
yactoTtax. lNonazaem, Ymo makasi eosiHa 8 hopmMe Yyacmuuybl cyusecmeyem u
nepemeuw,aemcsi Kak uesioe. 3mo ¢gpopma cyujecmeoeaHusi KOHMUHYaslbHOU
80/IHbI, cywjecmeoeaHusi Mamepuu. Ecnn BonHa agBwXeTCa B Marnowm
3aMKHYTOM OObemMe [O0CTaTOuYHbIA MPOMEXYTOK BPEMEHWU, TO CTaLMOHAPHOCTb
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Takoro [ABWXKEHUS,, BO3MOXHO, CBfi3aHa CO CTOA4YerW BOSMHOW, KOTOopas
accoummpyeTca ¢ CocpeoTOMEHHOWN 3HEPTrUen.

B nopaensiowem uncne paboT pelweHne BOJSIHOBLIX YpaBHEHWUN
Knaccu4eckon 3rekTpoaAuMHaMUKM — uweTcs Ans  criydas nNpsasMOSIMHENHOro
pacnpoCTpaHeHNs MMOCKOW BOSIHbl B HEOrpaHW4YeHHOM MpOCTpaHCcTBe NmMbo B
3aMKHyTOM ob6beme — B pes3oHatope. XOTsA 3aMeTuMM, 4TO nrockas
3NEeKTPOMarHUTHas BOSIHA C LUMPOKUM (PPOHTOM, MO CyTW,— uaeanusauus,
Hanpumep, [13,53], w”n peanbHas BONHa Bcerga WMeeT NPOAOSIbHYHO
cocTasnsaowyo. B HacToswen paboTte npu nccnegosaHnm dygem ncnonb3oBaTtb
cepuyeckylo CUCTEMy KoopauHaT, T.e. o0OpasoBaHMA paccMaTpuBaloTCS
cthepuryecknmn.

MaTtemaTtuyeckoe odpopmrieHne n pusanyeckme acnekTbl

B pabGote [4] cucTembl ypaBHEHWA KOHTUHYanbHOW 3MEKTPOAUHAMMUKN U

ycroBue KannbpoBKn 3annucaHbl B BUAE

. 7 2%
VZA+§-A—ixr0tA—V80M°'%—SOMO%ZO 1 M
€ € ot ot
_ oA 2
Vo4l it VD i-%—VSouo@—Souoa? =0, (2)
o & € ot ot ot
diVA+Vsouo<D+souo%=0 . (3)

B npuBedeHHbIX ypaBHeHMSX A U @O— BEKTOPHbIN W CKamnApHbIl
noTeHuunanbl, COOTBETCTBEHHO. Cuctema ypaBHeHun (1)-(2) wn ycnosue (3)
OMUCHLIBAIOT HEKOTOPLI BOMTHOBOWN MPOLIECC, CBA3AHHbIN C A, @ U, eCTeCTBEHHO,
C BEKTOpPAM MarHUTHOW MHAYKLUN N SNEKTPUYECKMM NONEM:

B=rotA , E-vo-A (3a)
ot

M3BecTHO, 4TO mM3n4eckoe cohep)XaHue cKanspHoro noTeHumana
O=P(X) CBA3GHO C EMKOCTHOW XapaKTepUCTUKOM CUCTEMbI CO CBOWCTBOM
HakannueaTtb anekTpudeckuin 3apsg Q (MnmM ymeHbwatb ero). Ho B nobom
crydae U3 Tpex COCTaBMsiloWwnx anektpudeckoro nona E Ej,E — Ans
paccMaTtpMBaemMon CUMMETPUM BaKHOW SABNSAETCS paguanbHasi cocTaBnsiowas
nonsa. Ey E,— accoummpylotcs ¢ TaHreHuuanbHbIMM COCTaBMSIOLWMM Mons 1
COOTBETCTBYHOLLMMN NOTOKAMU, KOTOpPble HE BHOCAT SIBHbI BKNag B M3MEHeHue
Q. 3710 nosBonsieT Ana paccMaTpuBaeMol CUCTEMbI caenaTb NPeanorioXeHue,

YTO CKanspHbIN NOTEHUKWan ABMsSeTCs TONbKO PYHKUMEN pagnanbHON nepemMeHHON
I, .e.3ecb X =r,t n ®=0(r,t). 3T0 3HAYMTENBLHO YNpPOLLAET YypaBHEHNE OSSN

cKansipHoro noTeHumana.
N3-3a Toro, 4yto @(r,t) SIBASIETCS TOMbKO YHKUMEN NEepeMeHHbIX It

cooTBeTCTBEHHO — V,@(r,t)=0 wun V @(r,t)=0, n Torga cornacHo [2],[3]

obpatyatoTcs Takke B Hynb coctasnsatowme t, =0, 1, =0.
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Kak n3BecTHO, cocTaBnsiowe Bektopa A — A,ALA B (1) onpegensioT

COOTBETCTBYHOLIME TOKN. B nokanvsoBaHHOMW 3aMKHYTOW CUCTEME MOXeT
CylllecTBOBaTb CTAUMOHAPHO TOSMbKO (PUHUTHOE OBWXKEHMEe, B TakOM criydyae u3
CUMMETPUN 33Ja4YM N ee CTauMOHAPHOCTU MOXHO nofaraTb, YTO paguanbHas
COCTaBrisloLas TOKa OTCYTCTBYET. OTO NO3BONSAET YyNPOCTUTb 3a4ady U NOMNOXUTb

A =0. Torga B ypasHeHuu (2) ana  @(r,t) yxoaaT cocTasnsiowme A — BEKTOPHOrO
T OA

noteHumana, nockonbky A =0, a t, =0, T, =0 w Bkmag crnaraemoro —-—B
g, ot
ypasHeHune ana O(r,t) paseH Hynio.

Byaem nonaratb, 4To hopMuUpoBaHue ckanspHoro noteHumana d(r,t), a
BMecTe ¢ HuM 3apsga Q yvacTuubl NpoMcXoauT 3a [O0CTATOYHO KOPOTKMMA
MPOMEXYTOK BPEMEHU U MPOLECC HOCWUT 3aTyxaloWuin XapakTtep B OTMAUYMU OT
9NEKTPOMarHMTHOro BOMHOBOrO npouecca Anst A. OTo onpefeneHo Tem, YTo

konebGaHns aNEeKTPUYECKOro BEKTOpa MOXXHO paccMaTpuBaThb Kak 4oKa3aTenbCTBO

CYLLECTBOBAHNS HEKOTOPOro W3ny4varolwero Aunonsl, Y4To He MOoATBepXaaeTcs

3KCNepMMeHTarnbHbl AaHHbIMK AN UCCINeAyeMbIX B HAcTosILLelN paboTe cuctem.
Mpennonarasi BONHOBOW MPOLIECC MOHOXPOMATUYECKUM, AN PUINYECKNX

BermumH A 3sanuwem A= A(X)-e'. VYpaBHeHMe ANS WUCKOMbIX YHKLMIA

MOXHO nonyyntb 13 (1)-(3), 3anucas:

A=A(X)-e™ | O=d(r)-T(t), (4)
3gecb X =T,0,, a nocne noacTaHoBKU (4), COOTBETCTBEHHO, B (1)-(3) nonyuunm:
—VZA(X)ZE-A(X)—EX FotA(X) +vegpy - A(X) + gy -0° - A(X) ,  (5)
€ €y
—v2q>(r)=§-q>(r)+i-§cb(r) : (6)
€y €9
2
V&T(t)+aT2(t)=0 . )
ot ot
Onsa (3) c yyetom (4) u (7) nmeem:
divA(X)=0. (8)

[lBa nocnegHux cnaraemMblx B npasou 4actu (1) ¢ yuetom (3a) n (4) MOXHO
3anucaTtb Kak COOTBETCTBYHOLLME NSIOTHOCTU TOKOB MPOBOANMOCTU B CUCTEME:

j=(ve —iwe)E, ©

04YeBUOHO, 4YTO MHOXMUTENb nepen E & (9) cootBeTcTBYET YyAenbHON
NPOBOAMMOCTUN G CUCTEMBI.

lMonyyeHHoe ypaBHeHVWe Ans A(X) MOXHO  yNpoCTUTb, €ecnu

NpeanonoXuTb, YTo V CBA3aAHO C yAernbHOW NPOBOAUMOCTLIO NPOCTPAHCTBA U ero
ON3NeKTpuYeckuMm cBoicTBamu. B obuleid nocTaHoBke 3agauyn cnepyet
NPeanonoXuTb, YTo V— KOMMMEKCHas BeNnuyMHa 1 xapakTepusyeT NpoBoasLLme 1
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AN3NEKTPUYECKMe CBONCTBA MPOCTPAHCTBA, T.€. €ro nonspmusaumio Unm peakumo
Ha nepeMeHHoe KOHTWHyanbHoe none. B pabote [14,503] nokasaHo, 4TO AN
npoBOAALMX cpel Ha BonbLlMX YacToTax MHMMas YacTb NPOBOAMMOCTM CBSA3aHa
C OeucTBMeM ynpyrux cun (aktopoB), a peanbHas cocTaBnsLwlas 3ajaeTcs
drakTopamu NornoLeHns, n Torga ang yaernbHon npoBoANMOCTM B JAaHHOW 3afadve
MO>HO 3anucaTb:

G =Y, pny — 10X, =EV —EV . (10)

B HacTosen mogenu 6yaem nonarath, YTO NPUCYTCTBME cnaraemoro V' B
YpaBHEHUN  XapakTepusyeT HakonuTerbHble CBOWCTBA MNPOCTPAHCTBa, a
V — onpegenseT ero nposoAsiine CBOMCTBa, B YaCTHOCTU, — BonHoBble. B [14,503]

MHOXUTENN  X,,.,s X,y OMPEAENSANNCH MOMSPU3YEMOCTbIO CPedbl, HO B AAHHOM

cnyyae cpefbl B OBELLECTBNIEHHOM CMbICIie HET, U MO3TOMYy TakMe CBOWCTBa
onpenensrTcsa TOMbKO MNPUCYTCTBMEM MOCTOSIHHOWM €, 4acTtothl ® B (9) u

nepemMeHHoro rnons (BosHbl).
B cBSA3K C 3TMM Mbl OrpaHNYMIUChb 3aBUCUMOCTbIO V OT ®, TeM Bonee, 4YTo
CBA3b MeXAy MPOBOAMMOCTBIO U 4aCTOTOW (AMINEKTPUYECKUMM CBOWCTBaMU
CUCTEM TOXE) B MEPEMEHHbIX MONAX XOPOLWO M3BeCTHa, Hanpumep [14,15]. Ecnu
NpeanonoXuTb, YTO:
V=i-o, (11)
TO ypaBHeHue (5) ynpowaetca n Torga:
—Vzﬂ(r,ﬁ,(p):é-A(r,e,(p)—ixrot,&(r,e,(p) .
€9 €o
(12)
CkanapHblil noteHumarn, sanucaHHbin B Buge (4) kak O =D(r)-T(t)
MOXHO HaWTM Ha OCHOBaHMM YypaBHeHuMn (6) wu (7). [Ona pagmanbHomn
COCTaBNALWEN UMeeM ypaBHEHME, aHanorM4yHoe TOMYy, KOTOpOe pellanocb B
[3,240] n noatomy BOCMONb3yeMCS MOSIyYEHHbIM TaM pelleHnem. A pelleHue
ypaBHeHus (7) 4na BpeMeHHOM 3aBUCUMOCTU JaeT:

T{t)=Cl+C2.e"" . (13).
Ecnv yooBneTBOpuTbL Ha4YanbHOMY YCIOBUIO:
T(0)=0, (14)
TO ans BeLLleCTBEHHOMN cocTaBnsaloLLEeN NCKOMOTO noteHumana
O =D(r)-T(t) nonyumm:
S
= Eil > |s%
d(r,t) = Flr'—3er+ F2 %+%—rr—3 (1-eY . (15)

®YHKLMM camMoCcornacoBaHHOCT O U T 3aAaHbl, Kak 1 B [3-5] B Buae:

3 3r-s
SZF’T: r?

(16)
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3Has pacnpegeneHve noTteHuuana MOXHO HaWTW BenuuuHy 3apsga. U3
(15) Hangem cooTBeTCTBYOLUME pacrnpenerneHve rnoren, MUCnonb3ys U3BeCTHoe

cooTHowekmne E =—-Vd(r,t) u Torga:

-S

E1(r.1) = Fl-e (r—55+3-r) -(1—e’“), 17)
, Eil2|ster—3.Eil 2| rster
1 2SS r r —V't
E2(r,t):|:2 —t———=* = (1—e ) (18)
r- r°r r

OnpepgenvB NOTOK BeKTOpa anekTpudeckon nuaykumm D =g -E2(r,t) yepes

3aMKHYTY0 MOBEPXHOCTb paguyca I, npu I —>ooun {—>o00 Hargem BenuuuHy
3apsiga Ans Yactuubl U 3HayYeHue NocTosiHHon F2. B pesynbraTe:
FZZL : (29)
4.-m-¢,

CoOTBETCTBYIOWMI MOTOK BEKTOpa 3IEeKTPUYEeCKOM MHAYKUMUM And nons
El(r,t) yepes 3aMKHYTYIO0 NOBEPXHOCTb Ha BOMNbLUNX PACCTOAHUSX PABEH HYIIO.

YpaBHeHus (6)-(8)v (12) onpeneneHbl B pedynbTaTe NpennosioXeHus, 4To
V CBfi3aHa C NPOBOAMMOCTLIO MpPOCTpaHCcTBa (Bakyyma), T.e. CO CBOWCTBOM
NPOBOANTbL, PacnpoCTpaHATb arekTpoMarHuTHoe none. Ecnn nposectu aHanoruio
C NPOBOAHMKaMK, TO NepeHOoCHMKaMU ANEKTPUYECTBa TaM ABMAIOTCA 3apsKeHHbIe
YacTuubl, HO [MEepeHOC TOKOB CMeLleHUs B pasope KoHAeHcaTopa Yyxe
onpeaenstoTca He YacTuuamu, a aNekKTpoMarHUTHLIM nonem. Ho u B Tom 1 Apyrom
crnydyae obwWuMm SBRSeTcs MEepeHOC JreKTPOMarHUTHOW  3Heprun, KOTOopbIn
peanu3yeTca pasHbiMM cnocobamu. [loaTomy B o0Owem cnyyae CBOWCTBO
rnpogoduMocmu NPOCTPAHCTBA, a TOYHEe BO3MOXHOCTb TpPaHCNOPTUPOBaHUA
yepe3 Hero (NPOCTPaHCTBO) credyeT CBA3aTb He TOMbKO C BO3MOXHOCTbIO
nepeHoca 3apsga, HO U 3NeKTPOMarHUTHON SHepruu.

YpaBHeHve (12) MOXHO 3anucaTb AN KOMMOHEHT Aj U A C Yy4yeTom

pasaenexust nepemeHHbIx A, = A (r)-Y,(0)- @, (9), A =A,(r)-Y,(0) - @ (¢) n Toro,
41O onepatop Jlannaca NpUMeHeH K BEKTOPHOM oyHKUMKU. Cuctema ypaBHEHUM
ans A 3anncaHa C y4eTOM TaKkuX M3BECTHbIX 0cobeHHocTeln. OCTaHOBMMCS Ha
ypaBHeHun onsa A, .

lMpegnonoxeHne o0 TOM, 4TO A =0, nossonuno w3 npason 4acTu
ypaBHeHusi VA = f(r,0,¢) ycTaHOBUTb CBA3b Mexay A, U A,. OTo pano
BO3MOXHOCTb 3anuMcaTb ypaBHEeHWe AN YrhoBbIX WM pagnanbHbiX GYHKUNN
coctasnawowen A,:

d*A (), 2dA () _dA(D) {S%_M)p\q(r):o (0

dr? r dr dr r2
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dY,(6)

3c0s0
d?Y,(0) de m? +1-2cos0
+ + 11+)———— Y. (0)=0, (21
do? sin0 (+D sin 02 o) (21)
d’®
Tdo? (;2( i +M’Dy () =0 . (22)

Cocraensiowme A A(p6yne|v| nckaTb, C UCNonb3oBaHueM ycrosus (8), B
BUAE:
A=f(r,0)-e™ . (e°+e™), (23)

oTpakaroLlee CyLleCcTBOBaHNE CTOSYEN BOSHbI.
Mocne noactaHoBkn (23) B (20) MOXHO MPUCTYNUTb K PELLUEHMIO CUCTEMBI

(20)-(22). Peluenue (22) ana D, (¢p) MOXHO NpeacTaBUTbL B BUAE!

D, (@) ="+, (24)
rae M- uenoe yucno. lNpuBegeHHaa cuctema ypasHeHun (20)-(22) nossonuna
HanTK koMnnekcHyto dpyHkumio Aj npu 1 =1 n m=1. 3gecb npeacTaBneHbl TONbKO
BELLIECTBEHHbIE COCTaBMALWME HaNOEeHHbIX (DYHKLNA:

C1/2e T (cos wt - cos @+ sin ot - cos
A = - ( 5¢ ?) ’ (25)

r

a BblpaxeHve Ans A MOXET ObITb HanAeHo 13 ycrnosus (8), T.e. divA=0:

S
B Cly/2e * cos6(cos wt -sin @+Ssinot-sin) (26)
A\p_ r2 .
Pusnyeckme ocobeHHocTn B opMUPOBaAHNMN CTPYKTYP
Mpexge 4em noAouTM K MNPOBEAEHUKD COOTBETCTBYIOLMX pPacyeTos,
paccMmoTpum  nogpobHee opMMpOBaHNE BOSIHOBOIO  3IEKTPOMArHUTHOro
npowuecca OUHAMUYECKOM CUCTEMbl U3 CTOSIMEN BOJSIHbI, MPUCYTCTBME KOTOPOM

OTPaXeHo BbIpaKeHnem e ' .(e'+e'®) BO BCeX HalAeHHbIX pacnpeneneHusx

BEKTOPHbIX NOMEN.

MpeacTaBneHHbIN BMA 3aBUCUMOCTU BEKTOPHOrO noTeHumana
XapakTepuayeT CyLeCTBOBaHME CTOSIMEN KOHTMHYaNbHOW BOSHbI B MarioM obbeme
(KaK yxe ynomuHanocb paguycom nopsaka 107°x ). Takoe BHUMaHWe K JaHHOMY
npoueccy CBSI3aHO C TeM, 4YTO CTosilvaa BosfiHa dopmMupyeTca B pesynbraTte
UHTepdepeHUMn, a pacrnpoCcTpaHeHne KOHTUHYanbHOW BOSfHbI B 3aMKHYTOM
Manom obbeme 6e3 adekta cynepnosvumm Bpsa M BO3MOXHO. Ho
NHTepepeHLMa XapakTepHa TOMbKO ANsl KOrepeHTHbIX BOSIH, OAMHAKOBbIX MO
yactoTe, hasa KOTOpbIX HE MEHSIeTCS BO BPEMEHW. OTO 3HAYUT, YTO TaKOW
ANHAMUYECKUA NPOLLECC MOXET BbITb CTaLMOHAPHBIM TOSIBKO MPU CyLLLECTBOBAHUN
aBTOMATU4YECKON MOACTPOMKM YacToTbl U dasbl, YTO, BO3MOXHO, W rpucyue
KOHMuHyarnbHOU cmosidel eosiHe. I He Tonbko. MI3BECTHbI konebaHusa B CTpyHE,
roe Mexay OfVHOW BOJSIHbl A UM ANIMHOM CTPYHbl | cyllecTByeT COOTHOLleHue
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I
x =n— uenoe uyucrno. B gaHHOM cnydae B [OOKasaTelibCTBEe 3TOMY
cBnaeTenbCTByeT MNPOAOIDKUTESNIbHOCTL XWU3HU TPOTOHa W J3JIEKTPOHA. A oHun

ABNATCA cmaburibHbIMU Yacmuyamu.

MpucyTcTBME MHOXUTENS €'’ B NpUBEOEHHbIX PELUEHUsIX CBSI3aHO CO
cBovicTBamu oyHKumin JlexxaHgpa [16,484]. 3ameTnm, 4TO B HacTtosiwen pabote
npoLecc cBs3aH CO CTOAYEN KOHTMHYyanbHOW 3NeKTPOMarHUTHOW BOSTHOW BOOJSb
3aMKHYTOW TpaekTopun koopauHaTtbl ''¢"

[nHammnyeckoe COCTOAHNE CUCTEMBbI onpependeTtcd BIMAHNEM
nepemMeHHbIX nonem wn ux BammogencTenem. Tak nepeMeHHoe MarHMTHoe norsie

—

nHayumnpyeTt B CUCTEME JINEKTPOABUMXKYLLYHO CUny E, KOTOpaAa ornpeaendeTcd
YpaBHEHUEM 3NTEKTPOONHAMUKNA!

rotE = -8 (27).
ot
Ho, Tak kak B =rotA, To (27) MOXHO 3an1caTh B BUIE:
- OA
E=—— . 28
p (28)

MpenctaBneHHble B (25),(26) cocTaBnswowme A NO3BOMSIOT HaNMTW

COOTBeTCTByI'OLLI,I/Ie KOMIMOHEHTDbI BeKTOpHOFO nongd E . HO HacC 6y,D,eT
WHTepecoBaTb A, T.K. C HEW CBSA3aH UHAYKLMOHHAs NNOTHOCTb Toka |, :

82

o aff . (29)
B3aumMopgeincTBMe 3TOro Toka C COCTaBMsOWEN MarHuTHoro nons B

l,=—¢

KOHTUHYanbHOW BOSMHbI NPUBOAUT K BO3HWMKHOBEHMIO JTOKarbHOro BpallaTesibHOro
MOMEHTa NIOTHOCTU ﬁ(p, HanpasrneHHoro Bgonb ocn  "Z"
- :fxrxlg
o 2u

M3BecTHO, u4TO:“lloNe paBHOMEPHO AOBWXKYLLEro 3feKkTpoHa OOSMKHO
ABUraTbCA BMECTE C anekTpoHoMm. CrnegoBaTenibHO, NPOM3BOAHBLIE MO BPEMEHU U
KoopauMHatam He OyaoyT He3aBUCMMbIMK'— Tak yTBep)kgaetcs B pabote[17,319]
npu wuccnegoBaHUM NOMs, CO34AlWErocss ABMXKYLIMMCS SNeKTpoHoOM. Hamu
paccmatpmBaeTca gpyrad 3ajada — (OpMUPOBAHWE CTPYKTYPHOM YacTuubl
3M1IEKTPOMarHUTHON BOJSTHOWN.

3a Bpemssi At nepemelleHVe BOMHbI COCTaBUT BenuUMHY AQ@ no

(30)

koopauHate “@”. CBA3b Mexay W3MEHEeHMEM BpemMeHu W KOOPAMHATOW MOXHO

yCTaHOBUTb CMNeayoLLMM 0b6pa3om.
Wccnenyem npouecc pacnpocTpaHeHUs areKTpOMarHUTHOWM KOHTUHYarbHOM
BOINHLI. B paccmaTprBaemoli cdhepuyeckoit cucTteme KoopauHaT BblpaXeHue ans

MHTEepBana CcoObITUN dSz TaKoro rnpouecca MOXXHO 3anmcatb B BUAe.
ds® =c’dt’ —dr®—r?-d0’ —r?-sin*0-d¢® . (a)
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Mpu durkenpoBaHHbIX I'=CONSt. n O =const. aTo BbipaxeHne MOXHO 3anucaTb
TakK :

c’dt® —a’d¢* =0, (6)
roe a=r-sind u, umes B BUAY, YTO UHTEPBAN AN SNEKTPOMarHUTHOro npoLecca
nepemMeLleHns BOMHbI B BakyyMe paBeH Hymi. T.K CKOpocTb C cCBsi3aHa C

Q)
o TO OKOH4YaTernbHO 13 (6) nveem:
T

4aCTOTOM COOTHOLWIEHMEM C =

m-dt:%d(p, (31)

2mna
rAe Ha BblpaXKeHue T MO>HO HamnoXuTb YCroBue:

2na
——=m, (32)
A
aHanornyHoe ana crosyven BonHbl [18,93], 4TO, MO CyTW, nerno B OCHOBY
kBaHTOBOro ycnosusi bopa. 3ametum, uto 3aBucumocTb Mexay "'t" u "¢@" 6Gbina

noslyyeHa u3 obLero BolpaXeHus onsi HTepeana cobbITuin (a), 3anncaHHoro ang
chepuryeckon cuctemMmbl KoopanHat. Bo3amMoxHo, ygayHoe ncnonb3oBaHue ycnoBust
kBaHTOBaHnss H.bopa  cBs3aHO C reHe3ncom (npoucxoxgeHuem) (32) wu3
BblpaXXeHMs AN WUHTepBana CcoObITUW, T.e. OTPaXeHuem PpenaTUBUCTCKUX
3aKOHOMEPHOCTEN MUKPOMMPA, pacnpocTpaHeHNEM (PPOHTa ANEKTPOMarHUTHOM
BONHbI [19,27] .

MonyyeHHas 3aBucumocTb Mexay ''t'w "@" 6Gbina wcnonb3oBaHa npu

WHTErpUpOBaHnM BblpaeHus ons BpawatenbHoro momeHTa (30). B pesynbtaTte

- TxIxB
nHTerpuposanms N :J‘XZ—XdV NMEEeM:
H,
-2s
3w’ Cl*n’e @
N o30elln (33)

? 4-s

Euwle oauH BpawaTtenbHblni MOMEHT N, CBSI3aHHbIW C TOKaMu C

v

3(peKkTNBHOM NPOBOANMOCTLIO V, paBeH MNo BennivHe N(P, HO MPOTMBOMONOXEH

no 3HaKy. OTO NPUBOOUT K TOMY, YTO pe3yrbTUPYHOLUIA BpallaTeSibHbIN MOMEHT B
cucteme paseH Hynw. MoXHO cgenaTtb BbIBO4, 4YmO 8 paccMmampusaemou
cucmeme ¢hopmupyemcsi cmayuoHapHoe fpouecc — ¢ NMOCMOSIHHOU CKOPOCMbHO
gpalweHusi HekomopouU 3aMKHymou cmpyKkmypbl (cucmembl) U3 KOHMUHYallbHO20
anekmpuyecmesa, Komopoe c8s13aHO CO cKarnspHbIM rnomeHyuanom @ . YacTtoTa
BpalleHuns, byaem nonaraTb, COBNagaeT C YacTOTOM (O CTOSAYEN BOJSIHbI.
Pe3ynbTaTtbl peweHusa ypaBHEeHUN

HangeHHble BblpaXXeHUsi Ona BEKTOPHOro noTeHuuana no3BOSiST HauTu

pacnpegeneHne gewecmeeHHbIX cocmassisiuux BEKToOpa MarHUTHON UHOYKUUK
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L B .
no ceBaAsn B=rotA u© nNOTHOCTM TOKOB B COOTBETCTBMM C [FOt—=].
H,
npOBe,D,eHHble pac4eTbl aanu:
Br:—Cl'Z"E'e -3|n6.§|n(p(COSmt+Sln0)t) ' (34)
r
=
_ C1. J2-e7 -cosO-sin ¢o(cosmt +sinwt) - (—r + )
B,=— n : (35)
r
;S
Cl-\2-e -COS@- (coswt +Ssinwt) - (—r + )
B,=— n (36)
r
PacnpeneneHve nroTHOCTEN TOKOB HE paBHbIX HYIHO ( jr =0), nmeet BUA:
-
. Cl-J2-er -Cos@- (cosmt +sinwt) -s- (4r —5s)
Je_ - 6 ’ (37)
r
s
j _Cl-ﬁ-e r.cosO-sing-(cosmt +sinmt)-s- (4r —s) (38)

¢ r6

3HayeHMe MarHMTHOro MOMEHTa CUCTEMbl MOXHO HaWTW, ncnoJib3yA

—

cnegywowme pacdeTbl. KOMMOHEHTbI  MarHUTHOW wmHaykumm B, koTopble
npeacraeneHbl B (34)-(36), Ha OGoOMbLKMX PaACCTOAHUAX OT paccMaTpuBaemMoro
ueHTpa cdepbl dopmupytoT (Npy ucnonb3oBaHunm ycrnosus (31)) cpeaHee
marHuTHoe none B. [Insa B — BpallatoLencs 3apskeHHon cdepbl 1 B,— nnockoro

KOHTYpa Ha B0MnbLUNX PacCTOSAHUSAX UMEEM :
-s

Cle’ -\J(5-3-cos’ 0 m Mn»Ja+3«m§e
e R @

roe MM — marHuTHbIN MOMeHT koHTypa. MHTepnpetupys (39) kak nose nnockoro
KOHTYpa Ha B0rbLUMX pacCTOSHUAX U, paccMaTpmBast 3Ha4YeHUsA 3TUX BENUYMH Npu
0=0, wHaigem Aans  komnoHeHTOB  (34)—(36) 3HayeHMe  MOCTOSHHOWM
NHTErpupoBaHus:

S
u,-et-Mm
2.1

Cl= , (41)

s
Mbl COXpaHsieM Anst yao6cTBa MHOXMTEMNb €l , NOCKOMbKY NOAOGHbI MHOXUTENb
OCTaeTCs B HaNOEHHbIX pacnpeaenieHnsax nornen n gaet CooTBETCTBYOLWNM BKNaa
Ha KOHE4YHbIX Npefenax MHTErpnpoBaHUS.

MoctosiHHyto uHTerpupoBanuss F1 B (19) Havigem U3 ycrnoBus
HEeNPEepPbIBHOCTN BEKTOpA 3NEKTPUYECKOM WHOYKLUMM Ha HEKOTOPOW MOBEPXHOCTU
KOHEYHOro paguyca a, KOTOpy MOXHO OTOXAECTBUTL C pa3Mepamu CTPYKTYPHOWN
YyacTuubl, XOTS ONSA MOMEBOM CUCTEMbI 3Ta BENMYMHA HOCUT TOMbKO YCITOBHbIN
XapakTtep, B OTNUYMN OT S, KOTOPbIA onpeaensieT HakonuTerbHble (EMKOCTHbLIE)
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CBOMCTBaA TakoW cuctembl [2-5]. Pac4yeTbl nokasanu, 4YTo BNUsIHUE chnaraemblX,
NPOMNOPLUMOHANbHbIX MHTErpanbHO-NoKa3aTeNnbHbiM (OYHKUUAM, Ha YUCHEHHbIE
3HaYeHUs KOHEYHbIX pes3ynbTaTax MHOMo MeHbLUe, MO CPaBHEHUK C APYrnMu
cocTtaBnslowmMn. OTO MNO3BOMMMAO HaM M3-3a OrpaHMYeHHoOro obbema cTaTbu
YyNPOCTUTb FPOMO3AKNE BbIPaXXEHNSA C NPUCYTCTBMEM Takux pyHKUun. Tem Gonee,
YTO NPUCYTCTBME TaKOW YHKLMM NpMBOAUT K HeOobXoaMMOCTW nepexoda Ha
YUCNEHHbIE METOAbl MOMCKa 3HAYEeHWW napamMeTpoB, YTO ANA aHanUMTUYeCcKoWn
paboThbl co3aatloT KparHme HeynobceTea. B pesynbtate umeem:

3 ga
Fl-_ Q@€
4.g -m-(-S+3a)

(42)

3HayeHns a,S WM O BbIMUCIUM U3 COMOCTAaBMEHUA TeopeTU4eCcKnx
3Ha4yeHW Maccbl, MarHUTHOrO MOMEHTa W MOMEHTa uMnynbca B
paccmaTpuBaemMonm Moaenu C COOTBETCTBYHOLLMMMU N3BECTHbIMU
9KCNepMMeEHTanbHbIMU AaHHbLIMMU.

PaguanbHaga coctasnswowas nong (17) coBnagaeT ¢ nonem, KOTopoe 6bIio
ncrnonb3oBaHo B [3],[4] ANA NOCTPOEHUA HEKOTOPbIX MoAeNnen CTPYKTYPHbIX
yacTy MaTepun. OTMNMYHBIE OT Hyns anekTpudeckne E=-VO (17),(18) u
MarHuUTHble COCTaBnsAoWME KOHTUHYyanbHoro nons (34)-(36), NO3BONAT HaNTK
COOTBETCTBYHOLLME 3HAYEHUS SHEPIUN CUCTEMbI U BMECTE C HEeK MNSIOTHOCTU Macc
1 3HAYEHNSA Macc B COOTBETCTBUM C U3BECTHLIM BblpaXkeHnem E =m-c? .

Ncnonbsyem N3BECTHbIE COOTHOLUEHNS ans onpegeneHus
COOTBETCTBYIOLUNX NIIOTHOCTEN HEPIUM U MaCChl:

2 a 2 52
W:&, (VCD(I",'[))Z"‘E(%j +i ﬁ +B_, H=ﬂ2' (43)
2 2lat ) 2l ) on c

MnoTHOCTb 3apdna onpegerneHa B - 3NEKTpoAMHaMUKE  YpaBHEHUEM

dive E =p, a ans BekTopHoro noteHunana onpegaeneqo ycnosue (8) divA=0.

N3 ykaszaHHbIX COOTHOLLEHMI criedyeT, YTo BKNad cocTaBnawwwmux Bektopa A B
3HEeprvio BONHOBOro nonst 6yaet paBeH Hymo. A npeaBapuTeNbHble pacyeThbl.

nokasanu, 4YTO y4yeT  COCTaBnsLUX A yBOAUT NapamMeTpbl CUCTEMbl U3
dum3nyeckn pasymHom obnactun, No KpanHem Mmepe Ansi paCCMOTPEHHON B paboTe
3agaun.

Bknag B sHepruto nonsa 6yayt BHocuTb pacnpegenenna (17),(18) u (34) -
(36).
Yyer ponun nons E2 & 9HEpPrMi0 CUCTEMbl HE3HayuTeneH, Mno3TOMy Mbl
npeHebpernu BAUSHMEM 3TON COCTaBNANLEN B pacyeTax, B KOTOPbIX OCHOBHOW
BKMNag, 3agaeTcs nonsiMun, onpeaensiowmne BHyTPEHHIOW CTPYKTYpY YacTul, :

®/2n2m T o
w, == [ [[[ELr.t)*drdedepdt . (44)
2 0 O0O0a
[ns MarHUTHON COCTaBNAKOLLEN S3HEPTMM COOTBETCTBYOLNIA BKNag Oyaet
onpenensTbca CooTHoweHmamMm (34)-(36):
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1 o/2r2nm a

W, == j Hj(Br2+B§+B;)drded(pdt. (45)
3HayeHne MomMeHTa VIMI'Iy:'IbCZl C(I)/ICOTOeMbI HaVIﬂ,eM M3 COOTHOLUEHUN:
mfﬂfﬁu c-a-sin6-dvdt , QTHTT‘TH'm'rZSinez'dV'dt’ (46)
000 0 00O
=wlj‘2nz_ftﬁu~®-a-rsinez-dv -dt, J, :w/fﬂfﬁp-c- rsin0-dv -dt, (47)
0 00O 0 00O

B OCHOBE KOTOPbIX IieXaT BbIpaXeHus ANA MAOTHOCTM MOMEHTa uMNynbca
J=p-rxv-dvdt wmartepuancHon Toukm c maccom dm=p-dV, roe p-
NAOTHOCTb MaccChl, CBA3aHHAas CO 3HAYEHUSIMU MITIOTHOCTU 3NEKTPOMArHUTHON
aHeprum (43).
[ns aHeprun (44),(45) c yuetom (42) nmeem crnegyoLime BolpaKeHus:
Q%-(4-12n+6n* +12n°+18n* +18n° +9n°)
64-¢, -s-m-(-1+3-n)°

W, = , (48)

k?-p, -Mm?-(6n*+6n° +3n* +2)
6-m-s°
roae Q- 3apag 4actvy M Mm— MarHUTHbIl MOMEHT — 3KCNepuUMEHTanbHbIX

W, = (49)

AaHHble (TabnuyHble 3HavyeHns). 3gecb n ganee k=1 n=a/s .
[ns MmoMeHTa nMmnynbca nony4veHo:

Q’n-(4-12n+6n°+12n°+18n* +18n° +9n) k?-u, - Mm?-(34n* +34n° +17n* +10)

J = 50

! 256¢_ -c-(-1+3-n)? 128-c-n’s?  (50)
smQ’n?(2—8n+6n*+6n°+3n*)  wk’u,Mm?(19n* —6n +6)

2= 2.2 + 2e 2 J (51)

48e m(—-1+3n)°c 30m-c“s-n

] _anzs-m-(2—7n+4n2+6n3+6n4+3n) Mm? -k’u, - - (38n +19n° —6n+12) (52)

3 48¢. m-c? - (—1+3n)? 60m-c?-s-n? '

] ~ Qn(2-7n+4n*+6n°+6n" +3n°) kzp Mm?(58n* + 29n° —10n+20) (53)

“ 128¢_ -c-(~1+3n)° 256-c-s°n’°

roe yvTeHo, 4TO YrnoBasi CKOPOCTb oOnpeensieTcsa 4acTtoTonM BOSHbl. CBs3b
MOMEHTa WHEpPUMM  CO CKOPOCTbIO PacnpoOCTPaHEHUs BOSIHbI W 4acTOTOW
onpeaeneHo B HaCcToAWwenW Moaenu CooTHoweHuamu (46),(47). lMpn atom
BO3HMKaeT npobnema uHTepnpeTauuMyM MorieBON CUCTEMbI B pamMKax aTpubyToB
MEXaHUKMN: T:H-va-dth. [denctButenbHo, B AaHHOM BbIpaXXeHUn paguyc-
BEKTOp oOnpedenser MecTo Jfokanu3auum nAoTHOCTU MacCbl U CBA3aH C
NPOCTPaAHCTBOM (HO B AaHHOM Clyyae BellecTBa HeT, eCTb BOfMHa U “MecTo
nokanusaumm’— YCNoBHO), BEKTOP CKOPOCTU MOXeT ObITb nbon dyHKumen
KoopAauHat, T.K. onpegensetca aktopamu cuctembl. B aTtom  cBA3n
WHTEpnpeTauMs BMNOMHE YCMOBHA, HO B pamMKkax [[OnycTumon cBoboabl
PacCMOTPUM HECKONbKO 3aBMCMMOCTe V OT napaMeTpoB cucTeMbl. MOXHO
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npeanonoXuTb, 4to [F xV|=a-sin0-c ( J,), rae dukcupyeTtcs pagnyc cepbl Ha
1

KOTOPOM CKOPOCTb C nocTosiHHa. [pu ‘FXV‘:rZ-SinZG-w (J,) — 3apana
yrnoBasi 4actoTa Ha MOBEPXHOCTU cdepbl MNPOU3BONbLHOIO paguyca. Ecnu
‘fo‘ =r-a-sin‘0-o (J;), ToO ckopocTb 3apaHa Yepes YacToTy Ha HeKOTOpOK
noBepxHOCTU paguyca a. Mpeanonaras, 4To ‘fx\?‘ =r-sin®-c (J,) — ckopocTb
paBHa C B nto6on Touke, rae p#0.

MarHuTHbIA MOMEHT CUCTEMbl Obin onpedeneH ABYMS MoAensMu: B
MOZEeNM BpaLleHVsi MOBEPXHOCTHO OJHOPOOHO 3apsikeHHoW cdepbl Mm, u B
mMogenu BpalweHns obbeMHO 3apsikeHHon cdepbl  Mm, . [MnoTHOCTb
3NeKTpu4YecTBa P MOXHO oOfpedenuTb C nomolwpio  (15), MNOMHS, 4YTO

—& V’®(r)=p, a nuHeitHas ckopocTb paBHa C. Torga:

an2n2n/o
[ p-risin?6-dr-do-de-dt. (54)

000 O

_ Co
* "

[na MmarHMTHOro MoMeHTa B paboTe Nony4vyeHbl Takne BblpaKeHUs:

Mm, = 2Q-0-n's” | Mm, = QN CSAANTAN) g,
3 8-(3-n-1)

Pacuet usmyecknx xapaktepuctmk S,a M @ B poboTe peanusoBaH
cneayrowmnm obpasom. MI3BECTHO, YTO SHEPIUIO ANIEKTPOMArHUTHOrO MOMst MOXHO
CBA3aTb CO 3HayeHMeM MIOTHOCTM Maccbl M C CaMOW MacCoM Ha OCHOBe
3aBMCUMOCTEN, XOPOLWO W3BECTHbIX B dum3nke (43). B HacToswen pabote
nonyyeHbl  BbIpaXeHUs AN COCTaBMISIOWMX  SHEPrMn  KOHTUHYarbHOro
3NEKTPOMarHMTHOro Nonsi, KoTopble NpueeaeHsbl B (48),(49) 1 661110 NCNONB30BaHO

nepBoOe YCroBWe Ans onpeaeneHns S,a n o:
W, +W, =M -¢* . (56)
N3BeCTHO, Y4TO CTabunbHbIe YaCTULbl XapaKkTepPU3YyTCS 3HAYEHMSIMW CrMHA
(cOGCTBEHHBIM MOMEHTOM KONUYECTBa [ABMXKEHMS)) U MarHUTHbIM MOMEHTOM.
OkcnepumeHTanbHble akTbl YyTBEPXKAAKT, YTO MarHUTHbIA MOMEHT Yactuy, Mm,

Mm

CBSI3aH C UX COBCTBEHHBIM MOMEHTOM UMMynbca L cooTHoWweHueM [6,242]:
Mm, =g-L, (57)

e

/]
roe g-— rmpomMarHMTHoe COOTHOLLUEeHKE. ,D,J'IFI OINEeKTpoHa (¢, :mi n L ZE, a ansa

e

NPOTOHa COOTBETCTBEHHO — (, =2.792763-l n L :g. 30ecb (— BeENUYMHa,

m,

YMCNEHHO paBHas abCoMTHOMY 3HaYeHUIo 3apsialy anekTpoHa. Btopoe ycnosue
CBSI3@aHO C oMnpefeneHnemM MOMeHTa uMnyrbca Yactuy J,:

J=2 . (58)

Ha 3HayeHne MarHMTHOro MOMEHTa MOTyT OKa3blBaTb BJIMAHUNE TOKMU,
CBA3aHHble C nepemMelieHmnem rnmnoTHOCTU 3JrleKTpunyectsa C leIOBOIZ CKOPOCTbIO
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(™, @ He TONbKO NepeMeLleHMeM MOTHOCTU Macchl, T.e. MOMEHT uMnynbca. B
TaKkOM crfly4yae CyMMapHOEe 3Ha4yeHWe MarHMTHOro MOMeHTa cuctembl Oyaer
onpenensitbCs BIUSHUEM COGCTBEHHONO MOMEHTa UMMyrbca U 3PDEKTUBHBLIM
nepemMelleHvemM anektpuyectea Mm. . B Takom cnyyae TpeTbe ycnosue Ans

HaXOXOEHWs1 BENMYMH S, & U () MOXHO B 00LLleM Buae 3anucaTb Tak:

93 4+ Mm =Mm, (59)
m
rge ‘]i — B 3aBnMcCMMoCtTn OT paCCManI/IBaeMOIZ mMoagenn orpegendertcd

cooTHoweHnsmu (50)-(53) ana kaxgoro copTa YacTuy B OTAenbHocTn, a Mm,
onpeaeneHo B (54),(55).

[MonyyeHHble 3HA4YeHWsa BenMYMH S,a  nNpeacTaBneHbl B Tabn. 1 ansa
NpOTOHA W 3MeKTpoHa. TeopeTudeckue 3HaYeHUs BenMYMH MaccCbl, MOMEHTOB
MMMNYNbCOB M MAarHUTHbIX MOMEHTOB YMCIIEHHO pPaBHbl 3JKCMEPUMEHTanbHbIMM
(TabnuyHbIMK) OaHHbIM, T.K. ObISIM OCHOBOW 4151 MOMCKA 3HAYEHUN S,a .

Tabnuya1l

PacuyeTHble faHHbIe O reoMeTpmnyeCKux napamertpax, 4actoTtax,
Maccax, MOMeHTaxX MMnynbCoOB, MarHUTHbIX MOMeHTaxX 4YacTtuy

duanyeckKne [MPOTOH

BENMWUHUHBI J, Mm J, Mm, J, Mm, J, Mm
S(m) .1053-10-15 .1040-10-12 .8613-1016 .1983-10-13
a(m) 1272-10-19 .1295-10-1° .2435-101° .1180-10-14

w (ob/c) .1048-1026 1011-1026 .2860-1025 .2028-1024

Wi/me?2 % 98.26 me 98.13 ms 81.54 mg 95.27 me
Mpl/ms 2.7928 2.7928 2.7928 2.7928
Pp/ms 1 1 1 1
MA/m5 1.7928 1.7928 1.7928 1.7928
J/(h/2) 1 1 1 1

PHUINYECKH QJIEKTPOH

BEMW4YMHBI J, Mm J, Mm, J, Mm, J, Mm,
S(m) .8523-10-13 .8760-10°13 .8760-1013 .3686-1012
a(m) .2359-1012 .1500-10-12 .1500-10-12 22281011
w (obl/c) .6028-1019 .1910-1023 .9412-1022 B6760-1017

Wri/me? % 67.84 mg 91.68 mp 91.68 mg 99.42 me
Me:/Me 1.0011 1.0011 1.0011 1.0011
Ped/me 1 1 1 1
MA-/Me 1159-102 1159102 1159-102 1159-102
J/hi2 1 1 1 1

Mony4yeHHble pe3ynbTaTbl, 06CYXAeHMe U BbIBOAbI

lNpoBefeHHble  pacyeTbl MNokasanu, 4YTO MNpu  pasHblX  MoAensx

COBCTBEHHbLIX MOMEHTOB MMMNyIbCOB 4YacTuy, ‘]i Onga npoTtoHa yaaeTcd nonyyvnTtb
MWOEHTUYHble 3Ha4YeHUA npu Bbl60pe TONMbKO OAOHOro 3Ha4YeHud MarHUTHOro
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mMomMeHTa MM, KkoTopblii onpedeneH B MOAeNnU BpalLEHWUs MOBEPXHOCTHO

3apsbkeHHon cdepbl. Mpu atom B cnydae J, +Mm, 95% maccel npoToHa

COCTaBnsieT BKNag ckansipHoro nons. B ocTanbHbIX codeTaHuMsix Macca B
OCHOBHOM oOnpegensieTcss BKMagoM MarHuTHon cocTasnswowen (cm.tabn.1). B

Tabnuue macca npeacraBneHa B OTHOCUTENbHbIX eaunHULax (mcz)
COOTBETCTBYIOLIEN YacTUubl. [Na 9MNeKkTpoHa TakkKe XapaKTepHO, YTO B Criyyae

J4 + Mrﬂl OCHOBHOM BKNag B MacCCy COCTaBJIIAET 3NIeKTpu4eckad CcoCTaBfidoLLad,

ad B OCTallbHbIX CO4YeTaHUAX npenmMmyuiectso 3a MarHUTHbIM MoseM. Ho cnegyert
3aMeTUTb, YTO A51A 3NNIEeKTPOHa XapaKTepHo ydacTtne moagesnin MarHMTHOro MOMeHTa

Mm,, rae paccmatpuBaeTcs Mofeflb 06beMHO 3apsikeHHON cdepbl C NIMHENHOM

CKOPOCTbIO paBHOM CKOPOCTM CBeTa. OTO MOXHO OOBACHUTb TEM, YTO 3NEKTPOH
nmeet 6OnbLINE pa3Mepbl, YEM MPOTOH U €ro apxutektypa bonee “noaBwkHa”,
T.€. 3HayeHWe yaeribHOM MOBEPXHOCTW Yy HEero MeHblue, YyeM y npotoHa. N anga
nonist OTHOCUTENBLHOMO “NpocTpaHcTBa 6onbLue”.

[MOHATHO, YTO BCe 3HaYeHUs PU3NYECKMX BENUYMH, KOTOpble CBA3aHbl C
Tpems ycnosuammn (56),(58) n (59) onpeaeneHbl TabrMYHLIMKU 3HAYEHUAMU
MaccCbl, MOMEHTa UMMNyfbca M MarHUTHOrO MOMEHTa 4acTul, M OTNn4aTbCA OT
CrnpaBoYHbIX He ByayT. B Tabnuue oHn npuBeAeHbl B OTHOCUTENbHbBIX €aUHULAX.

3HayeHnsa reoMeTpuyeckmx napameTpoB S,a oTnuyarTca mexay cobown,
HO NMpu BbIBOpe pe3ynbTaToB pacyeTa Mbl PYKOBOACTBOBAIUCH YCOBMEM, YTO a
OTpaXkaeT pasMep 4YacTuy, M AOOfKeH ObiTb Oonblie, YeM 3HayeHue S, 4YTO U
oTpaxeHo B Tabnuue. [1ns NnpoToHa a HaxoaAaATcs B npegenax 3HadeHun doopm-

daktopa npoTtoHa (.2+1)-107°
bakTopa WCMOMb3ylT 3HAYEeHMEe KOMMTOHOBCKOM [MWHbI BOMHbI 3MEKTPOHa —
243-10™" m. XOTA KMaccuyeckuin paguyc SneKkTpOHa CUYUTalT  PaBHbIM

M [20]. A Ona anekTpoHa B kKayectBe (OOpM-

.281-10m. Takon pas3bpoc 3HaYeHUit CBA3LIBAKOT C Pa3fUYHLIMK MOAXO4aMU B
pacyeTax u Co CMOXHOCTAMU B NPOBEAEHUM SKCMEPUMEHTAlbHbIX UCCNeLOBaHUN
no onpegeneHnto pasmepa anekTpoHa. Ho 3ameTnm, 4TO NO NpeacTaBNEHHbIM B
HacTosiwen paboTe pesynbtatam OOnNbWMA pa3Mep IMEKTPOHA, Kak MorieBown
cucTeMbl, onpegensaeTt 60MbLy0 NOABUXHOCTL (M3MEHYMBOCTL) €ro pasmepoB U3-
3a B3auMMOEWCTBUS C apTedaktamum B 9KCMEPUMEHTE, YTO MOXET 3aTpyaHSTb
n3MepeHune ero pasmepoB.

3HayeHNs 4acToT CTOSYeN BOJSIHbI UCCredyeMblX 4acTul OTAWYHBI Ans
NpoTOHa W anekTpoHa. Ho obpawaeT Ha cebs BHUMaHWe pakT, YTO B Cnydyae,
Korga coyeTaHue napamMeTpoB COOTBETCTBYET CUTyauum C NpeuMyLLecTBOM
BKMaga 3MeKkTpUYeCcKon KOMMOHEHTbI B 9HEPrui0 YacTul, 3Ha4YeHna S, a bonblue,
a 4acCTOTbl MEHbLUEe COOTBETCTBYIOLIUX 3HAYEHUW ITUX MapamMeTpoB B Clyyae
npeMmyLLecTBa MarHUTHOM COCTaBIISIOLLNMA.

O6paTuM BHMMaHWE, YTO TOSIbKO B OAHOW U3 YETbIPpEX PACCMOTPEHHLIX B
paboTe Moaenen nposiBUNICA BKIaA 3IEKTPMYECKOro daktopa B 3HEPru W
COOTBETCTBEHHO B MacCCy 4acTuu, HO KIaCCMYeCcKuh paguyc anekTpoHa
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paccynTbiBaeTCcs, MO CyTWU, B MOAENIN 3MeKTPUYECKoro B3anmogencTBusa yacten
3NeKTpoHa mexay cobon.

MpeacTtaBneHHble pe3ynbTaThbl NOKa3bIBAKOT, YTO PACCMOTPEHHbIE NONEBbIE
MoZenn, no3BONAT oOnucatb [ABe CTPYKTypbl, OTAMYalOLMECs Maccown
(NpakTnyeckn Ha Tpw nopsiaka), pasmepamun, MarHUTHIM MOMEHTOM Y MOMEHTOM
nmnynbca. Bce 370 ykasbiBaeT Ha TO, YTO NogobHaA nHTeprnpeTaums CTPYKTYPHbIX
YacTuy, MaTepum OTpaxaeT OCHOBHble CBOWCTBA WUccnegyeMblX OOBLEKTOB U
OTKpbIBaeT HOBble BO3MOXHOCTU B OCBOEHWW MNOJSieBbIX CrnocoboB ynpaBreHus
CTPYKTYpaMu yxxe BeLLeCTBa.

M3 nogobHbIx YacTuy ccopMmpoBanmchb Takke Bonee CroXxHble nonesble
CTPYKTYpPbl, KOTOpbl€ KOSIMYECTBEHHO MEPEeLUSiIn B HOBOE KayeCTBEHHO W ganu
HOBOE MOHATNE — BELLECTBO.

MarHuMTHbIN MOMEHT, Kak U MOMEHT uMMynbCca — CyTb AWHAMUYECKOro
COCTOSIHUSI CUCTEMbI, OTpPaKeHWe CyLIeCTBOBaHUA CTOSYeh KOHTUHYasrbHOM
BOJSIHbI.

OcobeHHOCTb nMpeanaraemoro noaxoga COCTOUT B TOM, YTO CTPYKTYPHble
YacTuubl MaTtepun, KoTopble CTabunbHbl (MPOTOH M 3MEKTPOH) paccMmaTpuBaloTCs
Kak nonesble obpasoBaHud, “MecTa CryweHus nosns”, 1 CBOMCTBA 3TOro Crycrka
MOXHO ONUCaTb, NCNONb3Yysl YPaBHEHNSA KOHTUHYaNbHOW 3NEKTPOANHAMUKN.

1. [pednoxeHHass meopus Mo3gosnusa Haumu 00Cmamoy4yHO pocmoe
obbsiCHeHUe MazHemusmMa 4Yacmuu, He obpawasicb 3a MOMOWbO K
“‘supmyarnbHbiM yacmuuam” [1,243,475]. 3OTO CBSI3aHO C CyLLECTBOBaHMEM
AOMOMHUTENbBbHBLIX TOKOB, KOTOpble onpefeneHbl BpawaTerbHbIM - ABUMXEHUEM
KOHTMHYarbHOro afieKTpMyecTBa 4YacTuy,. JTO XapakKTepHO Kak ANns NpoToHa, Tak u
ANSA 3NEeKTPOHa, HO B MEHbLUEN CTEMEHMW.

Ha cerogHAWHWN f[eHb HeT 9KCnepuMMeHTamnbHbIX CBUAETENbCTB O
ANHAMNYECKOW CTPYKType 3NEeKTpUYeckoro 3apsga. Hu anekTpoH, H1M NPOTOH, HA B
COCTOSIHMM NOKOS1, HA PaBHOMEPHOrO ABWMXXEHUSI HE U3ny4yaloT aHeprun. B paboTte
paccmaTpuBaeTCsl CyLeCTBOBaHME CTaLMOHAPHOIO0 COCTOSIHUSA CKanapHOro nons
Ha doHe konebaHun BeKTOpHOro. Ho 3TOT cBoeoOpasHbli  3MEKTPUYECKUi
naTTepH BpawaeTca BOKpYr ocun Z, obecneuynmBast JOMNOMHUTENbHbLIN MarHUTHbIN
MOMEHT (aHOManbHbIN).

YacTuubl XapakTepusyrTcss eMKOCTHbIMM CBOMCTBaMn 1 pasMepamMu, Kak B
AaHHOM MoJenu, Tak U paccMOTpPeHHbIX B [2],[3]. MpUHATO cunTaTb, YTO ANEKTPOH
— 93T0 camas ManeHbkasi 4acTuua (KrnacCuveckui paguyc  anekTpoHa

r,=.2818-10"" M. PacueTbl B pamkax NoneBoii MOAENM MnokasbiBalT, YTO pasMep

9NeKTPOHa MMeeT GonblUMA NOpsAok — re = 10722107 m, a y npoToHa
3HAUMTENbHO MeHbLMA  nopsaok — r, = 107°:10° m. 310 nossonsert
NpeanoXunTb NHYI0 MOLENb CTPYKTYPbl aTOMa.

2. Cmpykmypbl amoma — 3mo “Mampewka’”, 8 Komopou rpomoH 8 yeHmpe,
a anekmpoH 8 sude rnosneesoli hopmayuu obeonakueaem rpPomoH, U Hem HUKakouU
HeobxoOumocmu 37IEKMPOHY 8pawambCsi B80Kpy2 rpomoHa. Tem ©Oonee B
MHOrO3J1IEKTPOHHOM aToMe. AmoM, moxxe rosniegasi cmpykmypa [1-3].
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MoxHOo  yTBepxaaTb, €CnM  3KCNepuMeHTanbHble  uccnegoBaHus
NOATBEPASAT NPaBUIbHOCTb pacCcMaTpMBaeMon B HacTosiwen pabote mogenu, To
He TOSIbKO MOHATME 3apsida, HO U MOHATME EMKOCTU YacTuulbl U 3HaYeHue
noteHunana @ nprMobpeTyT TOYHbIN  (PU3MYECKUA  CMBbICH BaXKHEMNLINX
XapakTepUCTUK JIOKarnbHbIX CBOWCTB NPOCTpaHCTBa-nons. [1pocTpaHCTBO Yyxe
CT@HOBUTCS HE «MYCTbIM».

MoTeHunan onpegeneH Ha HEKOTOPOWM MNOBEPXHOCTW, Ha HEKOTOPOK
rpaHuue. Ho CTpykTypa ckanspHOro nonsi B yCTaHOBUBLLEMCS peXUMe TakoBa, YTo
MOTOK BEKTOpa 3rfeKTPU4ecKoW WHAOYKUMM 4Yepe3 HEKOTOPYK  3aMKHYTYIO
NPOU3BOJIbHYIO MOBEPXHOCTb MNOCTOSIHEH U UHTEPNPETUPYETCH Kak MCTOYHWUK Nons,
MHTEHCMBHOCTb KOTOPOro umeeT 3HadeHve QQ (ero onpepensoT Kak 3apsaa). Ms

Takoro (pusmMyeckoro cogepxaHus 3apsga cregyeT, YTO OH He JenuMm ans
yacTuubl HM Ha KakMe 4actu. B npaBon 4vactu ypaBHeHus (6) ons D(r) Het

XapakTepUCTUK UCTOYHUKA, KakK B YPaBHEHUSIX KIACCUYECKOW 3MeKTPOaUHAMUKN.
EcTb TONbKO XapakTePUCTUKM NPOCTPaHCTBa &, © 1 nonsa ®(r), Va(r).

3. MNonesas apxumekmypa cmMpyKmMypHbIX Yacmuy Mamepuu He Oesnuma.
lNonesas apxumexkmypa nubo ecms, NU60O aHHU2UNUPOBaHaA.

[na makpocucTtem, [feneHve 3apsga BMoSHE OYEBUMOHO WU MOHSITHO.
MpoucxoguT peneHMe He 3apsida, a uucna  CTPYKTYPHbIX — YacTul
obecneunBatowne obwmn 3apsa matepuanbHoro tena. lNoctpoeHHass nonesas
MOAESNb CTPYKTYPHbIX YaCTWUL, MaTepuMM He OCTaBMnseT MecTa M Afs MOHOMons,
yKasbiBasi, YTO MarHMTHoe none dopmupyeTcs B peaynbTate ANHAMUYECKOro
COCTOSIHMSI CUCTEMbI, KOTOPOE B MEXAHUYECKOM WHTepnpeTaumm COMPSKEHO C
BpaweHneM. MOXHO ckasaTb, YTO AMHAMUYHOCTb MOSIEBON CUCTEMbI OTPaXeHa B
CYLLLeCTBOBAHUN MOMEHTa MMMynbca (CNuHa) U MarHATHOrO MOMeHTa (B CMbICrie
9KCNEPMMEHTaNbHOro 3Ha4YeHusl) M 3apsiga, OH He CTaTuMYeH, 3TOT naTTepH B
ABWXEHUU, BO BpaLLEHUMN.

4. BonHa, kak ¢hopma cyuwiecmeosaHus mMamepuu OuHamu4Ha o cymu
ceoel. Takou xe no rnpupode ceoeli cmaHo8UMCS U CMpPYyKmMypHasi Jacmuua.
LuHamu4yHocmb CmMpyKmMypHbIX HYacmuy 8 ompaxXeHuu UX 80JIHO80U Mpupodhbl.
BonHa u yacmuuya—gopmbl  c80600HO20  NepeMeweHuUss mMamepuu 8
rpocmpaHcmee.

Ecnn nepemelyeHne BonHbI CBOGOAHO — BOMHA B ABWXEHUW, TO YacTuua
MOXET MOKOUTbCHA, OTHOCUTENBHO, HO, OCTaBasiCb BO BpaLlleHun, nmbo cBoboaHO
nepemMeLlaTbCcd, kak BonHa. Ho abcontomHo20 nokos Hem. Ecmb cocmosiHue
‘nokos”, HO 80 8paweHUU, ocmaegasiCb Ha Mecme,— CO CMOPOHBbI.

3apsag — XapaKTepucTvka He TOMbKO 4acTuubl, HO U MNPOCTPaAHCTBa, B
KOTOpPOM cocpefoTodeHa CTofYas KOHTMHyarnbHas 9feKTpoOMarHuTHas BOJSHa.
JlokanbHaa obnactb obnagaeT 3Hepruen, Maccow, 3apsaoM UMEET CIIOXHYHO
CTPYKTYpPY CBSI3€l, TOKOB, KOTOpble MPOAYyUMPYIOT MAarHMTHOE none, KOTopoe
XapakTepuayeTcsi MarHUTHbIM MOMEHTOM. OTa obnacTb MarnbiX pasMepoB WU MoA
AENCTBMEM  BHELIHWUX CUIT  3NEKTPOMAarHUTHOrO  MPOUCXOXAEHUST  MOXET
nepemellaTtbCsi B MPOCTPAHCTBE C YCKOpPeHnem wunu 6e3 Hero. 3710
caMoCTOATENbHbIN 06bekT—vacTuua. CTpykTypHasa 4Yactuua He MoxeT obnagaTtb
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OTAEeNbHO 3apsgoM, OTAENbHO MAcCoW, OTAENbHO MarHUTHbIM MOMEHTOM WIS
MOMEHTOM MMnynbca. Takaa apxuTtektypa, copMUpoBaHHAA U3 CTOAYEN BOSHbI
B MPOCTPaAHCTBE, CyLLEeCTBYET B NPOCTPAHCTBE U SBNAETCHA OTPaXEHMEM CBOWNCTB
NPOCTPAHCTBA K KOHCTPYMPOBaHMIO MOAOOHbBIX CTPYKTYP U UX NEPEMELLEHUIO.

5. MoxHo cOenamb 8bI800, YMO MpPUHUUNUabHbIU pe3ynbmam pabomsi
cocmoum 8 Qokazamesiscmee npodykmusHocmu udeu cyuwecmeogaHusi
KOHMUHyarsnbHOU 80/IHbI U (hOpMUpPOBaHUS CcaMOCmosimesibHo20 MammepHa,
HasbleaeMoz20 cmpyKmypHou 4Yacmuuyel. WX gBa. 3TO 3MEKTPOH U MPOTOH.
OTpuuatenbHO UM MOMOXUTENbHO 3apsPKEHHblE  3MNEKTPUYECTBOM  YacTuubl.
BO3MOXHO CTPYKTYpHble 4YacTuubl — OTPa)KeHWe CyLleCcTBOBaHWUS NpenenbHbIX
4YacTOT 3NEKTPOMArHUTHOW BOJSHbI. 3MO nymb npupoObl K sewecmsy, K eode U
xxueol mamepuu [21]. N BO3MOXHO npaB A.OMHLITENH yTBepxaad, vto:“IlycTtoe
NPOCTPAHCTBO, T.e. MpOCTpaHCTBO 6e3 nona He cyuwectByeT. [1poCTpaHCTBO-
BPEMSI CyLLLeCTBYEeT He caMo no cebe, HO TOMbKO Kak CTPYKTYPHOE CBOMCTBO nons”
[10,c.758 ].
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N.H. CUMOHOB, goktop pusnko-mateMaTnyecknx Hayk
KneBckui HauMoOHarbHbIN YHUBEPCUTET CTPOUTENBCTBA U apXUTEKTYPbI

®OPMUPOBAHUE XXNBOW MATEPUU B BOHbIX CPELAX: ®AKTOPbI
rPABUTALMU, TMHOAPOOUHAMUKA U KOHTUHYATIbHON
ANEKTPOOAUHAMUKH

IpasimaujitiHe nosie npoHUKae 8ctoOuU, BOHO He eKpaHyembCcs. Lle cmeoproe
0ns epasimauitiHoeo ennugy 0Oesiky nepesazy. PopmysaHHs Xueoi mamepii y
800HOMYy cepedosulyi Mo8'a3aHo i3 83aeMo3arneXHUMU 2i0poOUHaMiYHUMU,

efleKmpomMazHimHumM | epasimayiiHum  nonamu. [lpedcmaeneHi  pieHSHHS
KOHMUHyarnbHOI  epasimauii. lepapxis cmpykmypu ¢bi3U4HO20 rPOCMopy
osopigHesa. lNepwudi pieeHb eu3Havyaemsbcs KOHMUHyarbHUMU

efleKmpoMagHimHUMU roJIIMU, CMPYKMYPHUMU YacmuHKaMu mamepii, opyaul -
macor i epasimaujieto.

KrniouoBi cnoBa: KOHTUHyarnbHa enekTpoAauvHamika, rpasiTauis, iepapxis,
di3nYHUIM NpOCTip, CTPYKTYypa, BOAHI cepeoBuLLa, XnuBa maTepis.

[ pasumauuoHHoe rose rpoHUKaem GCIOOy, OHO HE 3KpaHupyemecsH. 3mo
co3daem Ons epasumalyuoHHOe0 g8o30elicmeusi HeKkomopoe ripeumMywecmso.
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