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Cepus: PU3UKA 1 ACTPOHOMMA

XmeapHuk C. H.

K Bompocy o BHyTPHUAAEPHBIX CHAAX

AnxHOTAITUA
HOKaSbIBaCTCH, 910 HyKAOHbI B HAan IOAEMCHTOB CBA3aHBI
HE saepaBIME cAaMHi, 2 OOIMHM IIOTOKOM AEKTPOMATHUTHOIT
SHEPIUH, IIUPKYAUPYIOIIUM B OOBEME AAPA. DTO IPEATIOAOKEHHUE
ITIO3BOASACT O6'bHCHI/ITIJ HCKOTOPBIC CBOﬁCTBa BHyTpI/IHACprIX
B3aI/IMOACI‘/‘ICTBI/II‘/’I u HCKOTOprC H3BCECCTHBIC Ha6AI'OACHI/IH.

OraaBAenme
1. Beeaenue
2. DHeprus, IOTOK SHEPTUU U UMIIYABC SAEKTPOMATHHUTHOTO
ITOAA KyOa
3. Ob6beanHeHue U pacaA KyooB
4. XpaHUTEAb 9AEKTPOMATHUTHOI BOAHBI
5. BHyTpusAaepHBIC B3aNMOACHCTBIA
Awreparypa

1. BBeaenue

B [1] paccmarpusaercd  SKCIEpHUMEHT,  AGMOHCTPHPYFOIIIHI
COXPAaHCHME I[EAOCTHOCTH COOPHOH KOHCTPYKIUH IIPH OTCYTCTBHH
BUAUMBIX CKPCIASIFOINUX CHA. [lokaseiBaercs, YIO 9KCICPHUMEHT
OOBACHACTCA IMOABACHUEM IIOTOKA SAEKTPOMATHUTHON SHEPIHH BHYTPH
KOHCTPyKImH. AaAee paccMaTpuBaroTca Takue (OPMBI TeAd, IIPH
KOTOPBIX 9ACKTPOMATHUTHAS SHEPTHUH COXPAHACTCHA CKOAD YTOAHO AOATO.

HaubGoaee 1moApoOHO — ommceBaerca  KyO, COCTOAINMN 13
MArHUTOMATKOIO U AHIACKTPUYECKOTO MATEPHAAA C OIPEACACHHBIMU
aOCOAIOTHOI ~ MArHHUTHOH IIPOHHIAEMOCTBIO [ U  aOCOAIOTHOIT
AU9AEKTPUYIECKON  mIponmmaemoctero €. Ilycte B pesyaprare
HEKOTOPOIO BO3ACHCTBHA B KyOEe BO3HHKAA SAEKTPOMATHHTHAA BOAHA C

smeprueit Wy. B kybe mer TermaoBBIX TOTeph, a4 HW3AyIeHHA KyOa
OTCYTCTBYIOT. B wactHOCTH, AAA TOrOo, YroOBl KyD HE M3Ay4YaA C

IIOBEPXHOCTH X0V, HEOOXOAUMO, YTOOBI Ha BCEX TOYKAX OTOI
ITOBEPXHOCTH
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DTH YCAOBHSA ITO3BOAAIOT HAMTH pEIlcHNe ypaBHeHHN MakcBeAAa.
B [1] HOKasaHo, YTO 3TO PEIIICHUE UMEET BHUA!

E (x,y,z,t)=ecos(ax)sin(aysin(az)sin(at),
E,(x,y,z,t)=esin(ax)cos(ay pin(az)sin(at), @
Z(x, y,z,t)=e,sin(ax)sin(ay)cos(az)sin(at). )
H,(x,y,z,t)=hsin(ax)cos(ay)cos(oz)cos(at), )
H, (X, y,z,t)=hycos(ax)sin(By }cos(az)cos(at), ()
H,(x,y,z,t)=h,cos(ax)cos(ay sin(az)cos(at), )
sin(a-a)=0, )
LAC HAYAAO KOOPAHMHAT HAXOAUTCS B IIEHTPE KyOa U
a - AAMHA IIOAYpeOpa Kyoa,
€y, ey €7, hX , hy , hz - HOCTOAHHBIE AMIIAUTYABI (DYHKITUI,

@) - gacrora.
ITocaeanee ypasuenue asagerca caeactsueM (1). M3 (3-8) caeayer [1]:

L hy; —hy +egew/a=0

hx —h; +eyew/a =0

2

5 hy—hy+ee0/a=0

4 e;—ey—hyuw/a=0 (10)
5

6

ex —&; —hyuw/a=0

ey —ex —huw/a=0

V cucremsr ypasuennii (10) cymectByer HeckoAbko permenuii. OAHO U3
HUX HMEET BHUA!

h, =0, (11)
hy =-hy, (12)
e, =—2€y. (14)
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h

e, =— X% (15)
EW

h, =— 3ea . (16)
U@

M3z (15, 16) caeayer

3
w=a > a7
UE

W3 (9) caeayer:

a-a=krz, k=123,... (18)
N3 (17, 18) caeayer:
kz | 3
w=-—" | (19)
a \| ue

TaxkuM 00pasoM, CyIIECTBYET CHEKTP YaCTOT, HIPH KOTOPBIX
cobaroaarorcsi ycaosus (3-8). HasoBem a1t 9acTtoTBI COOCTBEHHBIMU
9aCTOTAMH Ky0a, ITOCKOABKY OHH 3aBHCAT TOABKO OT MaTepHasd H

pasmepa Kyoa.
IIpm  AaHHBIX w, hz =0, hx OCTAABHBIC AMITAHTYABL

OIIpeAEASFOTCA TocAeAoBaTeAbHO 13 (15,13,14).

2. DHeprua, NOTOK 3HEPIrUU U HMIIYABC
3AEKTPOMATrHUTHOI'O MOAA Ky0a
IToanaa sueprus W,, XpaHuMas B KyOe, MOKET OBIThb HalACHA

nurerpupoBanueM GyHkuii (3-8) mo oovemy KyOa.
ITockOABKY CpeAHSAsA ITO BpEMEHHU SHEPTHUA

B 2 2 2 2 2 2
W, _mx,ylz(Ex +E2+E2+H2+H2 +H? Jdxdydz,
TO
3(42 2 2 2 2 2
W, =ma (ex +ey+e; +h +hy +hz),
rae M — HekoTOpasd mocrodHHad, MAH, ¢ yaeroM (15,13,14),
W, = ma3(6e§ + 2hf)

u Aaaee, ¢ yaetoMm (15),
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2
W, =ma°h?| 6 - | +2
EW
u, ¢ yaetom( 17),
W, :2ma3hf 21| (20)
£

Orta  dopmyra OTHOCHTCA K KAKAOH YACTOTE M3 CHEKTPa

COOCTBEHHBIX YaCTOT C aMIIAHTYAOH hx (o).

IToTOK 3AEKTPOMATHHTHOM SHEPIMH ITUPKYAHPYET BAOABL TPAaHEH
KyOa IO ITAOCKOCTSAM, IIEPICHAUKYAAPHBIM ocr 0z. VIHTerpaa maotHOCTH

sToro  moTtoka S 10 obbemy  KybOa |78 PaBEH  HMIIYABCY

9AEKTPOMATHUTHOTIO ITOAA P s o6weme KyOa, IIOCKOABKY, KAK H3BECTHO, B
cucreme CU1
2

dv ¢

B cmaAy 3akoma coxpaHeHHSA HMIIYAbCA KyO COXpaHAET CBOO
LIEAOCTHOCTD (OO 1IpHu M3MeHeHUU (POPMBI KyOa M3MEHACTCA HMHTEIPAA

szciz[ﬁxﬁ].

ITAOTHOCTH ITIOTOKA SAeKTpOMaFHI/ITHOfI 3H6pFI/II/I).

3. O6beAnHEHNE U pacaA KyOOB
PaCCMOTpI/IM 4 OANHAKOBBIX KY62., B KAXKAOM U3 KOTOprX XpaHI/ITCH

SHCPFI/IH WO 1 HMITYABC PO' HPI/I COHpI/IKOCHOBeHI/II/I ITHUX KY6OB

MOJKeT 0OPa30BATHCA EAUHBIN KYyO C YABOCHHBIM ITOAYPEOPOM

a' =2a 1)

B coorBercrBunm ¢ (19) cexrp gacTtor 0OBEAMHEHHOTO KyOa M3MEHUTCA:
, kr |3 o

@0=— |—=—. (22)
a \ue 2

[1pu aTOM IOABATCA YACTOTHI, OTCYTCTBYIOIINE B IIEPBUYIHOM KyOe.
D10  O3HAYAET, YIO IIOTOK OSHEPIUH OYAET IIPOXOAUTH dYepes
COIIPHKACAOIIUECA IPAHH IIEPBUYHBIX KyOOB. DTOT AOIOAHUTEABHBIH
IIOTOK COXPaHAET IEAOCTHOCTh OOBEAHMHEHHOTO KyOa, HOO IIpu
PAa3bEAMHECHUN IIEPBUYHBIX KyOOB H3MEHACTCA HHTEIPAA ITAOTHOCTI
IIOTOKA SACKTPOMATHUTHON 3HEPIHU WU HAPYIIACTCHA 3aKOH COXPAHEHUA
HIMIIyABCA.

[TosiBA€HHE AOIOAHHTEABHBIX YACTOT O3HAYACT TAKAKE, dTO
CYMMAPHBIA HMITYABC OOBEAMHEHHOTO KyOa OOABIIIE CYMMBI HIMITYABCOB
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OOBEAMHEHHBIX KyOOB. DTO IPEBBIIICHUE PABHO HMIIYABCY CHA,
oObeAHHAIOMNX  KyObl.  Pabora 9THX CcHA  IpeBparmaercs B
SACKTPOMATHUTHYIO SHEPIUIO OOBEAMHEHHOIO KyDa, KOTOpas TAKHM
00pa3soM CTAHOBUTCA OOABIIIE CYMMAPHOH 9HEPINH IIEPBUYHBIX KyOOB.

Bosmoken u oOparTHBI IIpoIlecC — paciiaA Kyba Ha derbpe ¢
coxpaHeHHeM o0Ieil sHeprun. PacmaA MoxeT ObITh BBI3BAH, HAIIPHMED,
TEM, YTO KyO IIOIaA B OOAACTb APYIOH 3SAEKTPOMATHHTHOI BOAHBIL,
KOTOpas HApYIIHAA PaBHOBecHe BHyTpu KyOa. Ilpm oTom cymmapHBIi
HMIIYABC ~PA3bCAMHCHHBIX KyOOB CTAHOBUTCS MEHBIIE HMIIYABCA
obbeAanHeHHOrO KyOa. "V3amrmmek" BBIAGASiCTCS B BHAE IIOTOKA
SACKTPOMATHUTHOH SHEpruu. Bmecre ¢ 3THM, €CTECTBEHHO, BBIACAACTCH
U SHEPIus, T.€. IIPH PACIIAAC KyO0a BOSHUKACT U3AYICHUC S

4. XpaHI/ITeAI) BACKTPOMaFHHTHOﬁ BOAHBI
Wrak, B Teae OIPEACAEHHOI (poprl MOKET CYIIECTBOBATD

IACKTPOMATHUTHAA BOAHA co CIICKTPOM COOCTBEHHBIX 9aCTOT

(ompeaeAsieMBIM TOABKO (DOPMOM M MATEPHAAOM Te€AQ). DTa BOAHA HE
BBIXOAHUT 32 OOBEM TE€AA H HE 32TyXACT AAKE B IAEKTPOIPOBOAHOM TEAE,

COXpaHHH OAHAXKABL ITOAYYICHHYIO 3H€pFI/HO WO 1  HMIIYABC PO .

CoxpareHHO Oyaem HA3bIBATH TaKOE TEAO XpaHHUTEAEM
9AEKTPOMATHUTHOM BOAHBI — XD B.

Heckoapko wmaenTHUHBIX XOB  MOryr OOBEAHHATBCA —TaKUM
00pasoM, YTO B OOBEAMHEHHOM TEAE CO3AACTCHA IACKTPOMATHUTHASL
BOAHA C PACIIHPEHHBIM CIIEKTPOM COOCTBEHHBIX YacTOT H C
CYMMapHBIMU SHEPIUEl M HUMIIYABCOM, IIPEBBIIIAIOIIIM CYMMBI 9HEPIHH
U HMIYABCOB OOBbeAmHEHHBIX XOB. bByaem HaspBath Takoii mporecc
cuHTe3oM XIB.

XOB moxer pacractbess Ha HeckoAbko XOB ¢ cokpareHHBIM
CHEKTPOM COOCTBEHHBIX YACTOT M € CYMMapHBIMH OJHEpPrueil u
HIMITYABCOM, MEHBIIIIMU CYMMbI S9HEPIUH H UMIIYABCOB OOPa30BABIIINXCSA
XOB. Ilpn atom BozHHKAET M3AyUeHHE. ByAeMm Ha3bBATH TAKOM IIpoIIecc
pacrrapom XOB. Maprmmanms Takoro paciasa MOKET OBITh BBI3BAHA TEM,
gyro XOB momasaer BO BHeEIIHEE 9ACKTPOMATHHUTHOE IIOAE. DHEPIUA
3TOr0 IOAfl MOKET OBITh HAMHOIO MEHBIIE SHEPIUU BHYTPEHHETO
3AEKTPOMATHUTHOTO oA XOB.

B [1] pacemorpensr XOB B dhopme mapasseaernmireaa u (HanOoAee
IHOAPOOHO) KyOa. Beposrtno, moxkuo Haiitm u Apyrue dopmer. Aas
BO3MOKHOCTH CHHTE3a Ha TakHe (POPMBI AOAKHBI OBIT HAAOKEHBI
AOIIOAHUTEABHBIE OIpaHHYeHUA. BeposATHO, BO3MOKHEL U TakHe (DOPMBI,
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KOTOPBIE IIPU CHHTE3E CONPHKACAIOTCA HE IOAHOCTBIO, C HEKOTOPBIMHU
3230paMU.

CymectBoBanune XHB IIOATBEPIKAACTCS 9KCIIEPUMEHTAMH,
onmcaHubMA B [1]. B MHTepHETE MOKHO HANTH MHOMKECTBO COOOIIIEHNHA
O MHPHUAUIIAHUN METAAAMYECKHX IIPEAMETOB K TEAy YEAOBEKA. ITO
ABACHHE TAKKE MOKET OBITh OOBACHEHO IOABACHUEM dACKTPOMATHUTHOIT
BOAHBl B OIPAHHYCHHOM OOBEME 'TEAO HYEAOBEKA — METAAAMYCCKUIN
mpeamert”.

5. BHyTpHAAEpHBIE B3aIMOAEUCTBUA

OTHOCHTEABHO SAEPHBIX CHA U3BECTHO, B YACTHOCTH [2], 9TO

A.  SlaepHBIE CHABI ABAAFOTCA KOPOTKO ACHCTBYIOIMUME (MX PAAHYC
AeitctBis mveet mopsiaok 107 em.)

B.  CuaAbr B3anMOAEICTBHA HYKAOHOB HE 3aBHCAT OT 3apfAAa
HYKAOHOB.

C. JSlaepHBlE CHABI He ABAAFOTCA IEHTPAABHBIMHA (X HEAB3S
IPEACTABUTL HAIIPABAECHHBIMH BAOAB HIPAMOM, COEAMHAFOIIICH
LIEHTPHI B3AUMOAECHCTBYFOIITUX HYKAOHOB).

D. flaepubie cuAbl 00AaAAFOT  CBOMCTBOM — HACBHIIIEHHSA  (3TO
O3HAYAET, YTO KAKABIH HYKAOH B AAPE B3aUMOACHCTBYET C
OI‘paHI/I‘ICHHbIM YN CAOM HYKAOHOB).

E. Cymecrsytor T.H. Marmdeckne ugmcaa (2, 8, 20, 50, 82, 120)
HYKAOHOB B fAPE, IIPU KOTOPBIX AAPA HAUOOAEE YCTOMYIHBBHI K
AAEPHOMY PACIIaAy.

Bce a1 daxrer He umeroT oObAcHeHUsA, uTO B [3] dopmyAnpyercs
CAcAyrOIIIM OOpazom: "B HacrosIimee BpeMs €IIe HE CYLIECTBYET
3aKOHYEHHOW TEOPHUM TaK HA3bIBAEGMBIX fAACPHBIX CHA — CHA,
ACHCTBYIOIIINX ~ MEMKAY  AACPHBIMH  YaCTHUIAMU  (HYKAOHAMH) U
VAEP/KHBAFOIINX X BMECTE B COCTABE ATOMHOTO siapa.

ITo aHAaAOrHH C BBIIIEU3AOKEHHBIM MOKHO IIPEAIIOAOKHUTD, UTO
HYKAOHBI B AAPax dAeMeHTOB cBa3anbl HE saepHBIMH cmaamu, a
O0IIMMM IIOTOKOM 3AEKTPOMArHUTHOM 3Heprum. [Ipm stom Hapo
IIPEATIOAOKHTD, YTO B HYKAOHE CYITIECTBYET 3ACKTPOMATHHTHAA BOAHA C
HEKOTOPOH COOCTBEHHOH 4YaCTOTOH W JHEPIHEH, T.€. CAMHUYIHBIN
HYKAOH — 310 XOB, 2 aapo — aro XOB, nmoaydennsii cuaresom XOB-
HYKAOHOB.

[Ipu TakOM IIPEAIIOAOKEHHHN MOKHO OOBACHHTB HEKOTOPHIE
OCOOEHHOCTH BHYTPHAAECPHBEIX B3aUMOAEHCTBUI M HEKOTOPHIE APYTHE
SABACHHS.
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1. Hykaomsr aoaxssr  "compuracareca', 9roOb uX 0OIas
SAEKTPOMATHHUTHAS BOAHA OBIAA COCPEAOTOYEHA B OOIEM OOBbEME — CM.
BBIIIIC TI. A.

2. 3apsAA HYKAOHOB HE MMEET 3HAYEHUA — CM. BbIIIIe II. B.

3. SIaepHBIE CHABI HE ABAAFOTCA IIEHTPAaAbHBIMU (cM. Bbie 11. C).
BooOrmie, B3ammoAericTBHE HE OOBACHACTCH CHAAMH, ACHCTBYIOIIIMU
MEKAY HYKAOHAMI.

4. OObeM HYKAOHOB AOAKEH HMETH OIIPEACACHHYIO (POPMY AASA
Toro, 4rober "compukacatbes' ¢ ApyrEMH HyKAOHamu. KoAmdectso
HYKAOHOB, COIIPHKACAEMBIX C AAHHBIM, OIPAHHYEHO - CM. BbIe I D.
KoAngecTBO HYKAOHOB, COIIPHKACAEMBIX C AAHHBIM, OIIPEACAACTCA HX
dopMOIT M HE MOKET OBITb IIPOM3BOABHBIM AQKE B OIPEACACHHBIX
IpeAeAax - cM. Borre . .

5. Saepubiii cunrtes (popmupoBaHHEe OOACE TAKEABIX SACP H3
boaee Aerkux faep) sBaferca cuaTesoM XOB. Tako# cumbres moxer
IIPOUCXOAUTh ©O€3 CYIIECTBEHHBIX 32TPAaT OSHEPIHUH, T.€. ABAACTCA
XOAOAHBIM fIACPHBIM CHHTE30M. DTO, IIO-BUAHMOMY, IIPOHMCXOAHUT B
KUBBIX OopranusMax [4]. Vimenno stum, HaupuMep, OOBACHAIOT TO, UTO
OpPraHUM3M  KYpPHIIBl  IIOCTOSHHO  IIPOM3BOAHMT  KaABIMI  (AAS
dopMUpPOBAHNA CKOPAYIBI fHII), HE IIOAy4Yas €ro B HOTPeOAAEMOI
IIUINE, 2 IPOAYLHPYA €ro IPAKTHYECKH H3 AIOOOTO HaOOpa BEIIECTB
ITOCTYHAFOIIUX C KOPMOM.

6. MOXHO IIPEAITIOAOKUTH M CYIIECTBOBAHUE SACPHOIO PACIIaAd
(dpopmupoBanme 0Ooaee ACrKHX fACP U3 OOA€E TMKEABIX fAAEP).
ViomsanyTsIe B IIPEABIAYIIEM II. 5 (DAKTEI MOTIYT HHTEPIPETHPOBATHCA 1
KaK fAEPHBIN paclla\ — BCE 3aBHCHT OT HCXOAHBIX H KOHEYHBIX
ITPOAYKTOB.

7. SaepHBIl pacmas, Kak BBICBOOOKAEHHE SAEKTPOMATHHTHON
sHeprun AAep-XOB, Moxer mpoHCcXOAHTH O€3 CYIIECTBEHHBIX 3aTPaT
BHEIIIHEH 9HEPIuy — CM. BhIIe. VIMEHHO 3THM MOMKHO OOBACHHUTD T.H.
mUpokuHe3 [5], HpH KOTOPOM HYEAOBEK 0€3 BHAUMOW IIPUYUHBL
BCIIBIXUBAET M MOMEHTAABHO CTOPAET, XOTA BCE OKPY/KAFOIIUE IIPEAMETEI
1 OAEKAQ OCTAFOTCA HEBPEAUMBIMHU.

Bepnemca cHOBa K BOIIPOCY O CYITIECTBOBAHNH AEKTPOMATHUTHBIX
BOAH BHYTPH HYKAOHOB U fiAep. VI3BecTHO, 9TO MCTOYHHKAMH ramMMa-
usAydenus (mMerorero wactory > 310" I'm) Moryr 6bTh aToMHBIE SAPA
U YACTHIIBL, 2 TAK/KE AAECPHBIE PEAKIINN M PEAKIIHMH MEKAY Jacturamu. ki
HA00OPOT, TAMMA-U3AYIEHUE MOKET ITOTAOIIATHCA ATOMHBIMU AAPAMU U
CIIOCOOHO BBI3BIBATH IpeBpamienns dvactuil [6]. CaeAaoBaTeABHO, H
BHYTPH AAPA TOXKE AOAKHBEI CYIIECTBOBATH JAEKTPOMATHHTHEIC BOAHBI
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TOH K€ YaCTOTHL [lOoKa IOTOK SHEPrHM 9THX BOAH 3aMKHYT B OOBEME
XOB-Apa — OHO yCTOHYHBO M BOAHBI HE HAOAIOAAIOTCA. XOB-fiapo
xpanut sHepruro. [Ipu pacmmase XOB-fiapa sra sHeprus BbiaeAdeTCH B
BUAEC  TaMMa-m3AydeHHA. [Ipm  moraomieHHmm — raMma-mM3AyYeHUA
BHYTPECHHAA SHEPTHA BO3PACTACT U IIEPEPACIPEACAAeTCS B 00beMe XDB-
AApa. DTO MOKET BBI3BIBATH PACIIAA AAPA Ha OOAEE MEAKHE AADPA.

Kax caeayer m3 Bormenssoxenaoro, XOB-aykaonsr sHyTpr XOB-
AApa  OOMEHHBAFOTC ~ IIOTOKOM  OJAEKTPOMATHHTHOH  OHEPIHH  —
9ACKTPOMATHUTHBIMU BOAHaMH. [Ipm OGOABINONR YacTOTE BOAH OHHU
IIPHOOPETAIOT KOPIIYCKYAAPHBIN Xapakrep. Takum o6Opasom, XOB-
HYKAOHBI BHyTpH XOB-fiapa 0OMEHHBAIOTCA YACTHIIAMU. DTO BIIOAHE
COOTBETCTBYET CYIIECCTBYIOIIEH TCOPHH OOMEHHOTO B3aMMOAECHCTBHSA, IO
KOTOPOH B3aUMOAEHCTBHE MEXAY HYKAOHAMU BHYIPH AAPA BO3HHKAET B
Pe3yAbTaTe UCIYCKAHUA U ITOIAOIIECHHA T-ME30HOB.
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