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OBIIUE ®U3NYECKHNE XAPAKTEPUCTHUKH ITOJIEM BO3BYKJIEHUS
INPOCTPAHCTBA CPEIbI BCEJIEHCKOI'O D®UPA

B.B. CugopeHkoB
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B pamkax koHuenuuu EOuHo20 nosisi curogo2o npocmpaHCmMeeHH020 83aumodel-
cmeusi MamepuaribHbIX meJsl rokasaHo, Ymo husudyeckuli 8akyym - amo pearsibHasi cpeda
MamepuasibHoeo Mupa, a e2o xapakmepucmuKu sI8/ISIFOMCS YUCMO 371eKMPOMacHUMHbIMU.
A nomomy pasHoz20 poda 8036yx0eHuUs1 makou cpedbl co30arom 8 Hel /Ullb MomoKu SHep-
a2uu ee anekmpuyeckol u MazHUMHoU rosigpuldayuu. B amot ces3u Heobxo0umo ripuxooum
K 8b1800Y, YMO rosie epasumayuoHHO20 83aumodelicmeuss MamepuasibHbIX mesl ecmb ro-
pPOXOeHUe 3eKmpomMazHemu3Ma Ceolcme 8CefleHCKo20 aghupa, a romomy CKOpPOCMb
«BOJIH 2pasumauuuy» pagHa CKoOpocmu ceema 8 «ycmomey.

Ha ceromHs 1OCTUTHYT ONpPEACNICHHBIM MPOTpecc B M3YYEHUU YHUKAJIBHOTO
(heHOMEHa CHJIOBOT'O MPOCTPAHCTBEHHOTO B3aMMOJCHCTBHS MaTepHAIbHBIX TEJ, aHa-
JUTUYECKHU OMUCHIBAEMOTO CTPYKTYPHO TOXIACCTBEHHBIMH 3aKoHaMM KysoHa B 3ek-
TpomarHeTusme u TaroteHuss Heiotona (Mwuuemna-KaBenaumia) [1]. ['maBHbIN pe-
3yJbTaT MPOBEICHHBIX UCCIIEIOBAHUM COCTOUT B TOM [2], UTO Ha OCHOBE aHaiIu3a Qu-
3UYECKUX XapaKTePUCTHK CHJI MPOCTPAHCTBEHHOTO B3aMMOJICHCTBUSI MaTepUAIbHBIX
TeJ B CTAllMOHAPHBIX YCJIOBHUSX YCTAHOBJIEHAa OOBEKTUBHOCTH CYIICCTBOBaHUS Eou-
HO20 NOJIsL CULOBO20 B3AUMOOCUCMBUSL DMUX Mell 8 NPOCMPAHCcmee Pu3uueckKoeo 6a-
Kyyma (BCEIEHCKOTo 3(hupa), 00yclosleHH020 noasapusayuelt 6aKyyMHoOU cpeobl npu

Hanuyuu 8 Heu Mamepuu. Ilpu 3TOM MONyYE€HBl aHATUTHYECKHE COOTHOIIEHHUS [2]
JUISl YKa3aHHOTO TIOJISI CHJIBI B3auMOJEHCTBUS F'(7), KOTOpbIE CTPYKTYPHO TOXIECT-
BEHHO, a TJIAaBHOE aJIEKBATHO OIMUCHIBAIOT PA3IUYHBIC TIO (PU3UYECKON TTPUPOJIE DIICK-
el rmag relmag
Tpuueckue F, MarHuTHbIe F"“® | MEpEeKpeCTHBIE IEKTPOMArHUTHbBIE F U rpa-

BUTAIMOHHBIE CHIIBI F'¢ . B 4acTHOCTH, DIIEKTpHUYECKas CHJIa:

Fe’(f):%f:A.h%f:— arad| 4-10 | = _ grad U(r). (1)
4reyr r r
3nece i=h/2m — momudunupoBanHas nmocrostHHas [lnanka, ¢, =1//g,u, — cko-
pocts  cBeta B BakyymMe, A —Hekumii  Ge3pasMEpHBII  MHOMKHTEINb:

A¢l = (qleqze)/qf;% , A4S = (qﬁqé”)/q?}lz u A% = (mlmz)/mlzgl, onpeeseMbli

IMPOU3BCACHUCM JIOKAJIBbHBIX (1)I/ISI/IIICCKI/IX mapaMCcTpOB ABYX HCIIOABHIKHBIX TOYCY-



HBIX TCJ (C—)JICKTpI/I‘{eCKI/IC qe, MAarauTHBIC qm U I'paBUTAITUOHHBIC 3apsabl, 71 — 3aps-

bl Macchl), HOPMHUPYEMOTO Ha KBaJpaT TOM }KE€ Pa3sMEPHOCTH KOHCTAHTOM:
e _ - m _ _ _
qp; = J4re hc, - «onextpuueckuii 3apan Ilnanka», g7 = \/4muyhc, «MarHuT

HBIA 3aps (MAarHuTHbIN nontoc) Tlnanka» u my, =,/4wy,hc, — «macca [lnanka», co-
CTaBJICHHOW W3 KOMOWHAIMM JIpyrux (hyHIaMeHTaIbHBIX (PU3UUECKUX KOHCTaHT. B

YaCTHOCTH, OCTOSIHHBIE g,=28.,85 10712 @ /u , U, =4r 107" I'nu/ m u
Yo =1/(47 G °’) — COOTBETCTBEHHO JJIEKTPHYECKAsS, MATHUTHAS M IPABUTALMOH-
Has, rae G °Y — nmocTosHHAas rPaBHTALMOHHOIO B3aMMOJECHCTBHS, B CHCTEME U3MeE-
penus enuHull CU dyncnenHo paBHas O, 67-10° 1 H - p?/x2? , 4 OTMCUCHHBIC BBIIIC KOH-
cranThl I1manka: qlil =1,875-1018 K, ql’“)’l =7,066-10"°B6 u mp, =2,176 108 ke

YT0oObI MOTYEPKHYTH (PUZMUECKYIO CYIIIHOCTH O€3pa3MepHOTO MHOXKHUTENST A B
COOTHOMIECHUAX (1) OH HMHTEPHpPETHPYETCS KaK «aMnaumyoa RnOasApU3IAyUU» Cpeobvl
Quszuueckozo éakyyma. IMEHHO aMIUIUTyJa A €IUHCTBEHHO ONpPEIENSIET TPAKTOBKY
(bu3nYecKOr MPUPOJBI CUIIOBOTO MPOCTPAHCTBEHHOTO B3aUMOJCHCTBHS MaTepHaIb-
HBIX TE€J M YMCJICHHOE 3HAYCHWE CUJIbl TAKOTO B3aMMOACWCTBHUS MJIsl TaHHOTO pac-

CTOSIHUSL 7 MEXIy TelaMH, TJe YHHUBEpcalbHas CHUJIOBas BEKTOpHAs (QYHKIUS
f V(F):(hco/ F3)7 HazBaHA «CWIOU NOIAPUZAYUU CPedbl (DUBUUECKO20 BAKYYMAY.
[Ipu sTom Beipakenune U(r)=—A-fic,/r B cootHomenusx (1) ectb nomenyuanvras

SHep2Usl 83aUMOO0eLiCMBUsL MAMEePUAIbHbIX mel, U, TIEPeXos K MPeICTaBICHUSIM O
(bU3UYECKON CYITHOCTH ATOW YHEPTUU, UMEEM IHEPeUlo NOJAPU3AYUU Cpeobl Gusue-
CKO20 8aKyyma.

[TonpoOHoe U3yueHre MOJHATON B HACTOSIIEH cTaThe (QyHIaMEHTaIbHOU Mpo-
0JieMbl Ha Hall B3TJIs]] HEOOXOIUMO U BIOJHE OMPABIAaHO, B YACTHOCTH, C TOUKH 3pe-
HUS paclIupeHust oOIMX CBeJeHUH 0 pu3nyeckoil mpupoae 6a30BbIX XapaKTEPUCTHK
MPOCTPAHCTBA Cpe/ibl (PU3NYECKOTO BaKyyMa, UTO OCOOEHHO aKTyaJlbHO MpHU Mepexo-
7€ OT CTaTUYECKUX TOJIEH K MOJSAM AUHAMHAYECKUM. Takue nccieJ0BaHus BECbMa aK-
TyaJIbHBI TaKXe U JUIs JaldbHEHIIero aHaIuTHIeckoro o00CHOBaHusl kKoHyenyuu Eou-
HO20 NOJs CUN08020 NPOCMPAHCMBEHH020 83aumoodelicmeus men Mamepuu [2] 1o-
CPEIICTBOM MOCTPOCHHUS CUCMEMbl YPAGHEHUL CUNO0B020 NOJISL NOJApU3ayUU puszude-
CKO20 6aKyyMd, YpaBHEHUS KOTOPOW JOJDKHBI CTaTh CYIIHOCTHOW MEPBOOCHOBOM
ONMMCAHUs XapaKTEPHUCTUK IOBEACHUS IOJIEH, HA3bIBAEMBIX, CIEAYS CYIIECTBYIOIINM
Ha CETOJAHSA TPAJULMOHHBIM NPEACTABICHUAM, I1EKMPUUECKUM, MASHUMHLIM WIHA
epasumayuoHHvimM nosiem. Tenepp ke HaJlo B SBHOM BHJE MOATBEPAUTH IpaBOMEp-

HOCTB YKaSaHHOﬁ KOHILCIIINHN Eounoco nons. FOBOpSI NpeaAMCTHO, aHAJIN3 IIPCACTAB-



JIEHHBIX B pabote [2] pe3ynbTaroB TpeOyeT CTPOrod aHAIUTUUYECKON apryMeHTaIuu
M0 BBISICHEHHIO W OOOCHOBaHHUIO (PU3MYECKOW CYyTH MEXaHHW3Ma IepeHoca B Mpo-
CTpaHCTBE (PU3UYECKOT0 BaKyyMa MOTOKOB AJIEKTPUUYECKOM, MAarHUTHOW W TpaBHUTa-
LIUOHHOM 3HEPruii nocpeacTsoM EQUHOTO MOJs NOoaapu3aiiu BAKYYMHOUM CPEAbI.

Hamm paccykaeHust HauHeM € TOTro, YTO PaccMOTPUM (HOPMYITY 1O 6eKmMopa
CUTIbL NOJAPUAYUU CPeObl PUBUYECKO20 8AKYYMA fV(F) = (hc, / ) 7 . TIocKombKY co-
orHomenne /¥ (F) CTPYKTYpHO MOI0GHO 3aKkoHy Ky/IoHa B 9I€KTPOCTATHKE, a [OTO-
MY U MPEJCTaBUM €r0 B AaHAJIOTUYHOM YKa3aHHOMY 3aKOHY BUJIE:
- r
2w \Jeg ot 3

Tyt mogudukarms mocrosiaaoi [ltanka fi=h/2w B cooTBeTcTBHE C 3aKoHOM Kyio-

V()= 2)

Ha OmnpecacACTCA MPOU3BCACHUCM JBYX BSaHMOHCﬁCTBYIOHIHX TOYUCYHBIX 3apANOO0B:

h ~ q;’- q;’, (bu3HYECKyI0 MPUPOJY KOTOPHIX HEOOXOAMMO BBIIBUTH U apryMEHTHUPO-

BaHO 00OCHOBAT.

BaxxHO OTMETHUTB, UTO 3a4acTyI0 aHAJIU3 pa3MEpPHOCTEH (HU3NUECKUX BEITUUYMH
MO3BOJISICT MOJYYNUTh BaXKHBIE CAMOCTOSITENIbHBIE PE3YJIbTaThl, & MHOTJA Aaxe Qop-
MaJIbHOE NMPUMEHEHHUE TAKOTO MOX0/Ia 1aeT BO3MOXKHOCTh ONPEIEIUTh HEU3BECTHBIC
(YHKIIMOHAIBHBIE 3aBUCUMOCTH MEXK]ly YKa3aHHBIMU BeJIMUMHAMU. B Hamiem ciydae
uccieayeM pa3MepHOCTh NoctosiHHOM [lmanka {h}, ompenensiemMoil, Kak HU3BECTHO
[1], Tak Ha3bIBaeMOU «@yHkyueti Oeticmseus» C €IUHUIIAMU HU3MEPEHHUS B CHCTEME

CU: {h} ={ o -c}. Torna c yueroM CpeJCTB aHATUTUKHA TPAJAUITMOHHOTO KJIacCHYe-
CKOr'0 JJICKTpOMarHetusma e€ MOXXHO mpeactaBuTb B Buae {4} ={(Kn1-B)-c}=
={(A4-c:B)-c}={(4-c)(B-c)}. A nockonbKy B cucreMe ¢pusznueckux egunul; CH snek-
Tpudeckuid 3apsn umepsiercst B Kynonax: {q°}={A-c}={Kn}, a MarHuTHBIA «3a-
psaa» (TouHee macnummublil noaoc) B Bebepax: {q™}={B-c}={B6}, TO eAMHULIbI U3-
MepeHust noctosiHHou [lnanka 3anmuimyrtes kak {4} ={Kn-B6}. B utore nocrosHHy0O

IInanka MOXHO aHAJIMTUYCCKU BBIPpA3UTh ITOCPCACTBOM IIPOU3BCACHUA IJICKTPHYC-

CKOTO W MAarHuTHOTO 3apsaoB: {A} ~ {¢°- ¢}, 4TO COrNIacHO JIOTMKE TPUBEIACHHBIX

BBIIIIE pacCyXAeHUI (u3ndecku BroiaHe pazymMHo. KoHeuHo, [ cooTHOIIeHUs (2)
JAHHOE YMO3aKIIIOUeHHE TPeOyeT KOHKPETHBIX YTOUHEHUN U (U3HUYECKH KOPPEKTHO
00OCHOBaHHOW apryMEHTallud, B TOM YHCIE U BBISIBICHHUS UYHUCICHHBIX 3HAUYCHUU

CAWHUIL UBMCPCHUS 3TUX 3aPAT0B.



B o101l cBsi3M BOCTIONB3yeMCsl pe3ysibTaTaMU padoT, T/I€ SKCIIEPUMEHTAIIBHO [3,
4], a mo3gHEe W AHAJIUTUYECKHU [S] YCTAaHOBJIEHO, YTO K8AHM MASHUMHO20 NOMOKA
(mo ecmv K6aHmM «MAZHUMHO20 3aps0a») ONMUCHIBACTCS B cUCTeMe (U3UYECKUX €Iu-
aun, CH cootHomenueM @) =g =m=h/2e. Torga npousseneHne MUHUMAJIbHbBIX
BEJINYMH (KBAHTOB) AJIEKTPUUECKOTO «e» M MarHUTHOTO « .M » 3apsAJIOB C TOYHOCTHIO
no MHoxutTens 1/2 mpexacrtaBusiercss (yHIameHTanbHOW KoHcTaHTOM Ilnanka:
e-m=(1/2)h. Orcroga HaxoauM (HU3MYECKYIO MPUPOAY CHIIBI U YHCICHHBIE 3HAUe-

HUS 3apsI0B B COOTHOIICHUH (2)

SV = h - e-m -
() = r= r, )
Y NN TT\JEo Mo 7

rae ql\’ =e=1,6-10"""Kz - kBaHT smekTpHueckoro 3apsma (3apsn IEKTPOHA),
q;' =m=2,07-10""B6 - KBaHT MarHMTHOTO MOTOKA, YTO COOTBETCTBYET (pU3MUe-

CKH COZIep)KaTeIbHON YacTu TeopeMbl [ aycca: macnumnomy «3apsady». B utore moine
BEKTOpa CHJIbI TOJSPU3ALNUN MMPOCTPAHCTBA CPeAbl (PU3NUSCKOTO BaKyyMa COTJIaCHO
dbopmyne (3) npencrarisieT co00i CHITy B3aMMOJCHCTBHS KBAHTOB DJICKTPUYECKOTO
«e» M MarHUTHOTO « M » 3apsjoB, KOTOpas aHAIMTHYECKH CTPYKTYPHO IOJOOHO
ONHUCHIBaeTCA (HOPMYIIOH ISl IEPEKPECTHON CHITBI 1eKMPOMACHUMHO20 83AUMOOeli-
q 4y

47 ./go/,tor3

CMBICJIOBOM OTHOIIEHWUH, OYEBUJIHO, YTO B COOTBETCTBUU ¢ hopmyioit (3) anekmpu-

cmeusi, BBEICHHOI B OCHOBOIIONIATAOMIei cTaThe [2]: F /M98 = ¥.B

YecKuUll «e» U MAZHUMHBIU <M » 3apso0bl U3ULecKo20 6aKyyMa HAXOIATCA B TOUKAX
PACIOIOKEHUS UCXOAHBIX 3apANOB ¢, M (,, BXOAAIIMX B COOTHOLICHHE JUIS «am-
nAuUmMyosbl  NOJAPUIAYUUY» — NPOCMPAHCMBA  cpedbl  Pu3uuecKkoeco  8aKyyma

A=(q,9,)/ q?]ﬂ , pEAIU3YIOIIEH BEIUYMHY CUJIbI B3aUMOJICHCTBHS COTJIACHO 3aKOHY

Kynona. W BTOpoe, cyas 1O aHAIUTUKE COOTHOLICHUS ./&,M, B (opmyne npo-
CMPAHCBEHH020 pacnpeoeienus Nojisi CUlbl NOJAPUIAYUU CPeobl Pu3uuecko2o 8a-
kyyma [V (F), cliedyer OQHO3HAYHO CUMTATD XAPAKMEPUCIUKY NPOCIPAHCIGA CPe-
Obl usUYecKoeo 8aKyyma 4ucmo 21eKmpomMacHUMHbIMU.

Hy a mb1 mponomxum ananu3 hopmyisl (3). [Tockonbky Hanpsocennocms noJis
- 9O €20 CUN0BASL XAPAKMEPUCMUKA, onpedesieMas Cuiol, oelicmgyioujell Ha eou-
HUYHBII MOYEYHDI 3apsa0, NOMEWEeHHbI 8 OAHHYI0 MOYKY NPOCMpPAHCmMeEd, TO WC-
noie3ys (3), CTAaHIAPTHO BBEAEM IOHITHE 8EeKMOpPA NeKMPUYECKOU HANPANCEHHO-

cmu noJjist NOIAPU3AYUU CPeobl PUUYECKO20 8AKYYMA:



A0 W AR R @)

3
e TT\JEGHy T
AHaJOTUYHO OIPENETUM GeKMOp NOAd MASHUMHOU HANPANCEHHOCMU NOJAPUAYUU

cpeovl (huzuiecko2o 8aKyyma:

ﬁv(f)szwv SR — (5)

- 3
T JEg My T
HecmoTpst Ha 3apsiioByI0 aCUMMETPHIO, €IMHUIIBI u3MepeHust B cucreme CU

BeKTOPOB anekmpuueckoii (4) {EVY={(B6-m)/(c-m*)} ={(B-c-m)/(c-M*)y={B/m} u

maznumuoti (5) {HY Y ={(Kn-m)/(c-m?)}={A/m} nanpsocennocmeii saryym-
HbIX NoJlell TOXKIECTBEHHBI CAMHUIIAM U3MEPEHUS MOJeH COOTBETCTBYIONIUX HAIIPSI-
o o o . el e
’KEHHOCTEH B TPaauIMOHHON DIIEKTPOMArHuTHONM Tteopum: E(F)=F¢/q° n
H(7)=F"% /g™ tne {B- Borom}={p°} - ckanapuulii a1eKmpuyeckuii nomeHyual,
COOTBETCTBEHHO, {4 - Amnep}={p™} - ckanapmwiii MacHUMHbBLI NOMEHYUAL.

BBuay toro, uro popmyna (3) CTpyKTYpHO TOKJIeCTBeHHA 3akoHy KyioHa mo-

TCHIHUAJIBHOT'O 3HeKTpOCTaTI/IquKOFO I10JIs1, TO U CTaATUYCCKUC I10JIA BaKYYMHBIX Ha-
v oV /= r 7V /=
HpH)KeHHOCTeI/I E (l") 51 H (l") IIOTCHIOUAJIBHBI, I'1C HI/IpKy.HHHI/H/I TAKHUX BCKTOpHBIX

(GyHKUMN 1O MPOU3BOJIBHOMY 3aMKHYTOMY KOHTYPY C OY€BHUIHO paBHbBI HYJIIO:

a) ¢ EV(F)dF =0, b) ¢ HY(F)dF=0. (6)
vC vC

Crnenys matematudeckoil Teopeme CTokca c]scc_i (F)dr = I g Tot a dS , nare-
C

rpajbHOE YCJIOBHE MOTEHIMAIBHOCTH (6) 3anumieTcs B AuddepeHuuanbHoi Gopme:
a) rot EY =0, b) rot HY =0. (7)
Tenepb Qu3znuecku JOTUYHO AaHAITUTHUYECKH PACCMOTPETh OTKIUK BaKyyMHOI
Cpellbl Ha HaJU4Me€ B MPOCTPAHCTBE CUJIOBBIX IOJIEM BEKTOPOB 3JIEKTPUUECKOU
E’V (—» v TV 9 9
r) W MarHuTHoW H *(r) HampsiKEeHHOCTEW BaKyyMa, KOTOPBIM OMHCHIBAETCS
gexmopnoimu noaamu saexmpuueckoti DY =g, EY u maznumnoti BY =y HY unoyx-

yuti (nonapuzayuu) guzuueckoco eaxkyyma. BUIHO, 4TO €IUHUIBI U3MEpPEHHUS, Ha-
. S DV :
npumep, B cucteme CHU anextpudeckoid D' W MarHuTHOW B’ HMHAYKIHUM BaKyyMa:

{DV}={(K1-B)/(B-Mm*)} ={Kn/m?} u {BY}={(B-A-c)/(4-m*)}={B6/m*} nonnoctsio



— —

TOXKJIECTBEHHBI IIOJIIM IIOTOKOBBIX BEKTOPOB OObIYHOW HMHAyKmuM: D=¢gE n
B=u,H.
B atoit cBs3u ¢ yuetoM cooTHomieHu# (4) u (5) duU3nYeckn UHTEPECHO HANTH

BeIUYUHY NOMOKO8 YKA3AHHbLIX BEKMOPO8 N0 UHOVKYUU BAKYYMHOU cpedbl uepes

NPOU3EONbHYIO 3AMKHYMYIO NOGEPXHOCMb Sy, CONEPKALLYIO 6HYMPU Cebs UCMOYHUK

noas (3aps0), KOTOpbIe ONpeeIuM MoCpeICTBOM MHTEerpupoBanus (4) u (5) mo aJe-
MeHTaM TelecHoro yrua dow = dS/r? Ha yKa3aHHOM NPOM3BOJILHON 3aMKHYTOM ITO-

BCPXHOCTH:

:qggogvdgz ﬁg}%(p’dg): ﬁcﬁﬂﬁz: ‘o 95 Miw =450y, (8)
Vs My ys T r Hogs T r

Ho o=an ™ Ho
:qguoﬁvdgz Cﬁ ( ds) = gS___ La'l Cﬁ Cdo =42 e. (9
Vs €0 wdr " %o

Takum 06pa30M, MMOJIy4acTCsda, 4TO aro0as Todka IMPpOCTpaHCTBa (1)1/131/111601(01“0

BaKyyMa C «3apso0om» ¢ B3aMMOJEHCTBYET CHUIOBBIM OOPa3oM C OKPYKEHHMEM II0

saxony [ (7)~1/r?, peanusyst mpu 3TOM IOJ€ MONSAPH3ALUN BAKYYMHOH CPEIBL.

I[aHHBIﬁ pesynLTaT CCThb HC YTO MHOC KaK TPpaAWMIIMOHHAsA CTATHYCCKaA TCOpCMa I'a-

yceca (j) D dS = g€, omuchIBaOIIAs CIEACTBHE MHIYLMPOBAHHOM JJIEKTPUUECKON

MOJISIPU3AlMK TIPOU3BOJIBHOM MaTepHaIbHOM cpebl. BaXkHO OTMETHTH, YTO MOTOKHU
MHJIyKIIMA B cOOTHOMmEHUsX (8) u (9) me pasubl Hymo: @) # 0 u @g # 0 TONbKO

TaM, IIe UCTOYHUK, CO3JAIOUINI MOJIIpU3aLuUIo (3aps]l e WU M ) HAaXOAUTCS B MPO-
CTPAHCTBE, OXBAYEHHOM 3aMKHYTOM MMOBEPXHOCTHIO MHTETPUPOBAHUs S,

B npyrux o61acTsax mpoCTPaHCTBa, II€ MOBEPXHOCTh MHTETPUPOBaHUA S HE
OXBATHIBAET 3aPAJbl ¢' TOTOKH 6€KMOpPOE MO UHOYKYUU 6AKYYMd, OTIACHIBAEMBIE
cootHourenusmu (8) u (9) pasusl Hymo: @y =0 u @5 =0, NOCKOIBKY IIPH OIS~
pHU3alUU cpella TPUHIUIHAIBHO SIBISETCS «3JEKTPO- JHUO0 MarHUTOHEHTPAIbHONY.
HanoMHuM, 4TO cucmema 3aps006 HeumpanvbHa, eciu NOJHBIU CYMMAPHBIU 3apsio
makou cucmemvl pagen Hyato (Takas CUCTEMA 3apsJI0B PEaau3yeTcss MYyJbTUIIOISIMU
BBIILIE NIEPBOrO MOPSAJKA, HAIPUMEp, IUIIONIEH), npuuem CaMoO noje 21eKmpoHell-
MPAnbHOU CUCMEMbl NPUHYUNUALILHO He PABHO HYIIO.

Wtak, BHE 3aBUCHMOCTH OT 00beMa BOOOpaxkaeMoil 3aMKHYTOW MOBEPXHOCTH

S, B IIPOCTPAHCTBE nOMoK nons undykyuu gusuveckozo eaxyyma (8) n (9) 4epes



TAKYI0 IMOBCPXHOCTDH OIPCACILACTCA 3apsAA0M BHYTPH ITOU IMOBECPXHOCTU COOTBCTCT-
BYIOHleﬁ (1)H3H‘I€CKOI71 PasMCPHOCTH, IIPHU 3TOM IIOJIHAA BCIMYNHA MHAYOUPOBAHHOTO

3apiaaa Ha ITOBCPXHOCTHU SO COOTBCTCTBYCT 3apsiaay HUCTOYHHUKA ITOJIA. B kauectBe

KOHKPCTHOI'O YTOYHCHHA HaﬁjleM CANHUIIBI USMCPCHUA TAKNX MHAYIOUPOBAHHBIX 3a-

PAZIOB HA IIOBEPXHOCTU S, B cHCTeMe pusudeckux exaununn CU:

(@Y} = {J(Ka-A-)/(B-w-B-¢)(B-c)} = {(JKi*/(B*-*)(B-c)}y = {Ka}

(@Y} = {J(B-c-B-m)/(A-m-Kn)(Kn)} = {/(B2 -¢*)/Kn? (Kn)} = {B-c} = {B6} ,

N COOTBCTCTBCHHO MX KOHKPCTHBIC YMCJICHHBIC 3HAUCHUA IIPU A=1:

Y =4 Z—0M=2,20-10_17K/Z, DY =4 %622,41.10—1635_
0 0

OOpaTtuM BHMMaHHE Ha TO, YTO MOTOKM MHAYKIMH B BaKyyMe€ HE paBHbI BEJIMYHUHE
3apsii0B  MCTOYHUKOB  IIOJSpU3alMM  BaKyyMa: D) #e= 1,6-107"° Kx u
@y #m=2,07-10""B6 .

B BHUAY TOI'O, YTO 3HAYCHUC IMOTOKA ITOJISI MHAYKIINHN (I)I/ISI/ILICCKOFO BaKyyMa HC

3aBHCHUT OT 00OBbEMa MMPOCTPAHCTBA IMMOBCPXHOCTU MHTCTPUPOBAHUA, TO COIJIACHO Ma-

TemMaTHueckoi Teopeme ['aycca-OcTporpaackoro QJSS&' dS = _[V divadV npu
N

V' — 0 3anumem nuddepenuuanbayo Gopmy cootHomeHui (8) u (9) B Toukax oT-

CYTCTBUA HCTOYHHUKOB I1O0JIA:

a) div (g, £V) =0, b) div (u, HY)=0. (10)

Toraa u3 ypasaenwuii (10a) u (10b) ¢ yueTroM COOTHOIIEHUSI BEKTOPHOTO aHa-
mu3a div rot d =0 monydaeM apyryro napy auddepeHInaabHbIX YpaBHCHHUH cma-

mu4ecKoco noJjii SﬂeKmpulleCKOlz U MACHUMHOU nospusayuu d)u&’ulleCKOZO 6aKyyma:

a) rot A =g, EV, b) rot A™ =y, H". (11)

31ech BEKTOpHbIE (DYHKIINH AV (F) u A™V (F) - 9TO COOTBETCTBEHHO 8eKMOpHble
INNEKMPUHECKUU U MACHUMHbBLI NOMEHYUAIbl CUIOBOTO TIOJIS TIOSIPU3AIUHN BaKyyMa ¢
SAMHUIIAMHU H3MEpeHus B cucteme eauaun; CU {4V} = {Ka/m} u {A™V} ={B6/m},
OIPEICIISIONINE IUHEUHYIO NIOMHOCHb COOMBEMCMBYIOUe20 8aKYYMHO20 «3apsoa.
U eme. ITockombky B ypasHennsax (11) sextops &, EY u u, H' peamusyrotcs mo-

CPCACTBOM BCKTOPHBIX HpOI/ISBeI[CHI/Iﬁ IMPOCTPAHCTBCHHOI'O OIICPATOPa IICPBOI'0 I10-



a -
psanka «Habnay V = 57 Ha BEXTOpHYIO dynkuumio: [V, 4V], To TeM cambIM omHO-
v

3HAuHO yCTaHaBIMBaeTcs, uto eexmopsi E' u A€V, coorserctBenno HY u A™Y
0pmo2oHanbHbl Medcoy coboil. Bo-BTopeiX, B ypaBHeHusx (11) rot 4¥ #0, a moromy
nonsa eexmopos AY (F) u A™V(¥) umerom uucmo suxpesoii xapaxmep, ¥ 10 3TOMH

MMPUYINHE MOKHO 3allUCaTh CIIC YPABHCHUA IJIA 9TUX nojeu MoCpeaACTBOM ITOTOKOBBIX

BCKTOPOB ‘Ltoxziev nu Eo;imv B BUJIC COOTHOIIIEHUI KYHOHOBCKOﬁ KaJII/I6pOBKI/Il
a) div (u,4¢V)=0,  b) div(g,4™V)=0. (12)

Taxkum oOpazom, MOXKHO 3amucaTh 08¢ He3agUcCUMble cucmemvl Ougpepenyu-
ANILHBIX CIMAMUYECKUX YPABHEHUI eOUHO20 CULOB8020 NOJIA NOJAPUAYUU PUUYECKO20

eaxKyyma NJI 9JIEKMPUHECKO20 NOJIA.

a) rot £V =0, b) div(,EV)=0,
(13)
c) rot A% =g, EV, d) div (u,4¢V)=0
n OJII MAcHUMHO20 NOJIA.
a) rot HY =0, b) div (u,HY)=0,
(14)
c) rot A™V = ,uOF[V, d) div (gOZmV) =0.

Kax Buaum, ypaBuenus (13a) u (14a) omnpenenstor yciioBUE NOTEHIMAIBHOCTH CTa-
TUYECKUX TO0JIeH BEKTOPOB HAIPSKEHHOCTH EY (F) n HY (¥), a ypaBuenus (13b) u
(14b), xak 1 AOMHKHO OBITH, €CTh AHAJIOT TEOpeMbI ['aycca il TOTOKOBBIX BEKTOPOB
cMelleHusl (MHIYKIUU) B BaKyyMe: SOEV u ,uOI:[ V. Jlanee u3 ypasuenuii (13b) u

(14b) nns cBOOOAHOTO MPOCTPAHCTBA, TO €CTh B TOUKAX OTCYTCTBUS UCTOYHUKOB IO-

JAApU3allid BaKyyma, mojiydaeM coriacHo divrotd =0 cremyroiiee ypaBHCHHE
(13c) u (14c), tne pynkmmu A€V (7) u A™V(¥) - yupryrayuonnwvie nons eexmop-
HO20 3JIEKMPULECKO20 U MACHUMHO20 NOMEHYUala 8 NPpoCmpancmee cpeowvl pusuie-
v HY .
cko020 eakyyma, a GyHKUMU §,EY u L, - NOMOKOBble NOJISL DEeKMPULECKOU U
MazHumuou unoykyuu (noaspusayuu) 6axkyyma COOTBETCTBEHHO. I TOCKOJIBKY B
ypaBHerusAX (13¢) n (14¢) rot AV #0, T0 nors eexmopnwvix nomenyuanog A (¥) u
A™Y (F) uucmo suxpesuie, a motomy nocnenane ypasaesns (13d) u (14d) B cucre-

Max 3almMIyTcs 1nmoCcpcacTBoM KYHOHOBCKOﬁ KaJII/I6pOBKI/I.



Jlanee BO3HUKAET elle OJAWH MPUHIMIUAIBHBIA BOMPOC: YTO MEPEHOCT 1OJis
noasapuzayuu Quzuieckozo eaxyyma? JlpyruMu ciioBaMH, HEOOXOAMMO IMPOSCHUTH
¢bu3nUecKkoe cofepikaHue MpeJCTaBICHHBIX 3/1eCh cucTeM AU(depeHIuaNbHbIX BEK-
TOPHBIX YPAaBHEHHH CTATUYECKOT'O CHJIOBOTO €IMHOIO MOJsl MOJSpHU3alUU BaKkyyMma.
Ha sToT Bonpoc crnocoOHbI OTBETUTH UMEHHO ypaBHeHus cucteM (13) u (14) nocpen-
cTBOM U] epeHIInaNIbHBIX COOTHOILIEHUN SHEPTeTUYECKOro OanaHca:

QﬂeKmpulleCKOIj IdHepcuu

A%rot EY —EVrot A¢Y =div[EY, A%V )=—¢,(EV, EV)=—(EY, DY), (15)
COOTBCTCTBCHHO, MCZZHHMHOIJ IdHepcuu

A™rot HY —HVrot A™ =div[H", A™ 1=—u,(HY, HY)=—(H", BY). (16)

Yucto CTpYKTYpHO ypaBHEHHs 3HepreTuueckoro oOananca (15) m (16) npen-
CTaBJISIOT COOOM aHAJIOr M3BECTHOM HHEPreTHYECKOW Teopembl YMoBa-lloiHTHHTA
[1], mpu 3TOM OHM ONPENEISAIOT B JAHHOW TOYKE MPOCTPAHCTBA CKAJSIPHBIC B KOHEY-
HOM UTOT¢ (PU3HUECKUE COOTHOIICHUS dHep2ull NOIAPU3AYUY PU3UYECKO20 8AKYYMA C
CIMHHULAME H3MEPEHHS B CHCTeMe equHuL;: {/{oic/v’} (claaraeMble CIpaBa), OBEC-
HUE KOTOPBIX OMPEACIISICT TPAHCIIOPT B OKPYKAIOIIEE MTPOCTPAHCTBO IHEP2EMUUECKO-

EV ;iev HY ;imv
20 nomoxa noas eekmopos [E", lu[HY, | (nuBepreHTHOE cllaraeMoe).
Kak 1 O/KHO OBITh, HOBBIE C TOYKH 3PCHHS OPTOJOKCAIBHBIX MPEICTaBICHUN nO-
y [EY ;iev 7 THY ;imv
mokKoevle eekmopa dnekmpudeckou [EY, | 1 machumnuou [H", | anepeuu
noaspuzayuu Gu3uLecko2o 6aKyyma MMEIT Pa3MEpPHOCTh IMMOBEPXHOCTHON ILUIOTHO-
CTH DHEPTHUH {ﬂofc//wz}, TO €CThb TOJOOHBI TOTOKOBOMY BeKTOpy IloitHTHHTA
IO — 2
{LE.H]}={(B-A)n"}.

COOTBETCTBEHHO, 3aIUIIIEM HE3aBUCUMBIC CUCHEMbl CINAMUYECKUX YPABHEHULL

e0UH020 CUL0B020 NOJISL NOJIAPUZAYUU PUULECKO20 BAKYYMA 8 UHMEZSPATIbHOU (hopme,

oOnazaaroniye O00IbIIeH HArISAHOCTHIO U IIUPOTON IPUMEHEHUS.

Torna IJIA 971EKMPUUECKO20 NOJIA:

a) SBEVdT:O, b) $&EVdS=0,

C S (17)
¢) $AVdl = [ &,EVdS, d) ¢ pyd®VdS=0.

C Sc S0

AHanorn4yHo u HIISL MACHUMHO2O NOJIA.



a) $H"dl =0, b) § uHVdS =0,

C So (18)
c) gﬁﬁmvdf: J. wHYdS, d) gﬁgoﬁmvdgzo.

C SC SO

3necy nepBbie ypaBHeHus (17a) u (18a) omMCHIBAIOT CBOMCTBO MOTEHIIMATBHOCTH

BEKTOPHBIX TOJIEH HAINpPSHKEHHOCTH EV u HY , TaK Kak paboTa Takoro moJis 1Mo
MIPOU3BOJILHON 3aMKHYTOW TPaeKTOPUU MO TMEPEMENICHUIO €IUHUYHOTO TOYECUHOTO
3apsiia Bceraa paBHa Hy0. Bropeie ypaBHenus (17b) u (18b) saBistoTCS aHATUTHUKOM
ANEKTPOCTATUYECKOU TeopeMbl ['aycca, Tie MOJHbIN MOTOK BEKTOPOB CMeleHus (MH-
TYKIUUA) SIEKTPUUECKOTO gOEV U MarHuTHOTO ,uol—? V' uepes moOyI0 3aMKHYTYIO

IMOBCPXHOCTH SO B YCIOBUAX ((BHCKTpOHeﬁTpaHBHOCTI/I)> (B 001aCcTIX OTCYTCTBUA UC-

TOYHHMKOB IOJIAPU3AIMHM BaKyyMa BHYTPU S ,) NPMHLIMIIMAIBHO paBeH Hymo. Ilpu

orom onst ,EY u gy H V' B 9THX 061aCTSIX MOTYT CYIIECTBOBATH, OJHAKO, CKOJIBKO
IIOTOKA I10JIsl CMEIIEHUS U3BHE BXOAMT Y€PE3 3aMKHYTYIO IIOBEPXHOCTL S, CTOJIBKO

e ero U BhIXoAuT Hapyxy. Cneayromue ypaBHeHus (17c) u (18c) ectb aHanuTuye-

CKOE€ CIIEJICTBUE MOJSPU3AIMU: [UPKYJISIUS BAaKYyMHOTO TOJS BEKTOPHOTO TOTEH-

mmana AV n A™Y mo 3amxayTOMY KOHTYpY C OmNpemensercs IMOTOKOM TIONs BeK-
EY 178l S

TOPOB MHIAYKIUHU & E" n L, 4epe3 MOBEPXHOCTh S, ONMPAIONIYIOCS Ha 3TOT

koHTyp. [locnennue ypaBHenus (17d) u (18d) wutrocTpupyer 4MCTO BUXPEBOM Xa-

PaKTEp noJjiei BCKTOP-ITIOTCHIIMAJIA, ITIOCKOJbKY BUXPHU ITOTOKOBBIX BEKTOPOB HC UMC-

0T IPOCKIMH Ha BHCIIHIOIO HOpMaAJIb K JIF000# TOYKE 3JIEMEHTA IIOBCPXHOCTH SO .

Takum oOpa3oM, MOCTPOCHHBIE HA OCHOBE KOHIICHIIMU EIMHOTO MOJIs CHIIOBO-
IO IPOCTPAHCTBEHHOTO B3aUMOJICHCTBUS MaTEPUATBHBIX TEJ CUCEMbI CIAMUYECKUX
VPABHeHUll eOUHO20 CUTI08020 NOJIsL noaapuzayuu uzuveckoeo saxyyma (14), (15) n
(17), (18) omHO3HAYHO OMMCHIBAIOT PEAbHO CYIIECTBYIOIINE «BO30YKICHUS» BaKY-
YMHOM CpeJIbl, TIEPEHOCAIINE B MPOCTPAHCTBE IMOCPEACTBOM IOTOKOBBIX BEKTOPOB
snekTpuueckyio [EY, A°Y] u marauthyio [HY, A™] sHepruio B mpoCTPaHCTBE CPEJibl
scenenckozo a¢ghupa (15) u (16).

B uTore Mpl mokazanu, 9TO XapakmepucmuKky npocCmpancmed cpeovl gusuie-
CKO20 8AKYYMA ABNAIOMCA YUCMO INEKMPUYECKUMU UTU MACHUMHbIMU, TAE Pa3HOTO

pona B036Y)KI[CHI/IH CO3A4aK0T BCKTOPHBIC CTATUYCCKHUC T10JIsI, COCTOAIIMNC U3 IBYX BCK-

TOPHBIX B3aMMOCBS3aHHBIX KOMIIOHEHT: 3JIEKTpHUecKoi HampsokeHHOcTH EV () 1
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BEKTOPHOTO IEKTpUuecKkoro motennmana A" (7); cOOTBETCTBEHHO, MATHUTHOH Ha-
npsoxerHoctr H Y (7) u BekTopHOrOo MarauTHOro motenimana AV (7). Ilpu sTom
B cTaTuke Tons anexmpuyeckue EV () m A€V (F), COOTBETCTBEHHO, MacHummubvle

HY(F) u A™V(F) amamutudecku u QU3MYECKH COBEPLICHHO He 3aBMCUMBL Ko-

HCYHO, B CJIy4aC IICPCMCHHBIX BO BPCMCHH OTHX noJjieu B MMPOCTPAHCTBC CPCIAbI (1)1/131/1-
YCCKOT'0 BaKyyMa OHH O6’BCI[I/IHHTCH, U TaKO€ OuHamuyeckoe noje CTaHET SJIEKMpOo-
MACHUMHbBIM.

B kauecTBe Hamboiee HpOCTOﬁ AprymecHTaluu B 000CHOBaHHH IIOCIICAHCT O

YTBEPIKICHHS PACCMOTPUM B ypaBHEHHSX (12) e IMHUIBI U3MEPEHUS TOTOKOBBIX BEK-
TopoB {u, A€V} = {(B6/m?)-c} u {g,A™V} = {(Ka/m?)-c}, xorna npu ua-
cTHOM auddepeHIIMPOBaHNN UX TT0 BpeMeHu O / 0t : { u 082 eV/ot) = {B6/m?*} u
{¢, AmY } = {Ka/m?} OHH NpeBpaIAIOTCS B HOTOKOBBIC BEKTOPHI 101€l UHOVK-

yuu gusuueckozo eaxyyma BY = u,HY u DV =g E" . Pe3ynbTar 1aHHOTO Paccyx-

ACHUS MMO3BOJIACT IIPCAJIOKUTD HAJIMIHUC q)YHKHHOHaHBHOﬁ CBA3U MCIKIY JIMHEHHBIMU

(I_II/IpKy.HSII_II/IOHHBIMI/I) eeKkmopamu HCll’lp}ZDf(,’eHHOC'melj noJsl noaApusayuu qbu3uttea<0-

eo saxyyma: EV (¥), HY(¥) n sexkmopuvimu nomenyuanramu Qusuuecko2o eaxyy-

ma: AV (¥), A™V () B BHIE AMHAMHYECKHX COOTHOIICHMUIA:

_ aA’@V
by HY = ——. 19
) s (19

oA™Y

a) EV =-— )
) ot

Kak Buaum, cootHomenus (19) ciemyer cuurtaTh (QpyHIaMEHTaIbHBIMU, IO-
CKOJIbKY OHHM CTPYKTYPHO TOKJI€CTBEHHBI 3HAKOBOMY B TPAJIULIMOHHON TEOPUHU DJIEK-
TPOMArHUTHOTO HOJISl COOTHOMIEHHIO E =—0A™ /0t . C MpakTUYecKoil TOUKH 3pEeHHUs
cooTHomieHus (19) moMoryr Ham HOCTPOUTH TENEPh cucmemy ypasHerutl Eounoco
CUTI08020 NOJIAL NOJIAPUZAYUU PUIUUECKO20 8AKYYMA NEPEMEHHO20 80 8PEMEHU.

B mnpopomkenue wucciieqoOBaHUN PacCMOTPUM TOCIEA0BATEIBHYIO LEMOYKY
aHAIMTUYECKUX PACCYXKICHUH, B KOTOPBIX CHauajga OepeTcsi pOTOpP OT COOTHOIIECHUM

(19), a 3aTeM cro/1a OJICTABISAETCS COOTBETCTBYIONIME BhIpaxkeHust (11) nis sexmop-

Hbix nomenyuanos éaxyyma A"

- - v
, b) rot HY :grot A% =g, ag; . (20)

oHY
O ot

~ ) -
tEY =——rot 4" =—
a) 1o atro U

CoOTBETCTBEHHO MOKHO 3aMucaTh aHaJIOruyHy1o (20) nenouky ¢popmy, riae B Bbl-

paxenus (11) moacraBastoTca TuHaMu4yeckue cootTHomeHus (19):

11



oimY ; S L

Wrak, npeacTaBuM, HaKOHEIl, cUcTeMY TU(pepeHInalIbHbIX YPaBHEHUM, CII0-

qev _ vV o _
a) tot A =g, E" =—¢,

CO6HYIO, 10 HameMy MHCHHIO, (1)I/IBI/IIICCKI/I AJICKBATHO U AHAJIUTHUYCCKU KOPPCKTHO

OIMCATh IJICKTPOMATHUTHBIC BOJIHBI B KITYCTOTCH !

YPaBHCHHA «IJIEKMpU4ECKO20» MACHUMHO20» noJIen
oV o OHV ~v _ . OEV
a) rot EY = Ho =57 e) rot H =&
Sev _ oAmV =mvV _ oAev
b) rot A°Y = T g) rot 4 =My 55 (22)
c) div(g,EV)=0, f) div (u,HY)=0.
d) div (u,4°V)=0, h)y div (5,4™V)=0.

Kak BuauM, mepeMeHHbIE BO BPEMEHH JJICKTPHUECKOE C KOMIIOHCHTaMH E',
A®Y M MarHMTHOE C KOMITOHEHTaMH H', A" mons, JeHCTBUTEILHO HAXOAATCS B He-
Pa3pbIBHOW CBSI3W, COCTABJISIS €IUHCTBO B BUJE JICKTPOMATHUTHOTO MOJIs, PAcIpo-
CTPAHSIONIETOCS MOCPEACTBOM 4X - KOMIIOHCHTHOW BOJIHBI, TIEPEHOCSIIEH JICKTPH-
YECKYI0 ¥ MarHUTHYIO PHEPTHHU B MPOCTPAHCTBE Cpeabl puznueckoro Bakyyma. Ko-
HEYHO 3/1eCh HEOOXOIUM MOJIPOOHBIN aHAIN3 PEIICHUN yKa3aHHBIX BOJIHOBBIX ypaB-
HEHUM, KOTOPBIN TIPH KEJTAaHUU MOKHO MPOBECTH.

Cy1iecTBeHHO, YTO MPENCTAaBICHHBIE B cucTeMe (22) pOTOpHBIE ypaBHEHUS
(22a), (22e), (22b) u (22g) B COBOKYNMHOCTU €CTh MEPBUYHBIC YPABHEHMS BOJH MOJIS
noysipu3anuy pu3nueckoro Bakyyma. B aToM MOxHO yOeauThes, B3siB, KaK OOBIYHO,
POTOP OT OJTHOTO M3 POTOPHBIX YpaBHEHUN CHUCTEMBI (22), U TIOCJE Yero MojCTaBUTh
B HETO COOTBETCTBYIOIIEE POTOPHOE ypaBHEHHE TOM ke cuctembl. Hampumep, B Ka-
YEeCTBE WUIIOCTPAIUU TMOJCTaBUM B (22a) ypaBHeHue (22¢) nub0, B 4YaCTHOCTH, B

(22g) ypaBnenue (22b). Toraa B uTore nojy4uM BOJHOBOE YpaBHEHHUE JUIsl TOJIEH

anexmpuyeckoii nanpaucennocmu EV (7) :

OHV 02EV _ 1 92EV

rotrot E¥ = graddiv EY — AE" = —pyrot Sy = —uog()?_ NoRrwa

MazHumHozo eekmoprozo nomenyuana A™Y (¥):

0Aev B 02 4ev 1 02 4ev

Tmv _ s AMV _ A MV _ - _ va __ v a0
rotrot A™" = graddiv 4 AA ﬂoth Hy€g o o 52

rae «oneparop Jlammaca» A = 02 / or? - b depeHnranbHbIA MPOCTPAHCTBEHHBIN
CKaJISIpHBINA onepaTop BTOPOro nopsiaka. CooTBETCTBEHHO BBIBOASTCS U OCTaJbHbIE

BOJHOBBIC YPABHCHUA JJII KOMIIOHCHT IIOJIS IMMOJIAPHU3aAlIUN (1)I/I3I/I‘{CCKOFO BaKyyMa:
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O2EV 1 02EV  02HV 1 02HV 024V 1 824eV  924mV 1 §24mV
ot 0 At Qe At ot et 9 Pl

[Mockonbky cootHommeHus (19a,b) ONMCHIBAIOT KOHKPETHYIO B3aMMOCBSI3b
EV=—0A" /ot u HY =—0A% [ot, To B 4X — KOMIIOHEHTHOI MIOCKO rapMOHHYE-
ckoif BonHe mons nomspmsamnu EY (7)), A€V (7)), HY(¥) u A™Y () umeror oTHO-

CUTEJIBHO JPYT JIpyra cABUT 1o (a3e Ha 7/2 U B3auMHO opToroHaibHsl (11a), (11b) .
BozHukaer ¢puznuecky NpUHIUIHAIBHBIN BOMPOC: YTO 3TO 32 BOJIHBI, U KaKoO-

BBl XapaKTEPUCTUKH PACTIPOCTPAHCHUS 3THX BOJH? JIpyrMMu clIoBaMH, HAJ0 MPOsC-
HUTh (PU3HYECKOE COJICPIKAHKE MTPEACTABICHHOW CUCTEMBI UG dEepeHITNaTbHBIX BEK-
TOPHBIX YPaBHEHUM CHJIOBOTO €MHOTO TOJIS TIOJISIpU3allUK BCeJIeHCKOro 3¢upa (22).
Ha »TOT Bonpoc ypaBHEHUS CUCTEMBI (22) TaK)Ke CIIOCOOHBI OTBETHTH MOCPE/-
cTBOM ] depeHITHATBHBIX COOTHOIICHUI dHEpPTreTHYecKoro Oananca. Torma U3 co-

OTHOIIICHUS MaTeMaTuueckoro ananuza div [a ,b | =b rot a —a rot b umeem s
INEKMPUYECKOLL dHepul

- - ~ - ~ - - DV ~ -
Aot BV — EVrot 4¢Y = div[E"Y, AeV]z—AeV%—(EV, DYy, (23)

COOTBCTCTBCHHO, MaZHumHOﬁ IdHepcuu

AmVrot HY — HVrot AMY =div[HY, A™V]= A"V %—(ﬁv, BY). (24)
B 3T0ﬁ CBiI3H, HpI/IXOI[I/IM K OquI/IIIHOMy BBIBOJIy, YTO TAaK HaA3bIBACMOC II0JIC

FpaBI/ITaI_II/IOHHOFO B3aHMOHeﬁCTBHH MaTepI/IaHLHLIX TCJII CCTb HOpO)KIIeHI/Ie 3JIeKTpO-

Mar"HeTu3Ma CBOMCTB BCEJICHCKOTO 3(1)I/Ipa, a IMOTOMY «CKOPOCTHb BOJIH T'paBHUTAILIUN»

paBHa CKOPOCTHU CBCTA B «IIYCTOTCH. Ilo MHEHUIO aBTOpa CTaTbu €C PC3YyJIbTAThHI HaA-

[VISITHO U METOJIMYECKH y/IauHO 00CcykaarTcs B kuure M. Mucrodenko [6].
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