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YpaBHEHUSA TPEXKOHTUHYYMHOMN
MEXaHUKH IPOBOHUKOB

Hznoaceno nocmpoenue ypasuenuii mpexKoHmunyymMuol MEXAHUKU NPOUECCO8, NPOUCXO0SUUX 6 NPosodHuKax. B
OCHOBY NOJONCEHA CXEMA MEMATLIUUECKO20 NPOBOOHUKA 8 BUDE COBOKYNHOCTNU 63AUMOOCTICMBYIOULUX HEUMPALLHDIX
amomos, Kaxcovlil U3 KOMoOPvLx COCMOUM U3 NOLONCUMENBHO 3APANCCHHOZ0 AOPA, CBAZAHHOU C HUM YACMU INEKMPO-
HOB U C6OOOOHOU YACMU HNEKMPOHOB, UMEIOUUX OMPUUAmMeviblil 3aps0. Maxpockonuueckas mooens nposooHUKa
nPeOCcmasnsiemcs: 6 ude mpex B3AUMONPOHUKAIOUUX B3AUMOOCUCBYIOUUX KOHMUNYYMOE—TNOL0NCUMETBHO 3a-
PSAICEHHOU COBOKYNHOCIU S0P, OMPUUATMENVHO 3APAICEHHOU COBOKYNHOCU CEAZANHVIX C AOPAMU SNEKMPOHOB U
OMPUUAMETHHO 3APSANCEHHOU COBOKYNHOCTNU CE0000HBIX INEKMPOHOE (ANEKMPOHH020 2a3a). Beodsmcs naommuocmu
HOCUMenel coomeemcmeyuUxX 3aps0os, a makice COOMEEMCMEYOULLe NAPYUATLHBLE NEPEMEUEHUS. U NAPYUATD-
nole nanpsicenust. CHhopmyauposanvl ypasnenus 6aianca niomHoCmell Hocumeiei coomaeemcmeyouux 3apsoos,
YPABHEHUSL COXPAHCHUS. UMNYTLCA U YPABHEHUS COCMOSHUS, CEA3bIBAIOUUE OUHAMUYECKUE U KUHEMATNUUECKUE NA-
pamempboi.

Kantoueevie cnosa: mpexkoHmuHyymMHas MeXanuxa, 63auMONPOHUKAIOUIUE KOHMUHYYMbL, 63AUMOOCTiCMBYOuUe
KOHMUHYYMbL, C8A3AHHBLE 3aPsi0bl, CBOOOOHDIE 3aPATbL, ANEKMPOHHDLL 243.

B coBpemeHHOI (hr3nvecKoil HayKe, UMEIOTIell MHOTOUNCIeHHbIE TIPUMEHEHWS B TEXHUKE U ObI-
TY, TEOPETUYECKON OCHOBON yUeHUsT 06 2JIEKTPUYECKUX M MATHUTHBIX SIBJICHUSIX SIBJISIIOTCS YPaB-
Henusg Maxkcsesia. OHako cymiectByeT MHeHue [ 1], uTo ypaBHenusi MakcBesiia sBHO yrajlaHbl,
a He CTPOTO BBIBE/ICHBI U3 IKCIIEPUMEHTATBHBIX JaHHBIX. OCHOBAHMEM JIJII ATOTO CTAJIO TO, YTO
MepBbIN BApUAHT yPaBHEHU, MOCTPOEHHBIX HA OCHOBe 3aKOHOB Kysona, Ammepa, buo-Casapa,
Dapayies, He OMHCHIBAJ 3JEKTPOMArHUTHbIE BOJTHBL [loaToMy B ciefyiomeM BapuaHTe ypaBHe-
HUiT MaKCBeI HCKYCCTBEHHO JIOMOJHUI TOK MTPOBOANMOCTH TOKOM CMEIIEeHUsI, 0O03HAYUB €T0
IIPOMCXOJKJIEHNE TOJISIPU3alell MOJIEKYJl TI0Jl BO3/EHCTBUEM 3JeKTprdyeckoro mosist. OHako
CTPOTOro 060CHOBAHUS €70 CYIECTBOBAHUS U (DU3UIECKOTO CMBICJIA He ObLIO aH0. XOTsI 3TO
ITO3BOJINJIO OTHMCATDh 3JIeKTPOMArHUTHBIE BOJIHBI, OJIHAKO BBI3BAJIO OTPHUIlATENbHOE OTHOIIEHUE
HEKOTOPBIX (DUBUKOB K yPaBHEHUSIM U TOKY cMerieHus. [TogBUINCH TIOTBITKE 0O00CHOBATH TOK
CMelleHsT HeoOXOAMMOCThIO cMMeTpuu [2] ypaBHenuwit MakcBesia wim mosicierueMm [3], uto
TOK CMEIeHNs He SIBJSIETCSI TOKOM B OOBIYHOM CMBICJIE CJIOBA, T.€. TIepeMeleHeM 3apsiioB.
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OOUIENPUHSTHIM CTAJIO OIPEIEIeHNe TOKA CMEIIEeHsT KaK IIPOU3BOIHOI 110 BPEMEHU BEKTOpa
aJieKTpuuecKon nHAYKIUN [4]. OHAKO HET OCHOBAHUN CUUTATh KOPPEKTHBIM 3TO OIlpejieie-
HUe, TaK KaK BEKTOP 3JEKTPUYECKON WHYKITUN COCTABJISIET TY YACTh 3JIEKTPUYECKOTO TOJIs [ 3],
KOTOpasi CO3/1aeTcsl CBOOOAHBIMU 3apsilaMi HE3aBUCUMO OT HA/IMYKs B HEM JMIJEKTPUKOB MU
MIPOBOJTHUKOB. B TO jkKe BpeMsi M3BECTHO, YTO JIEKTPOMArHUTHBIE TIOJISI B IUDJIEKTPUKAX MOTYT
BO3HUKATh He TOJIBKO MO BO3/EHCTBUEM 9JIEKTPUUYECKOTO TI0JIsI CBOOOIHBIX 3aPsiIOB, HO TaKKe
[PU MEXAaHUYECKUX U TEPMUYECKUX BO3ACHCTBUSAX B OTCYTCTBUE CBOOOIHBIX 3aPS/IOB, KOT/Ia BEK-
TOP 2JIEKTPUUECKON MHAYKITUU PaBeH HYJIIO.

O6ocHOBaTh CyIlecTBOBaHKE U (DU3UYECKUI CMBIC/I CJIATAEMOTO, HCKYCCTBEHHO BBEIEHHOTO
MaxcBesioM 1oji HazBaHUeM “TOK CMelleHus1”, TT03BOJISIeT HOBBIN ITPUHIIAT TIOCTPOEHUS TEOPUU
9JIEKTPOYIIPYTOCTH [5], B OCHOBY KOTOPOTO MOJIOKEHbI yPaBHEHMS JIByXKOHTUHYYMHOI MeXaHu-
KU JIU3JIEKTPUKOB U TThe303JIEKTPUKOB KaK CMeCH TOJIOKUTENbHBIX U OTPUIATETHHBIX 3aPS/IOB,
MOTIAPHO CBSI3aHHBIX B HEUTPaJIbHbIE MOJIEKYJIbI WU siueiiku. [locTpoennble ypaBHEHUS dJI€K-
TPOYIPYTOCTH, B OTJIMYKE OT aKyCTHIECKOTO MPUOJIVEKEH S 6], yIUTHIBAIOT TUHAMUKY 3JIEKTPO-
MarHUTHBIX MTPOTIECCOB. B YacTHOM cirydae U3 HUX CIAeyIOT ypaBHeHUS MakcBesia 1 Tuajiek-
TpuKOB. [Ipu aTOM caraemoe, MeHyeMoe “TOKOM CMeTleHns”, IBJISeTCS Pe3yJabTaTOM WHTErPU-
pPOBaHUsI MHEPIIMOHHOW COCTABJIAIONIEN YPaBHEHUS /IJISI BEKTOPA TOJISIPU3AIMHI U TIOPOXKIAEMOTO
UM 9JIEKTPUYECKOTO TTOJIS.

[TpepcraBieHus ABYXKOHTUHYYMHON MEXaHUKHU IPUMEHSITH B paboTe [ 7] 115t OTicaHust CBsI-
3aHHBIX TIPOTIECCOB JIBVKEHUS 3JTEKTPOHHOTO Tra3da M /ehOPMUPOBAHNS KPUCTAIITUIECKON pe-
nretku npooHuKa. OIHAKO Takast JIByXKOHTUHYYMHasi MOJIE/Tb HE JIa€T BO3MOXKHOCTH OINCATh
MOJISIPU3AIIMIO TTPOBOHUKA, KOTOPAs TIOPOJK/AET AJIEKTPUIECKOE TI0JIE CBSI3aHHBIX 3aPSI/IOB.

B Hacrostieit pabote m3maraeTcst MOCTPOEHNE YPAaBHEHNH, OMICHIBAIOIINX MEXaHUKY TTPOUCXO-
JSATUX B TPOBOTHUKE MTPOIIECCOB HA OCHOBE TPEXKOHTUHYYMHON MEXaHUKHU 3JIEKTPOITPOBOIHOTO
testa. VlcxoiHoii siBJIsieTcsl cxeMa MeTaJlJTMueCKOro IIPOBOIHMKA B BUJIE COBOKYITHOCTH B3aUMO-
NENCTBYIONNX HENTPATHHBIX aTOMOB, KaK/Iblii U3 KOTOPBIX COCTOUT M3 TOJIOKUTEIBHOTO 3apsi-
JKEHHOTO sI/IPa, CBSI3aHHON ¢ HUM 4aCcTH W CBOOOIHOMN YaCTH 9JIEKTPOHOB, MMEIOTIUX OTPUIATE -
HbII 3apsi. [lyist a/ileMeHTapHOro MakpooObeMa IMPOBOIHIKA, COAEPIKAIIETO OOIBIITOE KOJTUIECTBO
aTOMOB, BBOJSITCS IJIOTHOCTU HOCUTEJIEN 3aPsIIOB sI/IEP, CBA3AHHBIX U CBOOOLHBIX 9JIEKTPOHOB, a
TakKe COOTBETCTBYIOIIHE TIepeMEIIeH s ¥ TTapiiaibHble HanpspKenus. DopMyaupyiorcest ypas-
HeHUst GajlaHca TUIOTHOCTEH HOCHUTENEN 3apsiioB, YPaBHEHUS] COXPAHEHUsT MMITYJIbCA TTOJIOKU-
TEJIbHBIX, OTPUIATEIbHBIX CBSIBAHHBIX U OTPHUIIATEIBHBIX CBOOOIHBIX 3apS/IOB, a TAK/KE ypaBHE-
HUSI COCTOSIHUS, CBSI3bIBAIOIINE TUHAMUYECKIE U KUHeMaThudeckue rmapameTpbl. Ha aToit ocnoBe
CTPOUTCSI CUCTEMA CBI3aHHBIX AUHAMUYECKUX YPAaBHEHHI OTHOCHUTEJNBbHO MaKpoIepeMeleHui
MTPOBOTHUKA, PA3HOCTU MaKpOIlepeMeIeHnil CBI3aHHBIX 3aPs/I0B M CKOPOCTH MaKpoTliepeMellie-
HUM 3JIEKTPOHHOTO Ta3a.

Hcxoanbie ypaBHeHHs1. PaccMOTpUM TBepIoe TeJlo, IpeAcTaBisioniee co00i COBOKYITHOCTh
B3aMMO/IEMICTBYIOIINX aTOMOB, KaXIblil M3 KOTOPBIX COCTOUT U3 IOJIOKUTEIBHO 3aPSKEHHOTO
s/ipa U ONPEIeJIEHHOTO YHCJIa OKPYIKAIOIINUX €T0 OTPUIIATEThHO 3apsKEeHHbBIX 2JIeKTPOHOB. [Ipes-
moJiaraeM, YTO B PABHOBECHOM COCTOSTHUY aTOMa TIPY OTCYTCTBUY BHETTHUX BO3/I€HICTBUH IEHTPHI
MOJIOKUTETHHOTO U OTPUIIATENLHOTO 3apsiioB coBrazaioT. OTBIEKasICh OT KBAHTOBOMEXaHUYe-
CKOTO OIIMCAHUSI COCTOSTHIS aTOMa U 9JIEKTPOIIPOBOIHOCTH TeJIa, Oy/IeM UCXOAUTD U3 IPOCTEMIIeit
CXeMbI, CUUTAs, UTO SIZIPO UMeeT TI0JI0KUTENLHBIIN 3aps]l gy , a OKPY-Kalollue S1po 3J1eKTPOHbI CO-
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CTOAT U3 CBA3AHHOI ¢ HUM YaCTH C 3apslOM —¢, 1 CBOOOIHOI YacTH € 3apSI/IOM —(, YIOBJIETBO-
PSIOIINX PABEHCTBY ¢y = ¢y +¢q5. Hasmmune cBOGOHBIX 2JIEKTPOHOB, CIIOCOOHBIX MEPEMEIaThCs
o BCceMy 00beMY TeJia, OTIPEIEISIeT dJIEKTPOIPOBOIHOCTD TBEPAOTO Teia. MoJIeKyIsIpHbIE TOKH,
MPUBO/IAIINE K HAMAarHUYMBAHUIO, HE YUUTBIBAIOTCS. B3auMHOe cMelienne 1MeHTPOB 3apsi/ioB Sg/ipa
Y CBA3aHHOI C HUM Y4aCTH 9JIEKTPOHOB oIIpejiesideT nojsdpusanuio. B yactnom caydae nipu g3 =0
TBEPJIOE TEJIO SIBISETCS TUITEKTPUKOM.

Jlist sieMeHTapHOrO 0ObeMa TBEPIOTO TeJia, COAEPIKAIIEro JA0CTATOYHO GOJIBIIOE YUCIO
aTOMOB, T.e. [IJIsl 9JIEMEHTaPHOI0 MaKpooObeMa, MOKHO BBECTHU IJIOTHOCTH HOCHUTEJIEH 3apsioB
ny, Ny, N3 , TIPEJICTABJISIONMX COOON YNCJIO COOTBETCTBYIOIINX 3aPSIIOB Gy, —(y, — (3 B CIMHHUIIE
obbema. Ecii 3apsiipl He BO3HUKAIOT U He MCYE3AI0T, @ TOJBKO TTEPEMENTAIOTCS, TO TIIOTHOCTH
HOCHUTeJIEH 3apSIOB YIOBJIETBOPSIIOT YPaBHEHUSIM OastaHca

on on on

1 -1 . 2 -2 . 3 -3

—+(mu;) ;=0; —=+(nyu;),;=0; —+(ngu;) ;=0 @))
ot i/,i ’ ot i/, ’ ot 3% /i ’

re a}, ”12 uf’ — BEKTOPBI CKOPOCTEN COOTBETCTBEHHO TTOJIOKUTENbHBIX, OTPUIIATETHHBIX CBI3aH-

HBIX U OTPUIATETBHBIX CBOOOIHBIX 3aPSIIOB, OTHOCSIIHECS K 9JIEMEHTAPHOMY MaKpPOOOBEMY, TOU-
K1 CBEPXY 0003HAYAIOT COOTBETCTBYIONINE CYOCTAHIIMOHATbHBIE TIPOU3BO/IHbBIE TI0 BPEMEHHU
o oul . o ou? . 5 ou .
u} :_atl +u}ynu,11; ul2 = atl +u§nu2; uf’ :_8; +uf’nu2 (2)
Ecau npussATDH, 4TO B HAYATBHBIM MOMEHT BPEMEHU B KaXK/IOH TOYKe TBEPIOTrO Tesla UMeeT MeCTO
paBHOBECHOE U HeHTpajbHOE COCTOsIHKE, TO HayasbHble IIJIOTHOCTU HOCUTEJIEH 3apsI/l0B COBIIA-
JIAIOT U PaBHBI YUCIYy aTOMOB N B eJIMHUIIE MAKPOOOBEMA, T.€. 1y =Ny =MNgy = N.
YMmuoxkum ypaBHenus (1) cOOTBETCTBEHHO Ha MacChl MOJOKUTETHHOTO, OTPUIATETBHOTO
CBSI3AHHOTO M OTPHUIIATEIBHOTO CBOOOIHOTO 3apSiOB My, My, My . IIpUHIMAas BO BHUMAHHE, Y4TO
Py =mmy, Py =MNyMy, P3 =MNgMs3 IPEACTABIAIOT COOOM MIIOTHOCTU MAacChl COOTBETCTBYIONIHX 3a-

PpALOB, IPUXOAUM K YPABHEHUAM COXPaHEHUA MaCChl

J . 3 . 9 .
%ﬂmu}),i =0; %"‘(92”1‘2),1' =0; %ﬂpguf’),i =0. 3)

BBe[[eM HapHI/IaJIbHI)Ie HaHpH>KeHI/IH G}j’ G?j, 02 KaK COCTaBJIAIOIIIE paBHO[[eI?'ICTByIOLHI/IX CIJI,
I[eﬁCTByIOHII/IX Ha COOTBeTCTByIOHII/Ie SapHJII)I MaKpOHJIOIHaI[KI/I, OTHECEHHbIE K paSMepy MaKpO-
IIoHIaAKun. HPI/I 9TOM HpeHe6peI‘aeM KacaTeJIbHbIMU COCTABJ/IAIONIMMHU ITaplia/JIbHbBIX HalIPpAKE-
HUM Gf} , KOTOPbIE CBSI3aHbI C BA3KOCTHIO 9JIEKTPOHHOIO ra3a, 00pa3oBaHHOIO OTPHUIIATENbHBIMU
3 _
CBO60[[HBIMI/I BaPHHaMI/I, T.C. HpI/IHI/IMaeM Gl] __p38ij’ rae p3 — HapHI/Ia.TH)HOG aBJICHUE 2JICK-
TpOHHOFO ra3a, 61] - eHI/IHI/IquIﬁ TeH30p. TOFI[a ypaBHeHI/IH COXpaHeHI/IH I/IMHyﬂbca ITOJIOKUTEJIb-
HbIX, OTPULIATEJIbHBIX CBA3aHHbIX M OTPUILIATE/IbHbBIX CBO6OI[HI:)IX 3apAa0B, OTHECEHHDbIE K 3JIEMEH-
TapHOMy MaKpOO6'beMy TBepI[OFO TeJa, MOKXHO Hpe[[CTaBI/ITb B BU/IE
| 1 12 13 1

) 2 12 23 F2
-3 13 23 3
psily =—p3 ;i —R;"—R"+I.
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31ech R}z, R}S, Ri23 — PEe3yJBTUPYIONNE CUJIBI KWHEMATUIECKOTO B3aUMOJIEVCTBUS MEKIY CO-

OTBETCTBYIONIMMU 3apsilaMi, OTHECEHHBIE K 2JIEMEHTaAPHOMY MaKpOOObEMY; Fi1, FiZ, Fz-3 — 00b-

€MHbI€ CHJIDbI, I[eﬁCTByIOHIHe Ha COOTBETCTBYIONIME 3apAAbl 9JIEMEHTAPHOT'O MaKpOO6'I)eMa; ull, uf,

ul?’ — Cy6CTaHLII/IOHaJIbeIe HpOI/IBBOZIHbIe oT COOTBCTCTBYIOH_II/IX CKOpOCTefI
a0t e o o a P g
R R L SR e 6)
o b o b ot

Jlist sambikanust ypasHenuii (3), (4) HeoOX0AMMO JIOMOJHUTETHHO ChOPMYIMPOBAThH YpaBHe-
HUS COCTOSTHWS, CBSI3BIBAIONINE TUHAMUYECKNE I KMHEMaTHUecKe mapamerpsol. [losokuTesbHO
3apsiKEHHbIE sIipa W CBSI3aHHBIE ¢ HUMU OTPHUIIATEBbHO 3apssKEHHBIE 2JIEKTPOHBI 00PasyoT Kap-
Kac TBEPJIOTO TeJia, MOITOMY ONUCAHUE UX COBMECTHOTO MEXaHMUYECKOTO MOBEIEHMsI OyIeM CTPO-
UTh 110 AHAJIOTUH C JIMHEWHON Teopuell IBYXKOMIOHEHTHBIX ynpyrux cmeceit [8]. CoBmecTHOE
MeXaHWYecKoe TT0Be/IeHre 3JIeKTPOHHOTO Ta3a € MOJIO0KUTEeNbHBIMUA W OTPUIIATEIbHBIMU CBSI3aH-
HBIMU 3apsijlaMu Oy/IeM OITUCHIBATH HA OCHOBE aHAJIOTUH C TEOPUEI CMECH TBEP/IOi 1 sKUIKON (a3
[9]. Torna ypaBHeHUsT COCTOSHUS /IS IBYXKOMITOHEHTHOTO JIMHEHHO-YIPYTOTO aHU30TPOITHOTO
TeJIa C IBWIKYIIUMCS B HEM 2JIEKTPOHHBIM Ta30M MOKHO TTPE/ICTABUTH B BUJIE

L el L2 +h1y(u W2 );

ymn z]mn U,
21 22 2 2. — .
xymn mn 7\’1jmn mn+h y(u m)’ P3 _pS(pS)’

L p2 .

imn mn mn 7’717’!y

12
R; ——Kl](u —Uj )

13 To1 -3\, p23 _ 2,2 .3\
R; =_rij(uj_uj)’ R; __rij(uj_uj),

vk ok ok ko _ 1k _ k_ k _
(?\’zjmn 7bmm] 7\’]1mn kynm’ hzmn hmm’ Kij _Kji7 rij - rjz') (V’ k= 1’ 2)7 (6)
rmae
k peoo_ 1ok k
€mn = u(m, n) = E(um, nT Up, n) (k =1 2)7 (7)
k;’fm,hﬁm, K ; — MaTepuajbHble TEH30PbI, Ollpese/sieMble (HPU3NKO-MeXaHMUECKUMU CBOMCT-

BaMU U CTPYKTYPOI TBEPAOTO MPOBOJSIIETO TeJa, MPUYEeM CHUMMETPUsS WX OTHOCHUTEIBHO WH-
JIEKCOB CB3aHa C CYNECTBOBAHMEM yIPYTOrO MOTEHIIMAJA /IJIST ABYXKOMIIOHEHTHOTO aHW30-
TPOTTHOTO TBEPOTO TeJla U CUMMeTpuell TEeH30pOB 65,82 , a Takke ¢ mpuHnunom OH3arepa B
TepMoAnHaMIKe HeoOpaTuMbIX mpoiieccos [ 10]. Bsaumuoe Biustame yupyrux gedopMannii 1By x-
KOMIIOHEHTHOTO TBEPIOTO TeJa M CKUMAeMOCTH 3JIEKTPOHHOTO Tra3a, a TakKe TeMIlepatypa He
YUUTHIBAIOTCS.

[Toxcrasasgs (6), (7) B (4), NpUXOANM K YPaBHEHUSIM

Prii} =Mt i+ Mothn, i + (B

iimnY ijmn m n min ~— "Yimn )um, n-

2 2 1 2 1,1 .3 1
_(hmm imn)um,n_Kij(uj_uj)_rij(uj_uj)+Fz‘)
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p2u 7‘21 7\’22 +( imn +h2

ymn U, nj ymn Up,, n] mm) m,n

2 202 -3 2

(hmm zmn)umn+sz(u uj)_rij(uj _uj)+Fz' ’
.3 1,- _ F3 3
pgii; = p37i+ri]~(u u )+ (u u )+ (8)

Ecim caurarh, 4T0 00bEMHbIE CHJIBI 33/IaHbl U YYECTh YPaBHEHIE COCTOSTHUSI 9JIEKTPOHHOTO
rasa ps; = p3(p3), T0 ypaBrenus (3), (8) 06pas3yioT 3aMKHYTYIO CUCTEMY OTHOCHTEJILHO T1apa-
METPOB Py, Py, P3, U;, Ui , Uj , P3, OLUCHIBAIONIMNX MeXaHUYeCKoe I10BeJleHle TPeXKOHTHUHYYMHOMN
CHCTEMBI — TOJIO)KUTEBHBIE 3aPsI/Ibl, CBSI3aHHbIE OTPHIIATEIbHbIE 3aPsI/Ibl U CBOOOIHBIE OTPUILA-
TeJIbHbIE 3aPSI/IbL.

IIpeoGpa3osanne ypasHenuii. Beesem sameny

1_ ’ 2 _ ’ _ 1 2 ro_ A 2.
uj =u;+uj, Ui =u;—u;, Oy =0;+0y, O =0;—0y; 9)

Torga cybcrannmonabHble IpousBoanbie (2), (5) mpeobpasyioTcs TakuM 06pa3oM:

W=, Ul ==, i) =i i, i =i - i, (10)
u~=al+u ol U U = 8u'+u w o +ul o u
1 at n,n ﬂ’ 1 at L,n"n nLn n’
ii-:a—u+u Wl UG 10 i = au,+u wo+ul o u
1 at nLn n’ 1 8t L,n"n L,n"n:

[Tpu aTom ypaBHeHMS coxpaHeHust Macchl (3), coxpaHeHus umiyabca (4) u cocrogaus (6)
IIPUBOJISITCSI COOTBETCTBEHHO K BUILY

S . iy d i

—p"‘(P“i"‘P u;) ; =0, a—i"‘(P u;+pu;) ; =0, %‘*‘(Psuig),i =0. (11)
pii; +p’ii; =0y, +R13+R23+F
pii; +pii; = ;+2R}* +R° —RP + F,
pii} =—ps i ~(R°+ R+ F? | (12)
Gij :xz'jmn +7\‘l]mn mn+hmz]um’
G;j :Xz'jmn +7\’l]mn mn +h;m] ;n’ P3= p3(p3)’

12 ’ * ’ ’
2Ri = _4Kijuj _himngmn _himngmn;

13 23 13 23 _
R°+R™ =r; (u —; rl]u], R;°—R™ = (u —u;)=7; ], (13)
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rZ1e BBEEHbI 0603HaYeHNA

1 , 1., , 1, 12 'l 2
€y=§(”i,j+“j,i)§ gij=§(ui,j+uj,i); F=F+F, I =F -F,

kzjmn = h}]}nn + 7‘5711171 + x}]gnn + kignw )_" im x}]}nn + 7”5711171 - 7L}]gnn - ki%m’

A’ijmn A‘ijinn }"5727111 A‘ij%rm }"irinn’ = 2(hzmn +hi2mn); hz,m = 2(hzmn zmn

P=pi+py P =pi—Pa, r]—riwz, n-]‘:n-}—nf- (14)
[Moxcrasagsa (13) B (12), npuxouM K ypaBHEHUSIM

Pi; + P8} = Nt v+ Miimnti, nj + it 5 + 135 G} =10 ) =1 + F;

p'il; +pii; :Xmmjum,n] +kymn ., nj h;mju +hml]u —4x;; u +7; (u —1;)= rl]u] +F;

pi; =-p3,; —1; (] i} —u) s+ By (B =y = i) (15)

KOTOpBIe cOBMeCTHO ¢ (11) 1 ypaBHEHHEM COCTOSIHUS 3JIEKTPOHHOTO ra3a ps = p3(p3) obpa-
3YIOT 3AMKHYTYIO CHCTEMY OTHOCHTE/IBHO IAPAMETPOB P, P, P3, Us, U], 163, Ps3.

J1J1s1 M30TPOITHOTO TBEPIOTO NMPOBOAHUKA MaTepuasbHble TEH30PbI, BXosinue B (15), npej-
CTaBJISIOTCS (hopMyJIaMu

Nimn =N 838, + 20 Ly N = M3yi8,, + 201 5

ijmn ijmn> Nijmn iimn>
_ 1_ . 2 _ .
kijmn 7»61]6,"" + 2, X = KS,-]-, i r16i]-, rj = 72817,
*
— . —_— ’ — . —_— —
ni =1y 1 =1d;, r=n+n, r'=n-n; i = Pigpn = 0. (16)

roe AW, AW AW, K, 73,7 — IIOCTOSTHHBIE MaTepHaa; 81], — eIMHUYHBIE TeH30phl. Torma

ypaBhenus (15) NpuHUMAIOT BUJT

ijmn

.. 7eer * % % — A=\ .3 . ’er
pil; + Pt =Wty + (N W, A1, A (MU, 7 () =) =1+ F;

s Y2 — A — ’ ’ ’ 7, -3 . ., ’
P'i; +pil; = [ty e + (AU, + UL+ (AU, —AKu; +17 (05 — 1)) =1 + F
Py =—P3,i—7(uf—ui)+ﬁlf+F3- 17)

Cucremsl ypasaenwmii (11), (15), (17) ¢ y4eToM ypaBHEHHS COCTOSIHUS ps = p3(P3) OIICHI-
BAIOT INHAMMYECKHE TT0JIST MAKPOIIEPEMEIIEH NI #; KapKaca, 00pa3oBaHHOTO MOJIOKNUTEIbHBIMI 1
CBSI3AaHHBIMI OTPHIATETBHBIMU 3aPSIIAMHI, B3AUMHBIX CMEIIEHUH 21 TTOJIOKNTENBHBIX 1 CBSI3aH-
HBIX OTPUIIATETHHBIX 3aPS/IOB U CKOPOCTEH TIepeMeTeH it “13 CBOOO/IHBIX OTPUIATETHHBIX 3aPsi-
noB. HetpymaHo npoBeputb, uto ypasuenus (3), (8), (11), (15), (17) nunBapuaHTHbI OTHOCUTETHHO
npeobpazoBanuii Tanues.
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PIBHAHHA TPUKOHTUHYYMHOI
MEXAHIKU ITPOBIAHMKIB

Buxrazero mo6yoBy piBHSIHb TPUKOHTHHYYMHOI MEXaHIKK MIPOIIECIB, 110 BiAOYBaIOThCsI y MPOBiAHUKaX. B oc-
HOBY IIOKJIQJIEHO CXeMY MeTaJliYHOrO IPOBIAHMKA y BULJIAL CYKYIIHOCTI B3AaEMOJIIOUMX HEHUTPAJIbHUX aTOMIB,
KOXKEH 3 IKUX CKJIQJJAETbCA 3 MO3UTUBHO 3aPS/IPKCHOTO £/1pa, 3B’513aH01 3 HUM YaCTUHU eJIeKTPOHIB 1 BiJIbHOI yac-
TUHW eJEeKTPOHIB, IO MAaIOTh HETAaTUBHUH 3apsaa. MakpocKomiyHa Mo/eTb TPOBITHUKA MPE/ICTABIAETHCS Y
BUTJIS/I TPHOX B3aEMOIIPOHUKAIOUUX B3aEMOJIIIOUNX KOHTUHYYMiB—CYKYIHOCTI IO3UTUBHO 3aps/PKEHUX f7ep,
CYKYTIHOCTI HETaTHBHO 3apS/UKCHNX 3B I3aHUX 3 SAPAMU €JIeKTPOHIB i CYKYIMTHOCT] HETATUBHO 3aPSIPKEHUX BiTh-
HUX €JIEKTPOHIB (€JIeKTPOHHOTO ra3y). BBoAsATbCS NIIIbHOCTI HOCIIB BiJIOBIZAHUX 3apsi/IiB, a TAKOK BiIIOBI/IHI
mapIiaTbHi mepeMinienHs i maprianbei Hanpykerust. ChoOpMyIbOBaHO PIBHSHHS OaaHCy MIIBHOCTEN HOCITB
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BiZIMOBIIHVX 3apsi/IiB, PIBHSIHHS 30€PEKEHHST IMITYJIbCY | PIBHSHHS CTaHy, 1110 3B’I3yIOTh IMHAMIUHI i KiHeMaTHy-
HI IIapaMeTpu.

Katouoei cnosa: mpuxonmunyymna mexanixa, 63aEMONPOHUKAION KOHMUHYYMU, 63AEMO0IIOUT KOHMUNYYMU, 36’51
3ani 3apsaou, 6LILHI 3aps0U, eeKMPOHHULL 243.
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EQUATIONS OF THREE-CONTINUUM
MECHANICS OF CONDUCTORS

The construction of equations of the three-continuum mechanics of the processes occurring in conductors is de-
scribed. It is based on a metal conductor circuit in the form of a set of interacting neutral atoms, each of which
consists of a positively charged nucleus, a part of electrons connected with it, and a free part of electrons having
anegative charge. A macroscopic model of a conductor is represented in the form of three interpenetrating inter-
acting continua — a positively charged set of nuclei, a negatively charged set of electrons connected with nuclei,
and a negatively charged set of free electrons (electron gas). The carrier densities of the corresponding charges
are introduced, as well as the corresponding partial displacements and partial stresses. The equations of balance
of the densities of carriers of the corresponding charges, equations of conservation of momentum, and equations
of state connecting dynamic and kinematic parameters are formulated.

Keywords: three-continuum mechanics, interpenetrating continua, interacting continua, bound charges, free char-
ges, electron gas.

48 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2019. Ne 12



