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NMPEAUCJIOBHE

Mruorue ycTaHOBHUBILHECS NPOLECCH PasTHYHOM ¢usnyeckoht
TNPUpPOAHI PHBOAAT K Au(pepeHHaIbHbIM yPaBHEHHSIM B 4acT-
HBIX TIPOHM3BOJHBIX 3JVIHITHYECKOro THNa. JJocTaTouHO yKasaTh
cTalHOHApHHIE 3a1a9H TEIVIONPOBOAHOCTH H Au(xpy3HH, 3anavy
0 pacmpejie/IeHHH TOKa B NMPOBOASLLEH CPeje, 3aauH 3/1€KTPO-
CTaTHKH H MarHUTOCTaTHKM, 3a1a4H TEOPUH YIIPYTOCTH, TEOPHH
¢unbTpauuy H T. I.

TouHble pelleHHs KPaeBbIX 3a7ay AJIs1 SMJIHITHIECKUX ypaB-
HeHH# yAaeTcs NOMYYHThb JHIIbL B 9acTHHIX caydasx. [Tostomy
Haj0 yMeTb pellaTb 3TH 3aJaud NMPUOIHKEHHO.

YuuBepcaibHbIM H 3(peKTHBHBIM METOAOM pelleHHs SJJIHI-
THYECKHX YpaBHeHHH SIBJISIeTCS1 MeTOA KOHEUHBIX pasHOCTeH,
KOTOPOMY H MNOCBSIIEHA JaHHAas KHHTa.

INpotiecc pewenns nuddepeHnraJbHbIX YpaBHEHHH pasHO-
CTHBIM METOJOM COCTOMT H3 JBYX OCHOBHBIX 3TaloB:

1) mepBHIit 3Tan — 3aMeHa AHU(pepeHHaTbHOIO YpaBHEHHS
M JONOJHUTENBHBIX YCJOBUH (Hampumep, KpaeBbIX YCJOBHH)
CHCTEMOH CEeTOYHbIX YPaBHEeHHI (MOCTPOeHHE Pa3HOCTHOH CXeMbi);

2) BTOpPO# 3Tal — pellleHHe MOoJAYYEHHOH CHCTEMbl CETOYHBIX
(pasHOCTHBIX) ypaBHeHHH.

B nanHoO# KHHre paccMaTpPHBAalOTCS TOJBKO BOMPOCH!, CBSI-
3aHHBIE C MOCTPOEHHEM H HCCIeOBaHHeM Pa3HOCTHHIX CXeM,

“Merozpl (MpsiMble M MTEPAllMOHHHIE) peLIeHHs PasHOCTHBIX



6 NPEAUCJOBUR

ypaBHeHUH, annpoOKCHMHPYIOLIHX  3JJHNTHYECKHE  YpaB-
HeHHus, OYAyT pacCMOTPEHBbl B OTIAEAbHOH KHHre.

OcHOBHOe BHHMaHHE B 3TOH KHHIe YAENISAETCs NMOCTPOEHHIO
Pa3HOCTHHIX aNNPOKCHMAUMA ypPaBHEHHH M JONOJHHTEJIbHHIX
YCJIOBHH JJIsi THIHYHBIX 3a7ay MaTeMaTHUecKod (u3uku. Mbl
OrpaHHYMBaeMCsl H3y4YEHHeM TOJIbKO 3a1a4, COOTBETCTBYIOIIMX

. YpaBHEHHsSIM M CHCTeMaM ypaBHeHHH 2-r0 M 4-r0 MOPSLKOB,

0co60 BBIIEJSASI T€ H3 HHUX, KOTOpPEIE HMEIOT HEeNnocpenCTBeHHOe
NpaKTHYecKoe NpHMeHeHHe. B CBA3H C 9THM MBI COWIH yMe-
CTHBIM IIPHBECTH MOCTAHOBKH PsjJa 3alay MaTeMaTHuecKoH ¢u-
sukyd (ra. 1), cHaGaMB MX BHIBOJZOM ypaBHEHUH W TPaHHYHBIX
yCJIOBHH.

OTMeTHM, Y4TO Pa3HOCTHBIE ANNPOKCHMAUHH VIIHITHIECKHX
ypaBHeHHH MOTYT GBIThb HCIOJIb30BAHB MPH MOCTPOEHHH Da3-
HOCTHBIX CX€M JUISi HECTAUHOHApHBIX 3ajlay MaTeMaTHYeCKOMH
(U3HKH, CBA3aHHBIX C YPABHEHHSIMH NapaboJIHYecKOTo H THnep-
6O/IHYECKOTO THIIOB.

C uenblo ynpolleHHs H3/OXKeHHs, B JaHHOA KHHre pac-
CMaTPHBAIOTCSI B OCHOBHOM CXeMbl JJIsi YpaBHEHUHl ¢ JByMs
He3aBHCHMBbIMH nepeMeHHbIMH. [lepexon K cayuaio Tpex us-
MepeHHH He BBI3bIBA€T HHKAKHX NPHHIHMHAIBHEIX 3aTpyIHe-
HUH W TNPHBOAHT JHIIb K GoJee TPOMO3AKHM (opMmyJaMm.

[Tpn HanHMcaHWH PA3HOCTHBIX CXeM CJelyeT BCerja HMEThb
B BHAY TY BBIYHCJIHTENBHYIO paboTy, KOTOPYIO NMpHAETCS 3a-
TPaTHTb LSl PellleHHs MNOJY4JalomUXCs CHCTeM Pa3sHOCTHBIX
ypaBHeHH#. [TosToMy MBI OrpaHHYHBaeMCsl H3y4eHHEeM NpocTeii-
IIHX CXeM C MHHHMAJbHBIM LI1aGJIOHOM, Ha KOTOPOM OGecredw-
BaeTcsl BTOpO# (MJIH UEeTBEpTHIH) MOPSNOK TOYHOCTH. MMeHHO
CXeMbl NMoJOGHOTO THNA IIHPOKO NPHMEHSIOTCH Ha NpAaKTHKe.

IIpu nocTpoeHHH Pa3sHOCTHBIX CXeM NMPHXOAUTCA 3a60THTHCS
He TOJNbKO O TOM, YTOGHl OHH XOPOIUO AaNMpOKCHMUPOBAIH
HCXOJHYIO 3afauy AN AM(depeHIHaJbHOTO YPaBHEHHS C TOUKH
3peHUsl MOTPEIIHOCTH aNNpOKCHMAlHH, HO H O TOM, YTOOLI OHH
MOJE/HPOBAJIH B NPOCTPAHCTBE CETOYHBIX (PYHKUHH OCHOBHBIE
CBOMCTBa HCXOAHOM 3afauy (TakHe, HaNpHUMep, KaK caMocomps-

AT
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NPEAUCJIOBUR 7

JEHHOCTb, SJUIMNTHYHOCT: H Ap.). B Kmure stomy Bompocy
yAEJIeHO NO/XKHOE BHHMaHHE.

B Hacrosilee BpeMsi HMeeTCsl JOBOJILHO MHOro croco6oB
NOCTPOEHHSI Pa3HOCTHBIX aNNMPOKCHMAUHA IS SVIJIMITHYECKHX
safay. JletaqbHoe H3JIOXEHHE STHX MeTONoB B oflieM BHAE
B paMKaX JaHHOHA KHHTH He NPEJICTaB/IseTCs BOSMOKHBIM.

PasinyHble MeTOAbl TIOCTPOEHHS PasHOCTHBIX CXeM H3Ja-
raloTcs Ha NPOCTeHIIMX NpHMepax ofHOMEpHBIX 3anay. Takoit
TMOAXOJ TMO3BOJISIET BEUIEIHTE KOHCTPYKTHBHYIO M€ TOTO WIIH
HHOTO METOZa, He meperpyxas H3JIOXeHHe BeCbMa CJIOXHBIMH
TeXHHYECKHMH JETalsIMH, KOTOPHIE MOAB/IAIOTCS NPH PaccMoT-
PEeHHH JIOCTaToYHO OOMX ypaBHEHHH.

KayecTBO pasHOCTHON cXeMbl onpefensercs NMpexnie BCEro
ee TOYHOCTBIO. M3yueHue PasHOCTHBIX CXeM B KHHTe OCHOBaHO
Ha JIeTaJIbHOM HCCJEOBAHHH HX IOT'PELIHOCTH aNNpOKCHMAIHH
H YCTOHYMBOCTH, H6O HMEHHO 3TH XapaKTePHCTHKH ONPeNeIsoT
TOYHOCTb CXE€MBHI.

Hsyuenve ycTOAYHBOCTH Pa3HOCTHBIX CXeM CBOAHMTCSA K IO-
JIYYEHHIO aNpHOPHBIX OLEHOK IJIs pellleHul pasHOCTHBIX Kpae-
BhIX 3anay. JIjifl pa3HOCTHBIX CXeM, COOTBETCTBYIOWHX SJI/IHIITH=
YeCKHM YpaBHEHHSIM, H3BECTHO MHOTO PAs3/IHUHBIX ANPHOPHBIX
OLIEHOK, B TOH HJIH MHON CTeNeHH HMMTHPYIOLIHX aNpHOpHLIE
OlEHKH Jisi pudxbepeHIHaNbHEIX ypaBHEHHH.

| B KHHre anpHOpHble OLEHKH B 3HAUHTEJIbHOM CTENEHH HO-
l CAT WIJIOCTPATHBHHIA Xxapakrtep. He naad Bcex pasHOCTHHIX
i CXeM, TOCTPOEHHBIX B KHHUIe, NPUBOAATCS aNpHOpPHLIE OLEHKH.
Onuaxko MeTofsl, H3aoxenHble B rvabax 111, V u VI, nospoasior
9TH OLEHKH MOJNYYHTb.

HauGosee neranbHo H3yyeHB pasHOCTHHIE CXeMbl AJIA
ypaBHeHus [lyaccoHa B pas/aMYHBIX CHCTeMaX KOOpDIHHAT
(ra. III).

‘ B raase IV paccMoTpensl pasHOCTHBIE CXEMBI /151 OCHOBHBIX

KpaeBbIX 3ajay B C/yyae S/JIHITHYECKHX YpaBHEHHH BTOPOro
NOpAAKa (CO CMeIaHHBIMH NMPOH3BOAHHIMH M 6e3 HHX, NOBbI-
IIEHHOrO NopsijKa, CXeMbl Ha HepaBHOMEPHHIX CeTKax M T. A.),

L.




8 1IPEAUCJOBUE

JJISl CHCTEMBl YDaBHEHHH TEODHH YMNPYroCTH, a Takxke Aaf
ypaBHeHHH 4eTBepTOro nopsaka.

[Tonpo6HO H3yyalOTCs anMpOKCHMALHH YCJIOBHH CONpsike-
HHSl M TPAHHYHBLIX YCJOBHH pasHOro THNA A ypaBHEHHH
BTOPOTO U YeTBEpPTOTO NMOPAAKOB.

B riiaBe V BBOAHTCS MHHHMaJIbHBIH MaTeMaTH4ecKHil anna-
paT TEOpHH Pa3HOCTHBIX cXeM (pas3HocTHble (opmyubl I’ puHa,
3a1ayd Ha COOCTBEHHbIe 3HAUeHHS! AJIS1 PAa3HOCTHEIX Omeparo-
pOB, CETOYHHIE TeOpEeMbl BJOXKEHHS H Ap.), KOTODHIH HCNOJb-
ayerca B IvaBe VI JJa NOJyYyeHHsT METOJIOM SHepreTuye-
CKHX HEDaBEHCTB HEKOTOPHIX alpHOPHBIX OIEHOK.

Mero/ibl MOCTPOEHHS PAa3HOCTHBIX CXeM, H3/IOXKEHHbIE B 3TOH
KHHI'€, MOTYT ObITh HCNOJIb30BAHbl M NPH NOJNYYEHHH DasHOCT-
HbIX aNMpOKCHMALMUA I HeMMHeHHbIX ypaBHeHui. OnHako
HeJMHEHHBIe CXeMbl B KHHIMe He pacCMaTpHBAIOTCA, TaK Kak
HX H3YyYeHHe .NOTPe6oBajIo GBI CYLIECTBEHHO 6OJIbILEro BHHMA-
HHST K NOJIYYEHHIO alpHOPHBIX OLLEHOK, YTO B 9TOH KHHUIe npej-
cTaBJsieTcsl Helles1ecoo6pasHLIM.

dta KHHra BO3HHKJIA HA OCHOBeE JIEKIHH, YHTABIIHXCS aBTO-
pamH B TeyeHHe MHOTHX JieT B MOCKOBCKOM YHHBepCHTeTe IS
CTY/IEHTOB MeXaHHKO-MaTeMaTHUeCKOro i (HH3HIeCcKOro (aKy.ib-
TeTOB U (aKy/JbTeTa BHIYHCIHTENBHOH MaTeMaTHKH H KHGepHe-
THKH. Kuura paccuuTaHa Ha MHPOKHH KPyr uuraTenefi u
MOXKeT OBIThb HCIOJIBb30BaHA B KayecTBe y4eOHOro INOCOGHS MpH
M3yYeHHH Pa3HOCTHBIX METOXOB pellleHHs! YpaBHeHHH Marema-
THyecKo# ¢u3ukH. M3noxeHne HOCHT CHCTEMAaTHYECKHH H 3Je-
MeHTapHBIl XapakTep M He IIPeAnoJaraeT MNpeiBapPHTENbLHO
MOATOTOBKH YHTaTeNsl 10 TEOPHUM DasHOCTHHIX cxeM. Cienyer
OTMETHUTb METONHYECKYI0 H HAEHHYIO OJIH30CTb 3TOH KHHIH
¢ kuuroit A. A. Camapckoro «BBefieHHe B TEOPHIO Pa3HOCTHBIX
cxem» («Hayka», Mocksa, 1971 r.).

ABTopHl BhpaxaioT Gnarogaprocts M. T'. BenyxuHoii 3a

nomolb npH opOpMJIEHHH PYKOIHCH.

A. A. Camapcrud, B. B. Anodpees

-
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raiABA T
BBEJEHHUE

§ 1. Tipumepsl HayyHO-TEXHHYECKHX 3aja4, MPHBOASIMIHX
K JUIMNTHYECKHM YPaBHEHHAM

1. CranuoHapHble 3a1a4d TENJIONPOBOAHOCTH H AH(y3HH.
CrauvoHapHbie (T. €. He MeHsIONHecs BO BPEMEHH) MPOUECCH
pasiMuHOH (PH3HYECKOH NPHPOJABI OMHUCHBAIOTCA YyPaBHEHH-

*§IMH 3JJIMNITHYECKOrO THNA, B MpocTedlieM cayuae (OQHOPOX-

HO# cpeibl ¥ OTCYTCTBUS HCTOUHHKOB) — ypaBHeHHeM Jlamnnaca.
YkaxeM, HampuMep, 3ajaud TeN/OMPOBOAHOCTH, AH(PPy3HH,
3ajauyl 3/4EKTPOCTATHKH, MarHUTOCTAaTHKH, 3aJlaud O MOTeH-
IMaJbHOM TEYeHUH MXHAKOCTH U T. X.

PaccMorpuM 3ajauy O CTalHOHapHOM paclpefie/leHHH
Tensia B Hekoropom oGveMe G ¢ noeepxHoctblo I' Tpexmep-
HOTO TNIPOCTpPaHCTBA X==(X), X3, Xg). [Ipollecc mepeHoca Temna
(A TEMJIONPOBONHOCTH) oOnpefensieTcss 3axonom Dypeoe:
BEKTOP [JIOTHOCTH TelsioBoro noroka W mnponopiyoHaseH
TpajiHeHTy TeMneparypsl #=u (x), TaK 4TO

=—kgradu, (1)

rae k==~k (x) — xosgppuyuenm menaonposodnocmu. T1n0THOCTD
TEMJIOBOTO NOTOKA paBHAa KOJIHYECTBY Temsa, [POTEKAaloIEero
B €AMHHMIlYy BPEMEHH Yepe3 eAMHHYHYIO MJIOLWALKY H30TepPMH-
YeCKOH IIOBEPXHOCTH.

Hanumem ypaBhenne 6ananca Temsa 1si HEKOTOPOro
o6bema V, uenukoM Jexamero BHyTpH G H HMEIOWLEro
noeepxHocte S. Ilycrb BHyTpu ofbeMa V HMeIOTCS HCTOY-
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HHKH TemJa, pachpele/ieHHble C IVIOTHOCTBIO f (X), Tak 4TO
f (x) dV ectb KoJHYECTBO TemJa, BbIeaHBIleecs B o6beme dV.

[Tycts W, —nmnpoekuuss Bektopa W Ha BHEUIHIOIO HOp-
Maab 7 K TOBepXHOCTH S. ¥pasuenue Garawca Temja BHpa-
XKaeT OueBHIHbI (akT: CyMMapHbIi MOTOK TenJa uepes
[OBEPXHOCTh S

5§ W, as
JOJI2KEH OLITH paBeH KOJIHYECTBY Temjia

1557 0 av,

1%
BHIIesIOIerocsi B o6reme V, T. e.

S w,ds={{{f (v av. )]

S 14
Bocnoasayemesi opmyatoit OcTporpaznckoro

SSSW,, dS=S§S div Wdv

H IlepenHieM ypaBHeHHe GasaHca (2) B BHIE
S‘S/S (divw —f (x)) dV =0. 2"

Ecan f(x) u div W— HenpepbiBHble (YHKIHH TOYKH X =
= (X1, X3, Xg), TO B CHJy NIPOH3BOJILHOCTH o6beMa V u3 (2')
ceayer:

div W=f (x). 3

IMoncrasnsa cioofa BuipaxkeHue (1) A/ BeKTOpa TEMJIOBOTO
notroka W, noJsyvyaeM ypaBHeHHe /51 CTallMOHapHON TeMme-
patypbt u=u (x)

Lu=div (kgrad u)=—f (x), 4)

HJH B pa3BepHyTOM BH]IE,

%(k%)"‘%(k%)"‘%(’egng“Hxn Xy Xa).  (4)

Koadguuuent & sBaserca QyHKIHel TOUKH X== (X1, X3, Xg):
k=k (X)=k (xp X2, Xs).




-

§$ 1. NTPUMEPBl HAVUHO-TEXHUUYECKHUX 3AJAY 1

- B caydae onHOpOAHOH cpebl KO3(QQHUHEHT TEmJIONpPOBOA-
' HocTH k=const He 3aBiCHT OT TOYKH X, H CTalHOHAapHOe
pacrpejie/leHne TeMnepaTypbl #==u (x) ONHCHIBAETCS ypaBHe-
uueM Ilyaccona

Au=—F(x), F=flk.

Vio6Hee coXpaHUTh JJis TNpaBofi 4acTH 0OGO3HaueHHe f (x)

H nucartb
Au=—Ff (x), )
HJIH B Pa3sBEepHYTOM BHJE:
Pu |, Pu , 0 ,
T Tag=—l® (5')

Eciay¥ HCTOYHHKOB Temja HeT, T. e. f (x) =0, T0 aas crauuo-
HapHO¥M TeMnepaTypHl U =u (X) NMOoJiy4yaeM OAHOPOJHOE ypaB-
HeHHe )

div (& grad u) =0, !

(uan ypasrenue Jlannaca Au=0 B cayuae k=const.)

YpaBHeHHe TeNJONPOBOAHOCTH (4) mNoJsydyeHo B Mpexmno-
JIOXKEHUH H30TPONMHOCTH Ipoliecca nepeHoca TemJa. Ecau
KO3pHUHEHT TeNJONPOBOAHOCTH 3aBHCHT OT HampaBJ/eHHS
W ABJIAETCS TeH30pOM (cpela aHM3OTpOMHA), To BMecTo (4)
noJyyaercsi ypaBHEHHE

3
D g e )=~ 0 ®

a, =1

Ecau kug=0 npu a==p, To ypaBuenne (6) npunumaer Bujg

o (o 55) + 3 (o) + 3 (b ) =

Ypapuenue (4) BHINOJIHSETCS BO BCeX BHYTPEHHHX TOUKAX
obnactu G. Ha ee rpanune I' saganorcs pononHuTe bHBIE
yCJIOBH .

OG6BIYHO 3TO ONHO M3 CJENYIOUWHUX YCJIOBHIA:

a) 3ajaHa TeMneparypa: u=g (x) npu x <1}

o . . 0u
6) 3azaH TenJyoBOH MOTOK: k=g x) mpu x=T;
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. o
B) 3aflaH menso0bmer no saxony Hewmona: kb—‘—;= ®u 4

+g(x), x=T, rae x=x%(x)>0.

B coorBeTcTBHH C 3THM MOJiyuaeM TPH OCHOBHBIX Kpae-
BBIX 3ajauu:

a) mepBas Kpaesasi 3ajava, HJM 3ajauya [lupuxne: HafiTh
HenpephiBHYI0 B 3aMKHyTo# o6Jjactd G- I' ¢pynkuuio u (x) us
ycioBui

Luy=—f(x) nmpn xe=G, u=g(x) npy xeT;

6) BTOpasi KpaeBasl 3ajaya, MJH 3ajada Hefimana:
Lu=—f(x) npu xe&G, kg—;'=g(x) mpu x&T
B) TpeTbsl KpaeBas 3ajaua:
Lu=—f(x) npn ’ xeG, kg—';=xu+g(x) npy xe<T.

3ameTuM, uTo AJA pas3pewnMocTy 3ajaun HeiiMana Heo6-
XOJHMO BHINIOJIHEHHE YCJIOBHS

§ &) do+\F (x) dx=0, o)

iy G

KOTOpCE B Clyyae OfHOpOAHOro ypaBHeHHA (f==0) Hmeer
BHA
{ g (x) do=0. . ®
r

~

D10 yc/0BHE O3HAyaeT, YTO KOJIHYECTBO Telia, BTEKAIOUIEro
B o6aactb G, NOMKHO ObITb PAaBHO KOJHYECTBY BHITEKAIOIIEro
Tensia (B TPOTHBHOM cJjyuae nporecc 6yneT HOCHTb HecTa-
HMOHAPHBIH XapakTep).

Tpoueccst auddysuu BeliecTBa BO MHOTOM aHAJIOT HUHBI
npoueccam TemyonpoBogHocTd. Ilpum omucanun  auddysuu
aHa/J0rOM OCHOBHOTO 32KOHAa TEIJIONPOBOJHOCTH SIBJAETCS
sakon Hepuncma, cornacHo KOTOPOMY BEKTOD HJIOTHOCTH
noroka BeuwiectBa W nponopiuoHajeH rpajgHeHTy KOHLEHT-
pauun u==u (x):

W=—D gradu,

rae D=D (x) —xosbbuunenr nudpdysuu. I[loacrasass sro
BoipaxkeHne B ypaBHeHue (3) mpu f(x)=0 (uro o3nauaer

o e A
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OTCYTCTBHE HCTOYHHKOB IH(MDYHIHPYIOLIErO BeLIeCTBa), MOJY-
yaeM ypaBHeHHe IH(pDY3HH

div (D grad u) =0,

KOTOopoe B ciyyae ofHOpozHo#l cpenmnl (D = const) mepexoaut
B ypaBHeHue Jlansaca Au=0.

Ecnu cpena, B Koropoit mpoucxomur au¢xbysusi, nBH-
JKeTcsl CO CKOPOCThIO ¥ == (U1, U3, Ug), TO AJIsI CTallHOHaPHOrO
pacnipesiesieHHsl KOHUEHTPAUMH u=u (x) ypaBHeHHe Aupdy-
3UH HMMeeT BHJ

div (D grad u) — div (ou) =0 9)
HJH

: ou ou ou
div (D grad u) — U150 E_v"&;:O’

ecau divo=0 (cpena Hecxkumaema). B camom pene, ecau
cpena JBHXeTCS, TO CyMMapHBIH TNOTOK BEIIECTBA COCTOHT
u3 JuddysHoHHOro mnortoka, paeHoro—D gradu, u moroka
nepeHoca (TPaHC/IANHOHHOrO IIOTOKA), PABHOTO 4V, TaK 4YTO
CyMMapHBbIH NMOTOK €CTh

=—Dgrad u+ uo.

Tenepb ocraeTcss MNOACTaBHTb 3TO BHIpaXeHHe B (3) mpu
f=0 (uer ucrouHukos). B npouecce nudpy3un Moxer mnpo-
HCXOAUTb peaklus pacnaja HJAH PasMHOXKEHHS JaHHOTrO
BELIECTBA, YTO COOTBETCTBYET MOSIB/JECHHIO CTOKOB HJIH HCTOY-
HUKOB. EC/IM NJIOTHOCTb 3THX HCTOYHHKOB (CTOKOB), HaIllpH-
Mep, MPONOPIHOHAJbHA KOHIEHTPALHH, TO BMecTo (9) moay-
YHM ypaBHEHHe '

div (D grad u) — (v grad u) + pu=0, (10)

rae P — koahduuueHT mnponopuxoHadbHOCTH (mpH B>0
HMEeeM HMCTOYHHK (Pa3MHOXeHHe sellecTBa), npu P <<0—
CTOK).

3ameuanue 1. K ypaBHeHHSIM yKa3aHHOTrO BhIllle BUJA
NPHBOAAT M JIpyruHe 3ajaud. PaccMoTpHM, HampHMmep, 3ajzauy
06 3/1eKTPOCTaTHUECKOM [oJie B HempoBoasuiell cpene. OHa
onuchiBaeTcsl ypaBHeHHsIMH Makcsesia

rot E=0, divD=4np, D=¢E,

rie E — BeKTOp HanpsiKEeHHOCTH 3JEeKTPHYECKoro nojs, D —
BEKTOD 3JIEKTPHYECKOH MHIYKUHH, €==g (x) — JHIJIEKTPH-
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yecKas MOCTOSIHHAA Cpefbl, p==p (X) — 06beMHasl MJIOTHOCTb
3apajJoB B TOUKe X=(Xj, Xg, X3). VM3 ypaBnenus rot E=0
caenyer, 4To E — noTeHUHasbHbIH BEKTOp, IpeACTaBHMBIHA
B BHJE

E=—gradu,

rae u=u (x) —norenunan mnoas. IloxcraBasis E=—gradu
B ypasuenue diveE=4mp, nomyuaem

div (e grad u) = — 4mnp.
Ecau cpena oxnHoponHa (e==const), To
Au=—4nple;

B mycrote (e=1) Mbl GyleM uMeTb Au=— 4mp.

Ecnu 3apmaua cranvoHapHa, TO I/ BeKTOpa HampsiKeH-
HOCTH MarHHTHOTO NOJISI M3 ypaBHeHHiI Makcpesaa nosyuaem
(ypaBHeHHS MarHHTOCTaTHKH)

rot H=0, divB=0, B=pH.

[To aHajoruM C S/J€KTPOCTAaTHKOX BBOAUM MOTEHLIHAN U
MarHUTHOTO MOJIS, KOTOPHI B ORHOPOAHOMH cpeje (p = const)
yaoBseTBopsieT ypaBHeHHio Jlamnaca Au=0, npuuem H =
= —grad u.

3aMmeuanue 2. [loreHunan ckopocreffi ¢ cranuoHap-
HOTO MI0TOK3a HECXKMMAaeMOH KUIKOCTH TaKXe YIOBJETBOPSET
ypaBHenuio Jlamnaca Ag¢=0, npHyeM ckopocTb ©==grad ¢.

Ecan pelieHne ypaBHeHHsi (4) He 3aBHCHT OT Xy (uTO,
OYeBHJHO, MOXKET MMEThb MECTO JIHLIb B caydae f=f (x1, Xp),
k=Fk (x;, Xx;), KpaeBHIX YCJOBHH, He 3aBHCAWIHX OT Xg,
¥ o6jacreil crneuHaJbHOrO BHA3), TO MBI NOJyYaeM JJs
onpeneneHusi U=u (X;, X;) IBYMEpHOe YypaBHeHHe

9 i) ] 0
Lu=g2(k(r1, %) go) + 5 (B (a2 o) =—F (51, %),

Sro MoXKeT, HanpuMep, HUMeTb MecTO B cjyuae GeCKOHeYHOH
HHJIHHIPHYECKOH o06JacTH ¢ ofpasylolled BIOJb Xz IpH
YC/JOBHH, €CJH BJOJb O6pasylollei He MEHAIOTCS BXOAHBIE
JlaHHBIe, T. €. KO3phHIMEHTH U IpaBble YacTH YypaBHEHHS
H KpaeBblx ycaoBHH. Toraa s3ajgauy MOXHO paccMarpHBaTh
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B JMOGOM IIONEPEeYHOM CeYeHHH UHJAMHAPE, NapaJlJesbHOM
IJIOCKOCTH (X3, Xg).

B nanpHefiieM S YOPOWEHHA H3JIOXKEHHS pacCMarpH-
BaeM JHWb ABYMepHHe 3ajaud. Ilepexox K TpexmepHbM
3JIJIMIITHYECKHM 3ajayaM [PHHUMIMAIBHEIX TPYAHOCTEH He
BLI3LIBAET, MOpPOXKIAf, KaK MpPAaBHJIO, JIHUb YCJIOXHEHHEe
BeIUHC/IeHHA u dopMy.I.

2, 3ajaud O CTAlHOHAPHOM pacHpele/eHHH MJAOTHOCTH
TOKa B nposoismesi cpeae. K ypaBHeHHSAM 3JJIMITHYECKOro
THNA MNPHBOAST 3aJay# O CTalHOHAapPHOM pacnpeie/eHHH
9/JIeKTPHUECKOTO ¥ MAarHHTHOro noJeH. OTH 3alaud ONHCHI-
BalOTCA CHCTeMO#i ypaBHeHHii MakcBesJa, KOTOpHE B CTAalHO-
HapHOM cJy4yae HMelT BHI

rot H=22j,  rot E=0,
divpH=0, div eE=4np,

1

rie E —BEeKTOp HanpsKeHHOCTH 3JjeKTpHueckoro moas, H—
BEKTOp HAmpsKEHHOCTH MAarHHUTHOro MoJsfi, j— BEKTOp 0Gb-
e€MHOH IVIOTHOCTH 3JIEKTPHUECKOTO TOKa, p — oObeMHas IJIOT-
HOCTb 3JIEKTPHUECKHX 3apfnoB, W — KO(OPHLUHEHT MarHHTHOH
NPOHHIIAEMOCTH, & — KO3(hhUIMEHT IHIJIEKTPHUECKOH IPOHH-
11aeMOCTH.

B o6ueM cayuae aHH30TPOIHOH H HEOXHOPOAHOH CpeliH &
H P —TEeH30pbl, 3aBHCALHE OT TOYKH X==(X;, X3, Xg) HpO-
crpancrBa. Ecau cpeja H30TpomHa, TO € H W — CKaJspHBIE
¢ynkuun x. B cayuae ofHOPOZHOH H H30TPONHOH CpenHl &
H p — nocrosiiHble: e==const > 0, p=const > 0. B puasekr-
pHKe M?xmo cyuTaTh W=1, B MpOBOAHHKe e =1, B BaKyyme
e=p=1.

B ofwem ciayyae Bmecro j B ypaBHenns (11) Bxomut
cymma j+j®, rae j°) —BekTop 06BEMHOM NJIOTHOCTH TOKAa,
NPOUCXOASALUIEro OT CTOPOHHHX 3. J. €. Mbl cudTaem 3pech,
yro j©'=0. Ecau cpena Henposopsimas, 1o j=0. ¥Ypasnue-
HuA MarHdatocTatuku (rot H=0, div pH=0) umetor Mecto
H B HenpoBozsue# cpeje.

Yenosue rot E=0 o3HauaeT, Kak 6blJIO OTMEYEHO BHIILE,
NoTeHIMANBLHOCTL BeKTOpa E, a ycioue div A =0, KoTopoe
HMEeT MecTo IpH p =const, O3Hayaer coOJIEHOHAANbHOCTD
BekTOpa H, T. e. cyulecTBoBaHHe BEKTOPHOro IoTeHuHasa A
Takoro, yto H=rot A, div A =0. Bektop A yznoBnerBopsier



16 rs. 1. BBENIEHUE

ypaBHenuto Ilyaccona AA=(—4mn/c)j. B camom mene, nep-
Boe ypaBHenue (11) naer

rot H=rotrot A=graddiv A — AAd= — AA = — (47n/c)).

HHTepecHble 3ajaul BO3HMKAlOT B CBSI3H C H3YUEHHEM
CTallMOHAPHOT'O pacnpelesieHHs TOKa B MpPOBOAAIUIEH cpene,
U3 ypaBHenuit Makcsenasna (11) caenyer 3akoH coxpaHeHHs
3/IEKTPHUECKOro 3apsija

div j=0,

K KOTODOMY CJeyeT MNPHCOeNHHHTb YCJOBHE NOTEHIHaJb-
HOCTH 3JIEKTPHUYECKOro MoJs, T. €. GopMysay

=—grad u. (12)

Mexny BeKropaMH IUIOTHOCTH TOKa j H HanpsKeHHOCTH
SJIEKTPHYECKOr0 MO/ CYLIECTBYeT CBfi3b. IJTY CBA3b BHIpa-
JKaet 3axkon Oma

Jj=oE, (13)

rae o — KoahduuueHT /JeKTPONPOBONHOCTH, KOTOPBIH fIB-
JAeTcs CKalsfpHOH (YHKUHEH x=(Xy, Xy X3), €CJIH IPOBO-
IMMOCTb CpeJbhl He 3aBHCHT OT HampaB/ieHus (cpela H30-
TPONHA MO NPOBOAHMOCTH); B NMPOTHBHOM CJy4ae O SBJAAETCS
TeHsopoM. M3 1Byx nocnemHux ¢opmya creayer: j=
= —ogradu. Orciona u u3 ¢opmyan divj=0 moayuaem
ypaBHeHHe Ana notenuuana: div (o grad u)=0, kotopoe B
pasaepay'rom BHJIE 3alHCHIBAETCH CJEAYIOIIHUM 06pa3oM:

2 0x1< i a}q) =0 B aHH30TpPOMHOH cpeJe,
Lij=1 .

3
2 %—( ) =0 B HM30TpoOmHO# cpene,

. 3
a2u o
Au= Z 5F=0 B OJIHOPOJHOH W HU30TPONHOH cpene.
X

i=1

Ha mpoBoasie# noBepXHOCTH TaHreHIHAIEHAs COCTABISAIO-
masi BEKTOpa 3JIEKTPHYECKOro MOJsi paBHa HYJIO, YTO 3KBH-
BaJIEHTHO [OCTOSIHCTBY INOTeHUHana: u==const (Kpaesce
ycJIOBHE NepBoro pona). B wactwocTH, Ha 3a3eMiIeHHON wie-
anpHO mnpoBoAswel nosepxHocTH #=0. Ha rpanuue npo-
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BOJHHKA C JIHU3JEKTPHKOM paBHa HYyJ10 HOpMaJjabHas COCTaB-

; ou
AAIOMAS MIOTHOCTH SMEKTPHYECKOTO TOKA, ja=-—0 3, T. €.
d
S=0 (Kpaesoe ycJoBHe BTOpOro pojia).

[Ipu u3yueHHH TeueHWH KHIAKOCTEH H rasop B MarHWTO-
THAPOAMHAMHUECKHX KaHasaxX, NP HCC/eOBaHHH MOBEJCHUA
HepaBHOBECHOH NJIasMBl B CHJIbHBIX MarHHTHBIX MOJSAX H AP.
BCTPEYaioTCsl CTAallHOHapHbIe 3a1ayl 3JIEKTPOAMHAMUKH B Orpa-
HHYEeHHOM O06BeMe, XapaKTepHoH# OCOGEHHOCTbIO KOTOPHIX
AapaseTcss O0GO6IIEHHEIH 3akoH OMa, BHIpaXKaloOWHA 3aBHCH-
MocTh BeKktopa J He Toabko or E, Ho u or H. 3amerum
npexje BCero, 4YTo B cpeje, ABUXKYIIEACH CO CKOPOCTBHIO O,
3akod Oma (13) mpuHuHMaeT BHI

j=0(E+[oH])). (14)

Eciu cpena ABHIKETCH CO CKOPOCTHIO © H YUHTHIBAETCHA Tak
HasbiBaeMblli sddexr Xossa, TO HMeeT MecTo 0GOOUIeHHbIH
3akoH Oma

J+1i@l=c (E+[oH), =B, (15)

rne P —mnapamerp Xoana, o> 0— koapdpuuueHT JEKTPO-
MPOBOAHOCTH.

Ecau napamerp Xoana f=0, to sr0 ypaBHeHue nas j
NepexoiuT B BhIPAXKeHHe 1/ OOblYHOro 3akoHa Oma B ABH-
XKyuleficss cpepe.

[TpennonioxeHue o TOM, 4TO TOKHM CMeUIEHHS H HHAYLH-
pOBaHHBIE MarHHTHBHIE NOJISI TMPeHeGPEKHMO Masibl, MO3BOJSET
CUMTaTh MAarHUTHOE MOJIe TOCTOSIHHBIM M 3aJaHHBIM.

IMpocTpancTBeHHOE pacnpesiesieHHe NPOBOAUMOCTH O, Mapa-
Mmerpa Xossa f u cKopocTH cpelnl © GyneM CuuTaTh 3ajaH-
HeiMH. B ofmem ciayyae 3T BeMHYMHBI HAXORATCS B Pe3yilb-
Tare pelleHHs JPYrHX ypaBHeHM{l, HanpuMep ypaBHEHHil
MarHWTHOH rasofMHaMHKH, 3aKOHa COXPaHEHHS SHEprHH
3/IEKTPOHOB H T. 1.

B nanbHelimeM OrpaHMYHMCS H3yueHHeM [BYMEpHOI
3ajayM, mnpejnoJarasi, 4To BeKTOpH j, E U © He 3aBHCAT
OT KOOpIAVMHATH Xz H JeXaT B OXHOH NJIOCKOCTH (X, X3),
TaK YTo

j::(]l-’ f2» 0), E=§EI’ EZ, 0)’ ?=(vly Ug,s O)q
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a MmarHuTHOoe mnose H u BekTOp Q NepneHUUKYJSpHH IJIO-
CKOCTH (X;, Xg):
H=(0, 0, H), Q=(0, 0, Q).

Bce ¢yukuuu jy, jy» Ep, Eg, U1, U, H, R 3aBHCAT TOJBKO
OT X1 H X;. B atoM cayuae ypaBHenus rot E=0, divj=0
H 3akoH Oma (15) umeloT BHR

OE; O, 0jy 4 Ois

B an T oy Ton

1+ Qja=0 (E1+v:H), j3—Qji=0(Ey— v, H).

3iech HamHCaHbl YeThipe ypaBHEHHS OTHOCHTEJNBHO YeThIpex
HeusBecTHHIX OyHKUMHA E;, E,, j; B jy; GyHKIHU vy, U,,
H, Q u ¢ aBJAIOTCA 3aJ]aHHBIMH.

PaccmorpuM 3TH  ypaBHeHHA B KOHeuHo#i o6mactH G
¢ rpanune#t I'. Ha Kpusoii I' no/kHbI GBITH 3alaHBH Kpae-
7 4 c [ BHE YCIOBHA. Paccemorpum  cate-

- T AyIOllHe KpaeBhie yCJIOBHS.

a) 3ajaHa HopMmaJibHas Co-
CTaBJISIIOLIAsi BEKTOpa MJIOTHOCTH
3JIEKTPUUECKOro TOKa, IpoTeKaro-
LIero yepes rpaHuLy:

] jn=g (s) Ha F,

A o ¢ g rie g(s)—3apaHHas QyHKUHA
Puc 1. JLJIMHBL OyTrH S, OTCUHTHIBaeMoH
OoT HeKoTropo# TOYkH Kpusoii T,
jn — MPOEKLHA BeKTOpa j Ha BHELIHIO HOPMaJb 1 K Kpusoit I'.
Cnyuait g (s) = 0 cooTBeTCTBYET HI€aJbHOMY IH3IEKTPHKY,
cayvail g (s) = 0 — «HaeabHO-CEKIHOHHPOBAHHOMY» 3/IEKTPOAY.
6) Hpyroii THN KpaeBOTO YCJOBHS COCTOHT B TPEGOBaHHH
HENpPEepHIBHOCTH TaHreHIHa/bHOH (KacaTeJbHOH) COCTaBJsIo-
meit E; BeKTOpa 3/IEKTPUUECKOro NOJISA Ha rpaHHulle pasjena
ABYX cpen. Tak, BIOJb CNJIOLWIHOrO HAEa/JbHO MPOBOASALIErO
3JIEKTPOJAa TaHTeHIHaJbHas COCTABJAMIAS SJEKTPHYECKOro
NOJIS paBHA HYy.JlO:

(16)

E1=O.

B oGuiem cayuae rpaHuua I' pas6ura Ha KOHEYHOe YHCIO
y4acTKOB Yz, Ha KOTOPBIX 3aflaHbl KpaeBble YC/IOBHS PasHy-
HOro THNa. :

B panbHefiweM Mbl npefnoJaraeM, 4to G — NpsMOYroJib-
HUK ABCD. TI'panuueii ob6nactu I' sBAAIOTCA HA€aNbHO
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JH3EKTPHYECKHE CTEHKH, 3a HCKJIOYeHHEeM JBYX 3JeKTPOJOB
abc AB u cd — CD, Koropeie sIBISAIOTCA JAHG0 UAEANBHO-
CEKUIHOHH POBAaHHBIMH (j,,;EO) JUGO HAeanbHO MPOBOAALIUMH
(Ex=0). U3 ypaBueHuii (16) crexyer, 4TO MOXKHO BBECTH
CKaSIPHYI0 QYHKIHIO @ (X3, Xp) M TOJIOXKHTD

99
axl,
a TaKkKe BEKTOP-PYHKUHIO (BEKTODHBIA NOTEHUHaN) P =
= (0, 0, ¥ (X1, Xs)) U NOJOKHTH

Eg__—a‘(g‘

=—grade wm E;=— 5%

J=roty wum =2 j2=—ia—ql.

=g %,
IMogcTaBasia 5TH BupaxeHus B 3akoH Oma (15), mosydum
g—;’i — %g— og;p = —0U,H,
op op P {17
a}]— -+ e g 'a—2== UUIH
I'pannuHOe yC/IOBHE j,=g (S) NMPHUHHMaET BUL

T—g0)

H 3KBHBAJIEHTHO YCJIOBHIO
Y (¥) |xer="(s)={ g (s) ds. (18)
Bwmecro E;=0 moayuaem 0¢/ds=0, oTkyna ciaenyer:
@ (%) | xer =const.

Cucremy IBYX ypaBHeHHH nepBoro mopsaiaxa Aas GyHKIu#H ¥
H ¢ HETPYAHO CBECTH NyTeM HUCKJIOYEHHS ¢ K OJHOMY ypaB-
HEHHIO BTOPOro mnopsinka AJas QyHKIHUH P:

—_ 9 (1 1 0y QW
L“p— axl(o Oxx) 0x2(0' axg) axl(o 6x2>+
Q o
+ 5% 9%y (? —“> =f,
9 0 .
=g (0H) + 5 (v.H) = div (H2).
Ilna sroro pocrarouHo yMHOXHTH ypaBHeHus (17) Ha 1/o,

npomuddepeHIMPOBaTh IEpBOE ypPaBHEHHE MO X,, a BTOPOE
ypaBHeHHe — IO X; W M3 NEPBOr0 PaBEHCTBA BHIYECTb BTOPOE.
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KpaeBoe ycnoBue P (s)=v(s) ocraercd B CHJe, a yCJO-
BHe @ (s)==const B cuay ypasuenuii (17), (18) nepexomur
B YCJOBHE C KOCOH NpPOH3BOAHOH

2o =ov,H. (19)

B camom nene, mycTb #2==(cOSs @, sin &) — e IHHUYHBIHA BEKTOP
BHEWIHEA HopMaau, a T=(—sina, COSa)— eIHHHYHBIH
BEKTOp, KacaresbHbii K KpuBoit I'. 3amerum cHauanaa, yTo
U,=7U; COS &+ U, Sin a,

o _ oy
on 0x

o

®»_ _ % sina 4 3% COS .
X3

9 0x
3arem yMHOXHM ypaBHeHue (17) na —sina, a ypaBHeHHe
(18) Ha cosa ¥ CJOXKHUM MNOJyYeHHble ypaBHEHHSI:

cos oc-}—a sina,

oy o % __
b;—}-Q&—og_cvnH.

Orciona u caenyer ycaoBue (19), ecau NONOKHTB @ (S) =
= const uian 0¢9/ds=0. Ecan napamerpbl ¢ 1 Q NOCTOSHHBI,
To ypasHeHue Lp=/[ nepexogur B ypaBHeHue Ilyaccona

AYp = — of.
Wirak, MH HMeeM CJeyIiOULYI0 KpaeByl 3ajauy:
- Ly=f npu x=(x1, X)) &G,
P()=v(s) Ha y, - (19)

N—I—Q —ov,,H Ha ¥,
npuyeM v; + v =T
PacemorpuM knace W dyHKuu# P, yIOBJIETBOPSIOUMX
oxHopoaubiM yciaoBHaM (18) waum (19), wam (19°).

Oneparop L, ompeneneHHblfl Bbiue, Ha Kiaacce ¥ ¢yHK-
UMl ) SABJIAETCH NOJIONKHTENbHBIM:

@, Lp)={ { oL dxy dxy >0
M BoOOlIe roBopsi, HecaMocompsikeHHsM, Ls=L*, T.e.
(b, L§) 5= (L, $)

s MoGBIX P, 1T) u3 V. 3ameruMm, OJAHAKO, YTN €C/JH TOKa
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Xosaa Her, T. €. =0, To oneparop L:
[p=—div (% grad 1})),

IBJISIETCA CaMOCONpsKeHHbIM, L=L*,
[TokaxeM, HampuMep, CIpaBelIMBOCTb COOTHOUIEHHSA
(p, Lp)>0. lna storo Bocnosnbsyemcs popmynamu I'puna:

. Lrp)=SGS 2 t(Rro)-

Y L EL prpr

0%, O \0x,

- SS-OI-V\pVTpdxldxz-l—SS (—i‘M"i 2% a"’)dxldx,+
G G

0x1 axg ax,; 0x1
+§¢ (%o us 20
[Mox 3HakoM HHTerpajga mo rpasune I' cTOHT ¢yHKnus

o(Z4e%®)=Fp),

KoTopasi ofpaulaercsi B Hyab, €CIH LAs ) H Y BLINOJHEHO
onHo u3 ycaosuit (18) mu (19), 1. e. Y u ¢ npuHaiiexar
kaaccy V. Tlosaras satem P=1 B ¢opmyae (20), cpasy
HoJTy4aeMm

b 9= § 51701 de dr = (v, Ly)> 0.
G

M3 dopmyasr (20) Takxke BHIHO, 4YTO

(b, L®)={ { Lvyvax an +

G

(b L9)={ § 579 V9 dx, dr, —

G
— SGS %(%,%‘E —gg%) dx, dxy,



e

22 rJ. 1. BBEJEHHUE

1. e. (¢, Ly)=(LY, ¥) TonbkOo npu ycrosuH
S S 94('}—"’-@1 — ztg9:"1>dxldx2=0,
g ,

[ axl axz aX2 axl

KOTOpOe BHINOJIHseTcs] B ciyyae Q=0.

3. Cratuka ympyroro TBepjoro Ttena. Ilon BiausiHMeM
IPHJIOKEHHBIX CHJ TBepJble Teja B TOH HJIM HHOH CTeNneHH
nedopMupyloTes, T. €. MEHSIOT cBOlo ¢opMy H o6veM. [Tycrb
X == (X1, X2, X3) — PAAUYC-BEKTOp HEKOTOPOH TOUKHM TBEpIOro
Tesa JO TOro, Kak K HeMy ObUIH IPHJIOKEHbl BHEUIHHE CHJIHI,
a x'=/(x1, x3, X3) — paluyc-BeKTOp TOH e MaTepHaJbHOH
TOYUKH mocsie MpujoxeHHs cuji. IlepememieHHe TOuKH npH
JeopMalyu XapaKTepu3yeTcs BEKTOpDOM #=x'— X, KOTO-
Pl HOCHT Ha3BaHHE 6eKmopa nepemeuyerus, KOMIIOHEHTHI
KOTOpOr0 pPaBHBHIL:

Uy (x)=x1—x;, i=1, 2, 3.

OueBuIHO, uTO nedOpPMHPOBAHHOE COCTOSIHHE TeJjla IOJI-
HOCTBHIO OITMCHIBAETCSl 3aJlaHHEM BEKTOpa IepeMeIeHHs s
KaXJof TOuUKM Tesa.

Jnsi BHIBOJA ypaBHEHHH, ONMHCHIBAOWIMX AehOPMHPOBAH-
HOE COCTOSIHHE TBEpIOro Teja (HaXojslierocs, IO IpeArno-
JIOXKEHHIO, B PaBHOBECHH), BBHIJEJNHM B TeJie NPOH3BOJbHBIM
o6beM V, orpaHHYeHHBbIH NMOBEPXHOCThIO S. 3amuileM ycJIo-
BHE PABEHCTBA HYJIO IJIaBHOTO BEKTOpA BCEX CHJ, AeHCTBY-
joiux Ha o6peM V. I'aBHbIfE BekTOp OGBEMHBIX CHJI paBeH

g;gpdv,

rne F=(F;, F,, F3) ectb cuna, JeficTByiolmlasi Ha eJUHUIY
o6beMa Tesa. [JlaBHBIH BEKTOp CHJ, NEHCTBYIOUIUMX Ha JLaH-
Heli 0GBEM uepe3 MOBEPXHOCTb S €O CTOPOHBI OKpYXKAIOMHX
o6beM V uacreil, paBeH

{£ds,

S

rae f=(f1, fo» fs) ectb cuma, jeficTBylollas Ha €RHHHIY
njomand. IIpupaBHUBasi Hy/I0 CyMMY [VIaBHBIX BEKTOPOB
OGBEMHbIX U NOBEPXHOCTHBIX CHJI, MOJIYYHM

§§§Fav +{{fas=o. @1)

1% S




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































