Jlekuma 2

OcHoBHble rnnoTtesbl MCC: runoTesbl CNOWHOCTU, METPUYHOCTH,
HenpepbIBHOCTY.

O6Lwue onpeaenexHus nepemeLleHnii; aedopmMannm; ABUXKEHMS.
Moaxopn Onnepa v JlarpaHxa.

CkopocTb.

Cy6cTaHumoHanbHas 1 nokansHas Npou3BoaHasl.

MHOrOKOMMOHEHTHbIV KOHTUHYYM. AOAUTUBHOCTEL Macchl. MNapuunanbHblie
NMOTHOCTU Y MacCoOBbIE KOHLEHTPaLUK.

MpuHUMN NokanbHOWM cynepnosuumu.

MpuHumn HanpsbkeHnn Kowmn n Snnepa.

BekTop HanpshkeHui. TeH30op HanpsikeHun. HanpsikeHHoe COCTOsIHME B TOYKE.
PasnoxeHne TeH30pa HaNpPs>KeHUst Ha LLIAPOBYIO U AEBUATOPHYHO YacTy.
[MpaBnno 3Hakos.

Nekuna 2

Mocne BBeAEHNS MOHATUS O NOKanbHOM PaBHOBECKUM Mbl MOXXEM ONMUChLIBaATb
rnoBefeHUe cpeq (MaTtepuanoB), HEpaBHOBECHbIE COCTOSIHUS U MPOLLECCHI C
MCTONb30BaHNEM MOJIe8bIX NepeMeHHbLIX — CKanspoB, BEKTOPOB, TEH30POB.
Y706kl ONncaTh NX 3BONOLMIO C MOMOLL b0 AU depeHUMarnbHbIX YpaBHEHUIA B
YaCTHbIX NPOU3BOAHBIX, ByAEM OCHOBbLIBATLCS HA COBMECTHOM MPUMEHEHNM
3aKOHOB TepMoanHamukm 1 MCC

OCHOBHbIe TMNoTe3bl

B ocHoBe MCC nexuT pag sKkcrnepuMeHTanbHbIX (0akToB, KOTOPbIE MOXHO
CchopMynMpoBaTh B BUAE OCHOBHbIX TEOPEM U TMMNOTE3

1. Funome3sa cnnowHoCcMU rNAacuUT: TeNo MOXHO NPUGIIMKEHHO paccMaTpuBaTh
Kak cpefy, 3anofHsIoLLYH0 NPOCTPAHCTBO CMOLWHLIM 06pa3om. ITo nossonseT
1cnonb30BaTh annapaT TEoOPUM HEMPEPbIBHbIX (YHKLWIA, B TOM YnUChe,
avdbdepeHumansHoe U MHTerpanbHoe UCHUCIEHNE.
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1 cm8 Bo3ayxa = 2,687°10'° monekyn i,k  eanHMuHBLIE OpTOroHaNbHLIE BEKTOPHI
YacTuubl HaXoAATCA B MOCTOSSHHOM XaoTU4ECKOM ABUKEHUN
R:X1i+X2j+X3k (1)
-6
X . =1692 wml/c

Iy ~11,2:107% cm (v) ¥ = xji + xpj + 13K (2)
lp~65107° (v)=425

1 Monekyna 3a 1 c crankvBaetcs 6,54°10° pa3

CnepoBaTtenbHO, TENO MOXHO paccMaTpuBaTb Kak cpeay, 3anoJiHALWYH
NPOCTPAHCTBO CNJ1OLWHbIM o6paaoM

Kn:£<<1
L

2. BTOpaFI rmnoTesa 3aKrn4yaeTca B TOM, 4YTO B paccMaTtpuBaemMoM NpocTpaHCTBe
onpeaeneHbl pacCToOAHUA MeXay TOYKaMy, T.e. 3TO npocmpaHCcmMeo sisjissemcs
Mempu4eCcKuM. I'Ipmmep TaKoro nNpocTpaHcTea — 006bl4HOE EBKNNAOBO
NPOCTPaAHCTBO, TOYKM KOTOPOro 3agarTca C NOMOLLUbIO ﬂeKapTOBOVI CUCTEMBI
KoopauHaTt

X;,x;,i=12,3 KOOpAUHATbI TOUYEK
s=l@-X )P+ (- xF — @)

paccToaHne mexay AByMA TakMuMn ToO4KamMu

PeanbHoe NPOCTPAHCTBO ABNAETCA €BKNNAOBbIM, T.€. BCerga MOXXHO BBECTU
0EKapToBy CUCTEMY KOOpAMHAT.

Onpedenum deghopmauuro cpedbi Kak
HenpepbiBHOE NpeobpasoBaHue,
nepeBogsiLLee BeLecTBo obnact B
BellecTBo o6nactu V'

Takas gecdbopmauust n obpatHas en
onucbiBatoTCs Npeobpa3oBaHUsSMM

r=r(R), R-R() @ ‘




3. [Ona Toro, 4yToGbl TakMe npeobpasoBaHus OGbiNM KOPPEKTHbI, TpebyeTcs
NpYMeHUTb  a2urmome3y  HenpepbI6HOCMU, COINacHo KoTopon  nobGas
dedopMauuss  MoxeT  BbiTb  onuWcaHa  OAHO3HAYHLIMU  HempepbIBHbIMU
npeobpa3oBaHUAMU, UMEIOLLMMU HEMPEPbLIBHLIE NPOM3BOAHbLIE HYXXHOMO NopsAaKa.

,qeu»(eHue HenpepbleHoﬁ cpedbl MaTeMaTn4eckn onucbiBaeTca HenpepbiBHbIM
npeo6paaoBaH|/|eM TpexXMepHOro eBknnuaoBa NpoCcTpaHCTBa B caMoe cebs.

Ecnn gBmxeHne onvcbiBaeTcs B npﬂmoyroanoﬁ ﬂeKapTOBOVI cuctemMme KoopauHar,

TO npsiMoe

r= r(R,t)

1 obpaTHoe )
R =R(r,?)

ﬂpeO6p830BaHVIF| SABNAIOTCA OBMKEHMAMM, €CNN AENCTBUTENbHbIN napameTp t
COOTBETCTBYEeT pealibHOMY BpeMeHMN.

Takum obpasom,
deuxxeHue ecmb 0OHoMNapamempuyeckoe cemelicmeo deghopmayulii.

4. [1ns onucaHnsa KMHemaTyK1 CNIIOLWHOW cpedbl Ucnonb3yoT dea Memooda,
BOCXOAdLLME K MMeHaM JlarpaHxa v Junepa.

|. KoopanHatbl X, Bektopa R oTHOCATCA K MatepuanbHOM ToUKe («4acTuue») B
HenpepbIBHOW cpefe. JTo - MamepuarbHoe, Uuiu cybcmaHyuoHalbHoe onucaHue

Il.Cvctema oTcueTa Habnogatens (HenoaswkHas). KoopavHaThl X, BekTopa r
onpeaensioT TOYKU eBKNMAO0Ba NPOCTPaHCTBA, HENPEPbIBHO 3amM0ofHEHHOro
MaTtepueir. Takoe onucaHue HasbiBakT MPOCMPAaHCMEEHHbIM

Ckopocmb «4acTuubl» R

v= (%) , v=v(R,) (6) YcKopeHue:
R ov
a=—= a(R,t)
Mpwn nomoLm 06paTHOro NpeobpasoBaHNs MOXEM 3anmcaThb ot
v=v(r,t) (7)

,D,OI'IyCTI/IM, YTO KaXgon Touke NPOCTpaHCTBa OTBEYakT B KayeCTBe NapamMeTpoB
onpeneneHHble CKandpHble, BEKTOPHble WU TEeH30pPHble BeNnM4YuHbI, Hanpumep,
NNOTHOCTb BellecCTBa, NJIOTHOCTb J3JIeKTPUYECKOro 3apsana, BEeKTOpP CKOPOCTH,
TEH30p Hal'lpﬂ)KeHI/IVl W T.0. Omu eenuquHbl S6rs1tomcs d)yHKL{UFIMU KOOanHam u

5 8peMeHU U Ha3bl8aromcs rosiesbiMu 8esiuquHamu. 6
A - nponsBonbHas nonesast BeNMYMHa MHOrOKOMMOHEHTHbIA KOHTUHYYM
B cnyyae narpaHxeBa onMcaHus umeem
p(r,t):d—M: lim — (13)
A= AR,¢) (8) dV  Av—0 AV
[Mpn annepoBOM onucaHun umeem
" ’ A= A(r,t) 9) M(t)sz(r,t)dV (14)
- 9
V
CoxpaHeHune macchl npu gedopMaLmmn anemMeHTa Macchbl:
d4 (04 _DA_ . Cy6cTtaHuuoHansHas .
Avdeperiumpyem dr (5) D (10) npouseogHasi dM =po(rs10)dV =p(r,t)dV" = const (19)
no BpeMeHM R
(aR/a[) =0 i a N3MeHeHWe B eAUHULY BpemMeHu niobon M= J.pOdV = IpodV = const (1 6)
A A nonesow BeNUYNHbI CKnagblBaeTcsa U3 *
(11) E = (5) +v-V4 TIOKanbHOro U3MEHEHUs! 3TOM BeNnUUHbI B 4 v
r TOYKE W KOHBEKTMBHOIMO U3MEHEHUS ,
B cnyyae, korga nonHasa macca eCTb CyMMa MacC XMMUYECKM pearnpyowmnx

CBA3AHHOrO C nepemMelleHnem aneMmeHTa
Macchbl

T.e., npu narpaHXeBOM ONMMUCaHUM 3TO NPOCTO YacTHasi NPOU3BoAHas No BpeMeHu, a
npu 3ﬁﬂepOBOM — noABnsAeTcA KOHBEKTUBHAA cocTaBnsowasn 7

KOMMOHEHTOB n
MpuHUMN aaAUTMBHOCTH M :ZMk (17)
k=1
pule)= M My (0= [Pl )V, k=t2em(8)
V




3akoH n

coXpaHeHust p= Z Pr (18)
Macchbl =l
n
Ck:&k:de 1:ch (19)
p dM =

[BMXKEeHUS 3NEeMEHTOB MacCbl MHOTMOKOMMOHEHTHOMO KOHTMHYYMa OMNMChIBaOTCS
C NOMOLLBI0 YHKLMN

r=r(Ry,t) (20)

MHAMBMAyaanbIe Vi 2(@) s k= 1,2,...}1 Vi :vk(Rk’Z)
CKOpoCTU ot R,

C noMmolLblo 06paTHoro npeobpasosanus R; =Ry (r,¢)

Vi = vy (1) (1)

5. MNons CKOpOCTeVI KOHTUHYYMOB, COOTBETCTBYHOLLUME OTAENTbHbIM KOMIMOHEHTaM,
He ABMAKTCA He3aBUCUMbIMU OPYT OT gpyra. OHun onpenenarT CKOPOCTb LUeHTpa
MacC KOHTUHYyyMa. OTO ecTb Tak Ha3blBaeMbIN npuldyun JI0KanbHoU
cynepno3uyuu, KOTOprVI O3Ha4aerT, YTO CyMMa nHanBmayanbHbIX JTOKasibHbIX
nromHocmel nomoka mMacchbl, onpepgendaemMblX paBeHCTBaMiu

Jg(r,t):pk(r,t)vk(r,t) (22)

[OMKHa ObITb paBHa noKanbHOM NNOTHOCTU NOTOKa Macchbl KOHTUHYYMa,
onpep,enﬂemoﬁl pPaBEHCTBOM

J(r,t) = p(r,t)v(r,t) (23)

n n
pv:Zpkvk, V:ZCkvk (24)
k=1 k=1

NHauBMAayanbHble CKOPOCTU PasfMYHbIX KOMMOHEHTOB Cpebl MaKpOCKOMMYECKM
NpoABNATCS B ABNEHNUAX Anddy3nm

Wi =V —V (25)
_ _ 10
Je=pewi =pr(Vi —v)=J3 —pxv  (26)

=3, +ppv (27) 10

Cymmupyem J =pgw; No BCcEM k

Zn:Jk =Zn:Pka =anpk(vk—v)50 (28)
k=1 k=1

k=1

[MonHoe nameHeHne BO BpeMeHn I'IpOVI3BOJ'II:HOIZ NnoneBov BENMYNHbI BCreacTeme
WHONBMAOYanbHOIo ABUXEHNA k-ro komnoHeHTa

d(;‘t)A ( aA)

v VA (29)

r

1"

Teopus HanpsbkeHUN U gecopmaunmn
B KOHTUHYanbHON MeXaHuKe

6. MpuHyun HanpsixeHul Kowwn — Onnepa:

B kaxxgom nonepe4yHoM ce4eHnn, MbiCIIeHHO NpoBeeHHOM BHYTPU Terna, uMeeT
MEeCTO B3aMMOLENCTBME CUI TAKOro Xe XapakTepa, Kak n pacnpegeneHHbIX no
NOBEPXHOCTUN Harpy3ok

[enictBre yactn A B Touke O Ha
s 4 yacTb B MOXHO nNpeactaBuTb

"| BEKTOPOM cuIbl 6P 1 B 00Lem
, cnyyae BeKTOpoM MomeHTa oM.

-

Bektop p"= lim — (1)
HanpsHKeHUi 5A—00A

OA — anemeHTapHas nrnowagka,
cogepxallas Touky O 12




P, 3aKkoH HbloToHa:
p=-p" (2)

N3 BECKOHEUYHOro MHOXXECTBA BEKTOPOB
HanpsXeHU, NPOXOAALLUNX Yepes
BbIAEMEHHYIO TOYKY, He3a8UCUMbI MOJILKO 3

Bce ocTanbHble MoryT ObITb

BblYNCMEHbI, eCrn B Touke O (X3)z G,y
N3BECTHbI BEKTOPbI HAMPS>KEHWA Ans p”
Tpex B3aMMHO OpPTOroHarbHbIX
nnoLaaoK, MPOXOAALLMNX Yepes 3Ty y (X5)
TOYKY - . 0A O
n n n TZ)C
P1 >P2 5P3 Tzy
“x(1)
B cBoto ovepeb, KaXablii U3 BEKTOPOB HaMpsiKeHU MoXeT ObITb pasnoXeH

Ha TP COCTaBNALMX: OAHY HOPMarbHYIO 1 ABE KacaTenbHbIX 13

YacTto NCMNONb3YKT UHbIE 0003HayeHust o

__n‘.— —
o, /—*On
,D,eBFlTb KOMMOHEHT TeH30pa £ X < On
HanpsiKeHWn MoryT BbITb = Il
npeacTaBneHbl MaTpuuen | + [ oz
op ¥ %12 |ogy
Gl O12 O13 ZER
3
G21 GC22 023 ®) X3

031 ©O32 033

I'IepBbu7| MHOEKC Y KOMIMOHEHT TeH30pa COOTBETCTBYET HOMEPY KOOp,D,VIHaTHOVI
NMOBEPXHOCTH, BTOpOVI — HanpasleHuo OencTeus.

G11,022,033 €CTb HOpMarlbHbl€ HAaNpPsXXeHnsd
G12503250135.« KacCaTellbHbl€ HAMpPs>KeHUs T115722,T33

Ona NMPOnN3BOJIbHOIO BEKTOpa Hal'lpﬂ)KeHVIVl pn , ,D,eVICTByPOLIJ,eFO Ha
AneMeHTapHyro nnowanky, cnpasennBeo:

n n n n
P =ep| +eypy +e3p3 4)
e =i; e;=j; e3=k
n=eyn +e)n, +e3n, (5) 14

Haﬂpﬂ)KeHHblM COCMosiHUeM B TOYKe Ha3blBaeTCA COBOKYMHOCTb Hal'lpﬂ)KeHI/IVl,
,D,eVICTByFOU.WIX No BCEBO3MOXHbIM nnowagkam, nposegeHHbIM Yepes3 3Ty TOUKY.

9 KOMMOHEHT TEeH30pa HanpsKeHUi B 3-X B3aMHOOPTOrOHasbHbIX NioLlaakax,
NPOXOASLLMX Yepes BblAENEeHHYH TOUKY, MOMHOCTLI0 ONPEAENnsT HanpsXKeHHoe
cocTosiH/e B 3TOM Touke. Pacnonaras sHaYeHUsIMU KOMNOHEHT TeH3opa
HanpskeHuin o, i,j=1,2,3 , MOXHO BbIMUCIINTL HANPSHKEHMS Ha Nio6O
nnowagake, NPoxoasaLlen Yyepes 3agaHHyo TOUKY.

Myctb py",p,",p3" Npoekumy NonHoro HanpskeHnst P™ Ha ocu koopauHat ==
n
P1 =011 + 021 + 01373
n
P2 =0p1n +0p0ny +023m3 (6)
n
P3 =031/ + 030 + 03373

n,,N,,N; — HanpasnAoLWMe KOCMHYCbl HOpManm
3
n . n_
P = oy j=123 () pnw P =oyn;  (8)
i=1

MoBsTOpsAOWMINCSA nHAeKE (i) Ha3blBaeTCca HeMbIM (NOACTaBHLIM); MO HEMY naeT
CyMMUpoOBaHue. HenoBTopsitowmincs MHAeEKC (j) HasblBaeTcsl c80600HbIM 15

Camble NnpocTbie onepauyun C BEKTopaMum U TeH3opaMu:

A BEKTOD C KOMMOHEHTaMU 4 4 4,
PasnoxeHnne no 6asucy: A= Aje) + Ayey + Azey

YMHOXEHWE Ha YiCrO: o =const, OA=ode +ode; +adre,
CroxeHune BEeKTOPOB: A+B=(4+B))e;+(4y+ By es + (43 + B3 Je3

YMHOXeHWe TeH30pa Ha YnUCro aT= {ale}
CrnoxeHue TeH30poB T= {Tl}, S= {S,-j}

T+S:{T;] +SU}

16




PasnoxeHwe TeH30pa HanpsaxeHuin

O6wwnin cnyqaﬁ HanpsA>XeHHOro COCToOAHNA MOXHO NpencTaBuUTb B BUAE CyMMbl
OBYX HAaNPAXeHHbIX COCTOSHWIA:

(o)) 0 0
WWiapoeoii meH3sop 6p=10 oy O 9)
0 0 (o))
1
cfoig(cuﬂfzz +033)=-p (10)
S S12 13
JHeeuamop meH3sopa S=lsa 523 53 (11)
HanpsixeHul . . .
$31 S 833
$ij =0jj ~ 008 (12)
iz 511=011-00
ij:{o’ i . (13) 12 =012
....... -

Jto6oW TEH30P MOXXHO
npeacTaBuTb B BUAE
CyMMbl CUMMETPUYHOTO

1 0 0
EQVHMUHLIA TeHsop  8=|0 1 0|, S=S%+8¢ VW HECUMMETPUIHOTO
0 0 1

TeH3opHasa 3anuce: c=—-pd+8S =c'+8

TEH30pOB
. 1 ) ) .o
CUMMETPUYHBIV 1 } 8% :E(S” +8 S5 = ;.l., i,j=1,2,3
AHTUCMMMETPUYHbIN 1
- a” j— . .
TEH30pbI: 8% = _E(S’j —Sﬁ), Si? = —S_?i’ i,j=1,23
0 -s¢ s4 OTOT TEH30P MOXHO
XapakTepu3oBaTb
a _ a _qQa
§7=| 5 0 Si BCEro Tpems
a a
-5 0§ 0 BeNUYMHaMU:

Sa 7Sa Sa 7Sa Sa 7Sa
S0 = 232 2 go- 312 (ER - 122 21

aHTVICVIMMeTpW-IHbIVI TEH30p 3KBMBAlIEHTEH TaK Ha3blBa€éMOMY akCcunaribHOMY
BEKTOpPY C KOMMNOHEHTaMun

Sf, 85, 8% 18

ﬂpaeuno 3HakKoes:

HanpaXeHna — NoNoXnTernbHble.

Pacmsieusaroujue HOpPMaJibHbIe Hanpsi>xeHus 6y/:1eM cynTaTb
NONOXUTENbHbIMU, CXXUMarwue — oTpulaTeribHbIMU.

3Hak kacamesnbHbIX Hanpﬂ)KeHuH CBA3aH C HanpasJieHUAMN ocemn KoopAauHaT:
€CInn BHeLWHAA HopMalib K AaHHOW nrnowjagke coBnagaeTt C HanpasneHnem
COOTBeTCTByFOLLI,eI;I KOOp,D,I/lHaTHOVI OCW, TO Ha 3TOM NNoLlaaKke KacaTernbHble
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