248 TEOPUS HOJS [ra. 6

OTKyZa

TapMonnyeckoft OyfleT ¥ QyHkuus T—=nT npu mobom dukcuposan-
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HOM T,, a CJAEAOBATEJNbHO, M Jai00ag auneHHas KOMOWHauusa BUAa
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npeicTapagomas coboff noTeHuManN, cO34aBaeMbIt CHCTEMOH TOYEUHBIX
Macc. IIpeneabHBI Mepexos OT TOUEYHOro pacnpefie/ieHUsl MacC K Hempe-
PHIBHOMY € TNJIOTHOCTbIO (X, y, 2), eCTeCTBEHHHIH 3fech € TOUKHM 3pe-
Hus ¢usuky, noTpeboBaa 6bl AAS CBOEro MaTeMaTH4ecKoro 000CHOBaHMS
NpYMEHEHUsS TEOPUH MHTerpajioB, 3aBUCAIMX OT TNapaMerpa, KOTOphHie
-Oymyt paccmorpenbt B rj. 10. CucTemaruueckoe M3nOKeHMe BCEro Kpyra
BONPOCOB, CBA3AHHHIX ¢ NMOHATHEM HNOTeHLMa/Ja, MMeeTcd B y4yeOHHMKAX MO
‘MaTeMaTHueckoH ¢usuke.

Ynpaxunenud. 1. Hamnumre norenumast moJasg TgroTeHus, cosja-
"BAEMOr'0 MAacCOM, HENpepHBHO pacnpefeeHHOM MO NMPOCTPAHCTBY € MJAOT-
HOCTBIO W (X, ¥y, 2). ’

2. Kakos norenuMan 3/1eKTPOCTATHYECKOI'O MOJS, CO3%aBaeMOro 6ecKko-
HeuHOH, DaBHOMePHO 3apsmKEeHHOH uuThio. DBygeT Jaum 9TOT mnoTenuuan
TapMOHNYeCKOH (yHKuMel?

§ 7. 3anuch ocHoBHMX AH¢pdepeHUHANBHBIX Omepaumuit
TEOpHH NOJIA B OPTOrOHAJbLHBIX KPHBOJHHEHHHLIX KOOpAMHATaX

1. IloctaHoBka 3apauM. Takye Be/MUMHBI, KaK rpajiueHT, OMBEpreH-
Mg, POTOP M APYrHe, 4aCTO BCTPEYAlOTC B DPa3JMYHBIX 3ajavyax Teope-
THYEeCKOH M MaTeMaTuueckoh ¢uavky. Bo MHOrMX C/Ayuasx nmojsesHO YMETb
3anmYCHIBATb 3TH BeJHUMHBI HE TOJLKO B AEKAPTOBLIX KOODAMHATAX, KAK 3TO
ObI0  CHENAHO BHIIE, HO M B TeX MM MHBIX KPHMBOJMHEHHBIX CHCTeMax
koopauxar. [Ipeinonomum, HampuMep, 4TO paccMarpusaercsl moje, obJa-
jamlulee chepudecKol cumMerpuelt, T. €. B KaXIOH TOUKe paccMaTpu-
BAeTCs BeJMuMHa, CKalsApHAad MM BEKTOpHAf, 3aBUCAllas TOJbKO OT pac-
CTOSHMS STOH TOUKM O Hadala KQopgMHaT. flcHo, uTo BCe Qopmyds,
CBA3aHHBIE C TAKMM NOJeM, [O/KHB 3HAUMTEIbHO YNPOCTUTLCHA, €CJaH
3aMMCHBATH HX B CQepuueckMx KOOpPAMHATAX, a He B NEKapTOBHX.
B gpyrux ciaydasx MoOryTt okasaTbCid YZOOHBIMHM Kakie-nu0O MHBIE CH-
CTeMbl KOOPAMHAT.

B asroM naparpade Mbl 3anuileM B KPHBOAMHeHHBIX KOOpAMHaTax
BhIpaX(eHNs AJst IpafyeHTa, AMBEpPreHuuu, PoTopa W omeparopa Jlamaaca.
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2. Kpusoauseiinpie OpTOroHaJpHHE KOOPAHHATHI B MPOCTPAHCTBE,
IpeanoaoKuM, YTO B TPEXMEPHOM TNPOCTPAHCTBE BBEJEHA HEKOTOpas
cHMCTEMa KPHBOJMHEHHBIX KOOPAMHAT ¢y, ¢y ¢3¥) H MyCTDH

=% 9 G3)» Y=Y G2 93)» 2=2(q1, ¢ q3) (6.33)

——cpopmymﬂ, CBA3BIBAIOIIME [EKAPTOBH KOOPAMHATH X, Y, 2 C KPHUBOJIHU-
HeHHBIMM KOODIMHATAMH §q, (5 (3. )

Mbl OrpaHMuMMCS TNPOCTEHLIMM M B TO e BPeMsl NMPAKTHYECKM HAM-
60Jee BAXKHBIM CJIyyaeM OPTOTrOHAa/bHBIX KOODAMHAT (CMCTEMA KPUBOJHU-
HeHHBIX KOOPAMHAT HA3bIBAGTCH OPMO2OHAAHCH, ecan B JTOOOH TOUKe
TPM KOOPAMHATHBIE JHMHMM, MNPOXONSALIHE YECPe3 3TY TOUKY, OPTOrOHAMABHBEL
Mexay coOo#t). CBOHCTBOM OpPTOroHa/lLHOCTH 06.1a5aioT, B YaCTHOCTH,
Takve ynorpeOUTe/bHbIe B NMPOCTPAHCTBE CHCTEMBI KOOpAMHAT, Kak cte-
puueckas ¥ LMAMHApUuEcKas.

HatizeM mnpexfge Bcero BhpaXeHWs [/ 3JeMEHTOB LJMHB, TJIOLIALW
¥ o6beMa B OPTOrOHAJbHLIX KOODIMHATaxX.
Iag aTo# ueanm paccmorpuM OeCKOHEYHO Ma-
ARl KPUBOJMHEHHBIH napaJjnenenunes, Bbl-
pe3aeMbii TpeMsi mapaMy KOOPAMHATHHIX NO-
BEPXHOCTEH, OTBeUaoIMUX COOTBETCTBEHHO
3HAuYeHUsIM TAPaMeTPOB ¢;, ¢, §3, PABHBEIM ¢,
n g +dqy go M gy+dgy g3 v g3t-dg;
(puc. 6.13).

PaccmorpuM chavana pebpo MM;. Tou-
ka M wuMeeT KPUBOJMHEHHBIE KOOPAMHATHI
(91 g9 g3), a Touka M| — KpUBOIMHEHHbIE
Koopiunate (¢4 dq. gy q3). OBosnauus Prc. 6.13.
IeKapTOBH KOOpAMHATH Toukn M wuepes
X, ¥, 2, a JeKapTOBbl KOOPAMHATH TOUKM M; —depes x +dx, y—+- dy..
2z—dz, MBI MOXEM HanMcaTh, 4YTO AaMHa dl; Bexktopa MM, pasna

Vdx*+dy* +dz*

Broar pebpa MM, xoopsunaTet x, y, 2 CyThb (YHKUMM NepeMeHHOH g
(¢o M g5 nocrosannb BEoar MM;). CrenoBaTenbHO, B JaHHOM cayyae

_ ox _ oy _ oz
dx—wdql, dy— 0[]1 dql’ dz—ﬁ-dtll

*) C noHsiTHEM KPHBOAMHEHHBIX KOOPAHMHAT B MPOCTPauCTBE Mbl Yie BCTpe--
yaauch B . 2. Mur Gyzem npegnosarath, 4to GyHKIHH, CBA3HBAIOLINE KPHBO-
AnHeHbIE KOOPANHATH C IeKapTOBHIMH, YIAOBJAETBOPSHIOT TeM YC.IOBHSM, KOTOpHIE
dopmyaupoBaiuch B rn 2 § 4. Jaa Oosbieidl cummerpun HopMyna mbl Oyaem
3nech 0003HAYaTb KPUBOMMHEHHble KOOPAMHATHl HECKOJMbKO HHaue, 4eM B [ 2,
a uMeHHO, OJHOM OykBO# ¢ nHuekcamu 1, 2, 3. AHaJAOTMYHO KOMIOHEHTH BEKTOP-
Horo moas A (B TOH cucteMe koopuuHat, kortopas OGyIer paccMaTpHBaTbes).
Mbl oGoanauum A, A, A
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_ [ 0x \? dy \? 0z \2
a =y (ar) + () +(55)
Ananornuno mas Aaaud dly n dly pebep MM, u MM, noayuaem cae-
LyiOllYe BEIPAXEHUS:

ady 0z \?
a=V (55:) + () + (55 o
R A R A
dl3——1/ (0’13) +(0113) +(EI:) dq3.
Beens o0603nauenus
. 0x \2 dy \2 0z \?
M“VEE%WWﬂ+kﬂ'
Ox \2 Jy \2 2
m=y (5) + ) + () (6.34)
dy \? 0z \?
H3——-l/ 0’13) (0113) +(0113) ’
nepenviiem dopmyan Gas dl, dl, u di; rak:

dl,=H,dq,, dl,=H,dg, dl=H,dqg, (6.35)

Muowwurean f,, H,, H; nasmBaiorcs napamempanu Jlans, orsevao-
WMMHM  KDUBOJMHEHILIM KOODAMHATAM ¢, (s @5 WX HasHIBAIOT TaKke
macumadnumg MHodxcumensmu. KoOpaHaTHBE JHHMM, BIOJb KaMIOH
M3 KOTOpPBIX MeHfeTCd TOJbKO OJMH INapaMeTp, cjelyeT NpeicTaBAsSTbH
cefe KaK KpHUBBIE, HAa KOTOpble HaHeCeHHl LIKaJbl 3HaueHUH 3THX napa-
MeTpoB. MHuoxurean H, H, H,; na aTHX xpuBHX Nnpeo0pasyloT «HeecTe-
CTBEHHbie» MapaMeTpH ¢i, §p» §3 B ECTECTBEHHbie» -— LJHHBL LYT COOT-
BETCTBYIOLUMX JIMHUH.

Hawa cucTeMa KOOpIMHAT OPTOrOHAaJbHAf, NOTOMY NJoWans dO;
rpann M M,N, M, pasra npousseiennio dl, Ha dls, T. e.

do, = HyH; dq, dgs;
.aHaJOTMYHO Aas nuowaned do, u do; AByx Apyrux rpanedt MM NyM,
u MM N;M, nmeem
doy,=HiH dq;dq, w do;=H Hydq,dyg,. (6.36)

Haxonen, o6beM Bcero paccMaTpuBaeMoro OeCKOHEYHO Majoro napaf-
JeJlenynesa paseH

dv = dl, dly diy = H,H,H, dq, dg, dq,. (6.37)

BrezeM B Touke M opTorosaibHuifi ¥ HOPMHPOBaHHbIH Ga3uc, COCTOALME
U3 TpeX efMHMYHBIX BEKTOPOB €, €p, €3, KacaTelbHHX K KQOPAMHATHLIM
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JAUHMAM, TpoxoisuiuM uyeped touky M. 3ameTuM, UYTO B OTAMYME OT
NeKapTOBOH CHMCTEMBl KOOpAMHAT, ONpeledeMOd TpeMs MNOCTOSHHBIMH
eIMHMYHBIME BexTopamu i, j, k, aToT Gasuc e;, €, e; OyZeT MeHATbCS
OT TOYKM K TOYKe, T. €. CaMM BEKTODH €, €,, €3 NPEeNCTaBJsIoT co6o#
QYHKUMY TapaMeTpoB ¢, ¢y ¢3. ITO HE MewlaeT HaM, OJHako, 060t
BEKTOp, 3aNaHHHIH B NpPOM3BOALHOH TOuKe M (T. e. mo6oe BEKTOpHOE
noJe), 3anucaTb B BUAE JMHEHHOH KOMOMHaUMM BEKTOPOB €, €, ej.

3. Unaunapuueckne H ciepuueckne KoopgHHATHl, BuiuucanM napa--
merpnt Jlams nas BaHeMIIMX YaCTHHIX THUIOB OPTOTrOHAJMBHHIX KPHUBOJIH-
HEHHBIX KOOpIOMHAT: LMAMHApHYeckOH M cepuueckolt cucreM. Uuaungpu-
Yyeckue KOOpIMHATHL F, ¢, 2 CBASAHB C JEeKaPTOBHIMH KOOPAMHAaTaMK
dopMy1amMu

X=rcosqp, y=rsing, =z.

Orcwona no ¢popmyaam (6.34) moayuaem
0x\? Oy \? 0z\? ——
le‘/ (—()r—) -+ (W) - (7;—) =Vcos? g Fsintp=1,

m=y (&) + (@) + (&) =VEEerreosi=r. { 659

eV T T Vi

Baarogaps ToMy uto napaMerpsi Jlama MMeIOT HeNmOCPeNCTBeHHBIH reoMe--
TPUYECKUH CMBIC/, DTH Pe3y/abTaThl HETPYAHO YCMOTPETb IeOMeTPHYECKH
0e3 BCAKMX BHUMC/IeHMH. PaccmMoTpuM GeCkOHEYHO Madbifl napanjieneny--
nef, OIPaHMYeHHbil TpeMs mapaMM KOOPIMHATHBIX TOBEPXHOCTEH, OTBe-
YaOIMX 3HAYEHUSM LMAHHIPUYECKHX KOODPAMHAT, CO-

OTBETCTBEHHO pPaBHHIM 7 W r—dr, ¢ u 9—+4-d¢, 2

w z2-4dz (puc. 6.14). Haunwm di;, dly u dl, pedep 2

AB, AC w AD »31oro mapaniesenunela COOTBETCT- gz

BEHHO paBubl dr, r d¢ u. dz, oTKyia cpasy caegyioT

dopmyan (6.38). A
AHaJOrMYHO 11 CcepHyecKUX KOOpAMHAT, 3a- ar
JaBaeMbiX PaBEHCTBAMM
x=pcosgsin®, y=psingsin, z=pcosH, g
Puc. 6.14.

BHIYUC/EHYE AaeT
Hy =1, Hy=p, H;=psin0. (6.39)

DToT pe3yAbTaT TOme BHIeH HeNOCPeNCTBenHO M3 4eprexa (puc. 6.15),.
Tak KaK RMMHH dl;, dl, v dl; pebep AB, AC u AD napainenenvnela,
OFPAaHMYEHHOrO KOODAMHATHHIMM NOBEDPXHOCTAMH, OTBEYAIOUIMMM 3HAdYe-
HHAM CEPHYECKMX KOOpAMHaT p U p—-dp, ¢ ¥ ¢+ do, § u 0446,
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'COOTBETCTBEHHO PABHLI
dp, pdd un psinOde,

OTKyJa cpasdy noayyaem (6.39).

4. I'papuent. Haltiem Boipaxkenne rpaiyenTa B OPTOrOHaAbHbIX KPHUBO-
AuHeHNBIX KoopaunaTax. ITpoexuns rpannenta pynkumn U="U (q,, ¢5. gs)
Ha HEKOTOPOe HAnpap/ieHMe COBMAjaeT, KAK M3BECTHO, C NPOUIBOJHOMH
or U no sroMy Hanpasiaenmio. CaejoOBATENLHO, NAA TOTO YTOGB BLIYM-
CIUTh KOMNOHeHTH BekTopa grad U B Gasuce e,
€,, €3 HYXHO BBLIYHCAMTH NPOM3BOAHHE OT U mo
HaNpasJeHUAM, ONpeleifeMbiM 3THMHM BEKTOPaMH.
[Mycte AU — pasnocts snavennit ¢ynkumn U B
Toukax M; u M. Torza

AU

(grad U, e)) == iu_y)xoml—:

Puc. 6.15. = lim AU 1 U .
dg,->0 ‘Hdgq, — H, 0q,

AHanoruuHo gBe Ipyrve KOMIOHEHTH TPafyeHTa PaBHbI

R/
Hy, 0qy H; ogs "’

"Takum 06pa3oMm, OKOHUATENBHO,

1 oU oU ou
gradU_Hl o 1+H r 2+H Jq; & (6.40)

5. JiuBepreHuus, BorumcauM Tenepb AMBEPreHLUMI0 HEKOTOPOro Bek-
“TOPHOTO MOAR A B KOOPAMHATAX ¢, ¢9, §3- B § 2 Mbl onpegeaunu div A
B Touke M dopmynon

PR 1
div A_QILmM———v(Q) fzfA,,do.

CienoBaTeAbHO, MH MOXeEM BLYMCAHTL div A B Touke M kak oTHO-
lleHHe NMOTOKA BEeKTOpPa A uepe3 NOBEPXHOCTL OECKOHEUHO MaJaoro mnapaf-
Aenenunela, nsoGpaxennoro Ha puc. 6.13, ¥k o6bemy dv arToro mapan-
aenenunena. O6osnaunm A;, A, A; KomnosenTs BekTopa A B Oasuce e,
€, €; (1. e. noxoxum A= Ae, 4 A,e,}- Aje;) u BHUMCAMM cCHauana
NOTOK 3TOro BEKTOpPA Yepes ABe I'PaHH, NepNneHguKyaspubie pebpy MM,.

Brewmsas nopmans k rpanu MM,N M, coBnagaer ¢ BeKTOpOM — €;
(BekTOp €, HanpaB/leH B CTOPOHY BO3pAcCTaHMs ¢y, 4 BHEIIHAA HOPMa/b-
K paccMaTpuBaeMoOH I'paHK uMeeT NPOTUBONOI0KHOE Hanpasaenue). Caeno-
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BaTEAbHO, MOTOK BeKTOpa A 4epes 3Ty rpaHb DaBeH (C TOYHOCTHIO 1O
6eCKOHEYHO Manbix BLILIE MEPBOro NOPALKA OTHOCHTENBHO dvU)

(A, —e))doy=— AH,H;dg, dgs,, (6.41)

tie peanuunnt A;, H,, Hj 6epytca B TOuKe (g;, ¢y ¢3)-
[Tporusononoxnaa rpans M N;NN, ornuyaeTca OT paccMOTpenHOH
TEeM, YTO Ha HeH mNepBas KPMBONMHeHHas KOOpAMHATAa paBHa ¢, —dq,
{a He @), cneloBaTenbHO, 3HaveHue BeanunmHsoi A Fl,FH; na sTOH rpaunn
OTIMYaeTcd OT ee 3Havenus Ha rpamn MM,N, M, npupamennem

0
N (A H,H,) dg,.

Kpome roro, nanmpasienwe HopMaam k rpann M;NyNN, cosnagaer
€ HampaBneHueM BekTopa e,. [I0o3TOMy mNOTOK BeKTOpa A uepe3 rpaHb
M N;NN, pasen

0
AHyHy A-—— (A HH;) dqy i dg, dgs. (6.42)
a9,

CnoxuB Buipawenus (6.41) u (6.42), monyuuM, 4TO MOTOK BekTOpa A
yepes ABe mapanfenbHble Mexay cobod rpanu MM,N . M; u M N,NN,
paseH

0
07, (A H,H3)dg, dg, dgs.
AHanoru4HO, paccMaTpuBas ABE APYrde Haphl NAapa/lfeNbHEIX MemLy

coOOi rpaHed, noayuuM chaelyiolive [Ba BHPAXeHHA [/ NMOTOKA Beg -
TOpa Yepe3 9TH NAPH IpaHel:

0 (A H HY) d (AH H,)
—_*‘f)q; —dq,dg,dg, w _—_ngl 2 dq,dq,dgs.
CxnanpiBag BCE T TPH BOJMUMHEL M Jeid HA dvU, NOJYYuM
- 1 0 (A H,H3) 0 (A H3H) 0 (A5 H )
d = [ - . 6.
ivA H H,H, 0q, + 0q, + 0qs l (6.43)

6. Porop. B § 4 Mm noxasanu, uro npoexuus (rotA), poropa Bek-
TOPHOro moag A B HekOTOpoH Touke M Ha HanpaB/ieHHe HEKOTOPOrO
(hUKCHPOBAHHOIO BeKTOpPa N HpefcraBasercd (Gopmy.1oH

(ot A),=1lim = [ A.al,
z>MC ;

rie X —NOUIAfKa, NepHeHAUKYAAPHad BeKTOPY N, ¢ — ee MJOWALb M
L — ee rpannua. CnegoBarebHO, Ml MOXEM NOAYYHTh MPOSKLUMIO rot A~
Ha HampaB/JeHWE BEKTOPa €;, BBIUMCAMB UMPKYAALMIO A BLOJAb KOHTypa
MMN MM (pnc. 6.13) n pasgeans ee Ha do;. [Ipexcrasum sty
UMPKYNALMIO B BMAE CYMMBEl YeThIpeX C/araeMbiX, OTBEYAIOIIUX OTpPe3KaM
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MMy, MyNy, NyMg w MM, u BelunCAHM KaXOoe ciaaraeMoe OTAENbHO.
Haunem ¢ mepsoro u3 nux. Tlpoekuus BekTOpa A Ha nanpasaenne MM,
paBia A, Cefo0BaTebHO, WMPKYAAuMA BekTopa A BRoas MM, pasna
(c TOYHOCTBIO 1O OeCKOHEUHO Ma/dbiX Bhille NEPBOrO NOpsAKAa OTHOCH-
TenbHO doy)

Aydly= AyH, dg,, (6.44)
rie Bedwunnel A, n H, Oepyres B TOuKe (¢, gy ¢3). Uupkynsums
B1OAb Ny M, OTaMuaeTCs OT TOMBKO YTO TOJAYUYEHHOI'O BBHIDAKEHHHA TEM,
uto Ha N Mj; TpeTbs KOOpAKHATA paBHA ¢3—-dg,, a He gj, kak na MM,,

W, KpoMe TOro, Hampasiehue orpeska N, M, nporusonoaomno Hanpas-
Aenuio e, TlosToMy wupkyasuus BRoab N M, paBua

0
— [ Aty + o (AsH) gy dgs, (6.45)

Ananornuno mnoaydaeM Aad uupkyisuumf Baoas MyN; u N;M Boipa-
WeHus

i}
[AaH 3+ o= (AsH) dgs) g, (6.46)

— Ayt dgs. (6.47)

Cnoxus Beanunnn (6.44), (6.45). (6.46) m (6.47), noayuum, 4ro ump-
Kyasuus BekTopa A BAoab kontypa MM,NN.M paBsna
__ 0(AHy) 0 (Afts)
“og, 2 dqs+ —5,— dgy dgy.
Ileas noayuennoe Bhipawkenue Ha H,oH,dg, dgs, T. e. Ha maowans rpa-
nn MMyNM;, noayyaem, uto koMmonenTa (rot A); BekTopa rot A B na-
npaB/enny Ga3UCHOIO BeKTOpa €, paBHa

1 [ 0(Auly) _ 0(AH))
HyH, { 0q, 0qs } (6.48)
AHaIOTMYHO BHIUUCAAIOTCA ABE€ APYrHE KOMMOHEHTHI:
__1 (A ) _ 0(AH)
(rot A)y= HyH, { ogs 04, }’ (6.48)
1 0(AHy) _ J(AH)
(rot A)y =3 Hz{ = Ly (6.48,)

7. Oneparop Jlanaaca. Hcxoms u3 nalileHnbnX  Bhipawenuft nns
grad U u div A, MB MOXeM HamMcath BhipaxeHue onepatopa Jlamaaca
B KOODAMHATAX ¢, Gy g3 TlONyuaem

—tivgrad U |0 (1 )
AU =divgrad U= H HyH, { 0q, ( Hy odq, =+
O (MM oUN 0 (_H__I_Hz. ﬂ)} 6.49
+ ugs ( H, 0"12)+ 0q; Hy  0q5/)° (©-49)
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Oty ¢opMyay OuYeHb JETKO 3amOMHUTb, €C/lM 3HATh ee <IPOHCXONKAEe-
nue». MHoxuremn Jlams H,, H, H, B 3naMenateasx npu 0q,, 0¢,, 0q;
BO3HMK/IM M3-3a TpadmueHta. Muoxwurean HyH, H H,, HH, B uucnnte-
J9X BO3HMK/IM M3 TIOmafed Tex IMOIALOK, Yepe3 KOTOPHE BHUMCIAAETCS

NOTOK, MHOXUTEND

F}fi’zh’a BO3HMK 13-3a TOrO, YTO MOTOK uepe3 rpaHu
napanielenynena AeanTcA Ha 00beM Napajiesenunena.

8. 3anuce OCHOBHHIX ¢hopMYJ B LHJIHHIDHUECKHX H cdepHue-
CKHX KoopauHarax, DBeime, B m. 3, Mul yxe namau napaMetps Jlams
JJA UMAMHEPHYECKNX 1 cepuueckux KoopaunaT. HToOb HamucaTh B 9THX
cucTeMax KoopauHaT (OpMyanl OAsS TpajiMeHTa, OMBepreHums, poTopa
u omeparopa Jlamnaca, HYXHO [WIilb NMOACTaBUTh 9TH NAapaMeTpel B NoO-
Jyyehnbie Bbillle o6lime ¢opMynbi. TakuM 00pa3oM, HaxoauM:

a) 0an uu/luﬂdpuuecxux KOO pounam:

1 oU

gradU— r+r O(P <P+ 02 €,
1 d(rA,) 1 04, 04,
divA=+—% ++ o9 oz '
104, 04, ) 04, 04, )
f°*A=(7W 3z ) & (“07— e +

r or r op
1 0 oU 1 0U U
37\ 57) o

6) 048 cgﬁeputtecxux Koo pounam:

(l I(rdgy 1 oA,) )

AU=

1 oU ou
grad U = dp &+ o 08 &+ osine psme “0p e
1 0(pA4) 1 d(sin9A 1 0A
divA =~ %) | 28 94) __ @,
02 do psin© 00 psind oy
1 ( 0 (Atp sin 8) 04,
otA=Tsmel T — dcp)ep+
+( 1 _O_Ai_l d(pA(p))e +(L d(pAe)_L OAD)e
psine O0p p  Op o p Op p 00 /"%
0 (4 0U 1 0 (o o dU 1 U
AU = - p2 Op (p 0p)+ p’sin® 79-(8”16 09)+ p?sin?d og?

B sapauax, cBasannbix ¢ paccMoTpennem oneparopa Jlanaaca B cde-
PHUECKHX KOOPAMHATAX, YACTO HAPALY ¢ MOJAHLIM oneparopom Jlanmaca AU
BCTPEUAETCS BBIPAKEHHE

1 0 .. ()U) 1 0*U
—_—— = S —_— — —————
p?sin® 00 ( 0 08 + p?sin®§ o2 '

Ha3biBaeMOe «yr.iosoft uwacrsio» oneparopa Jlannaca.
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3ameuanune. B asrom mnaparpade Mbl cucreMaTHUeCKM NO/b30Ba-
AUCh TAKMMK TOHATHAMH, KaK «BecKOHeYHO Mainfl napaigelenunens,
«37eMenT 06beMa» M T. 4. $ICHO, uTO 34ech, KaK u B Apyrux mopo6-
HBIX C/IY4aAX, CMBICA 3THX BHIPAXEHMH COCTOMT B TOM, 4TO MBbl paccMmar-
puBaeM CHauana OODBEKTBl KOHEUHBIX Da3MepOB, a 3aTeM coBepliaeM
npele/bHBIH Mepexon, CTPeMA 3TH pa3Meph K HYA0. Mbl noJaraeM, uTo
NpH IKeMaHu| YNTATeNb MOXET NpPOJEeNaTh CaMOCTOATENbHO BCe Te Tpe-
IedbHble TiepeXONH, KOTOPHE 34eCh Auilb MOAPA3yMeBadHCh, HO He M3na-
rajuchb.

§ 8. llepemeHHBe HOJA B CHJOUIHBIX cpenax

Ilo cux mop M, M3yuag Te MM MHBIE' NOAA, HUHTEPECOBAMUCH B OC-
HOBHOM 3aBHCHMOCTLIO COOTBETCTBYIOLIMX BedMuMH (CKAMAPHBIX MM BCK-
TOPHBIX) OT MPOCTPAHCTBEHHHX KOOpAuHAT. Ceffuac MBl paCCMOTPHM He-
KOTOpLIE BONPOCH, CBA3aHHBIE C 3aBUCHMOCTLIO MOJAA OT BpEeMEHH.

1. JlokaapHass M MaTepHaJnpHas HpOH3BOxHbIe, PaccMorpum ABu-
KYIYIOCA KUAKOCTb, CKODOCTH KOTODOH B KaXXAOH TOuKe 3aBHCHT He
TOMBKO OT KOOPAMHAT 3TOH TOukM, HO M OT BpeMenu. Ilycrtb, naaee,
€ 9TOH MMAKOCTBLIO CBA3aHA HEKOTOpas NePeMeHHad BEAMYMHA (p, HANPH-
Mep TeMnepaTypa, SaBiAeHue u T. m. Vayuag naMenenue 3TOH BeamumHb @
C TeueHHEM BpEeMeHM, MBI MOXeM NOCTyNaTb ABOAKHM O6DAa3oM: uam c.e-
IWTb 33 ee u3MEeHeHWeM B JAHHOH TOuKe, T. €. NpH PUKCHPOBAHHBEIX
3HaueHMaX X, Y M 2, WM Xe paccMaTpHBaThb 3HAUEHHE 3TOH BeJMUYMHBI
Laa BaHHOH uacTulbl (KOODAMHATHL KOTODOH MEHAITCA € TedeHueM Bpe-
Menn). HanpuMep, ecam peub WAET O TeMNepaType NOTOKa MMIKOCTH,
TO €€ MOMKHO H3MEPATh TEPMOMETPOM, YKPEIIEHHHM HENOABHKHO, HIH
K€ TEPMOMETPOM, KOTOpBIfi TMAEIBeT B 3TOM mnoToke. Maumenenne ¢ Te-
ueHMEM BPEMEHM HEKOTOPOH Beawunnbt @ (M, ¢) B manno#l Touke M xa-
PaKTepU3yeTCa TaK HA3BIBAEMON #acmuOfd uau £0KAA5HO0UE MPOH3BOLHON
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NpH BHYMCAEHHM KOTOpPOH Touka M paccMaTpuBaercd kak ¢ukcupo-
BaHHaA.

MaMenenne ¢ TeueHweM BpeMenu Bejmumnnl @ (M, £) pna  panno#
YaCTHUB XaPAKTEPUSYETCA NOAHOL WM MamepuaLbHoll npou3BOAHOH
¢ (M, t) no ¢, xoropas onpefe/seTcs CAeAYIOLMM 06pa3oM.

TMycte M — nonoxeHyue JAHHOH uacTUUB B MOMEHT £, a M’ —no-
JAOKe(He DTOH e vacTHUB B MOMeHT f-+Af. TTonano#l mpoussomHo# @
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