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B ABHHoH pa6oTe rosopHTCR o6 OAHOM nOAXOAe K cne~HanbHO~ 

TeopHH OTHOCHT€!1bHOCTH /CTO/, no cy~eCTBy nOACK838HHOM Do6a-

4€BCKHM. 
no6a4€BCKH~ paCCMSTpH88!1 reOM€TpH~ H€ TOflbKO B 4HCTQ no

rH4€CKOM acneKT€, HO 3S60THJ1C~ VI 0 ee npHJ10~€HHRX K $H3HK€, 

acTpOHOMHVI H MexaH~t~Ke. OH aasell\a.n 111: 110cTasa.nocb 6bl HCcneAo

saTb, KaKoro poAa nepeMeHa npoH30HAeT OT sseAeHH~ soo6pa~ae

MO~ r €0M€TPVIJ.II B MeXSHI-1Ky 11 • 

noHRTHO, 4TO T€0P€TV14€CKaR M€X8HHK8 on~~tpaeTCR H8 Y4€HVI€ 

o npocTpaHCTBe J.ll speMeHH. TaK, 4To6~ c¢opMynHposaTb aaKoH~ 

pbi4Sra ApXt.1M€AS VI P83BHTb HS 1.1X OCHOB€ CTSTHKY, nOTpe6oaaJ10Cb 

nocTPOHTb reoMeTpH~ EaK.nHAa. B APYrOM pasAe.ne MexaHHKH -

8 KVIH€MSTVIK€ - KpOM€ €8KJ1HAOBOH reOM€TPHH noTpe6osa.nOCb 4€TKO€ 

npeACTaaneHHe o speMeHH. no Hb~TOHy, a6co.n~THOe apeMR - He 

4TO HHoe KaK npeAMeT .noHrHM€TPHH EsK.nHAa, a6co.n~THoe *€ npo

cTpaHCTBO - npeAM€T eBKI1HAOsoH cTepeoMeTpHH. HeyAHBHTe.nbHo, 

4TO reoMeTpH~ Hb~TOH C4HTa.n 4aCTb~ MexaHHKH. 

HaPRAY c a6co.niOTHbiM, noKORW.HMCR npocTpaHCTBOM HbtOTOH pac

cMaTpll1aa.n H OTHOClr1T€J1bHbl€, T.e. npoH3BOJ1bHO ABVI~Y~HeCR npo

CTpaHCTBa. npeAnO.naraeTCR - nOA4€PKHeM 3TO, - 4TO B npo4ecce 

ABHm€HVIR paCCTORHVIR M€~AY T04K8MVI OTHOCHTe.nbHOro npOCTpaHCTBS 

H€ MeHRIOTCR. KHH€MST!11K8 He OTJ1VI48€T, K8KOe H3 HbiOTOHOB~X npo

CTpaHCTB ABH*eTCR, a KSKOe nOKOHTCR. TaKOB npHH4Hn KHHeMaTH-

4eCKOH OTHOCHT€nbHOCTH. 

C KHHeMaTH4eCKOI:i OTHOCHTeJ1bHOCTbiO CB.A3biBSeTCR napa 06"beK

TOB, 38ABHH~X H8 npOCTpaHCTBeHHO-BpeMeHHOM MHOroo6pa3HH: KO

BeKTOPHO€ no.ne ()a H T€H30PHOe none g af3, YAOBJ1eTBOpRIOW,He yc

J10BVIRM 

gaf3 = g (3a • /1/ 

Ec.nH x 0 = t - speMR "" x 1 = x, x 2 =y, x 3 = z - AeKapTO.Bbl Koop

Alr1HaT~ a OAHOM H3 HbiOTOHOB~x npocTpaHCTB /o6oaHa4HM ere N /, 

ro nonaraeM e 0 = 1 , 8 1 = 0, 8 2 = 0 , 8 3 = 0 , g af3=o, ecn1-1 a 1: {3 , {3 

gOO = 0, gll, 1, g 22 =1 , g 33 =1. 3TOT BHA K03(f>Cf>VIL.tHeHTOB ()a \.11 ga 

coxpa~ReTcR npH nepexoAe K n~6oMy APYrOMy Hb~TOHOBY npocrpaH

CTBy N. npHH~Hn KIIIHeMaTH4eCKoH OTHOCHTe.nbHOCTVI OnHpaeTCR H8 

nOHRTHe a6COI110THOfO epeM€Hlr1, nOCKOJ1bKY 

• 



8dxa~dt. 
a /2/ 

06beKTbl ()a J.1 gaf3 38CJ1y>t<HBSIOT nplo1CT8JlbHOrO BHHM8HJ.1f!o nycTb 
Tenepb 

x• • a ~ 11, 2, 3} , 131 

K8KHe-nl-16o APYrJ..1e, Heo6R3aTe!1bHO .QeKapTOebl, KooPAI-1HSTbl a N. 
TonbKo s CHny /2/ H3 /1/ nony4aeM 

!4! 

!51 

a npocTpaHCTBeHHo-epeMeHHOM MJ.1pe. Ecm1 noTpeOoeaTb, 4To6bt !lH-
HeHHaR cJ>opMa () dx a, (J di'a B HOBbiX KOOPAI-1H8T8X COXP8HI·1J18 a a 
BHA /2/, H8AO 6yAeT no.no~HTb 

X 0 "" x 0 + canst, /6/ 
4TO Mbl "' He npeMHHeM c,QeilaTb. B TaKOM cny4ae, no.Qo6Ho Jl~f, 
gof3~ g {3o~ o. 

PaccMoTpl-lM TeH30PHbtH aaKoH npeo6paaoeaHHR KoMnoHeHT BToporo 
o6ceKTa: 

f mn ¢a¢ {3 g m n 
n=l 

rAe ¢~ - 48CTH8.A npm13BO,QH8fl OT ¢YHKL.4HJ.1 /5/ no apryMeHTY X Jl. 
B cornaon1 c BbtwecKaaaHHbtM nony4aeM g0f3= 0 npH a =0 H ga0=0 
npl-1 f3=D. B OCT8JlbHbiX CJ1Y48RX B npeo6pa30B8Hio1H 

3 3 
-g ab = '<' '<' gmn ¢rna ¢ b b 11 2 3 J 

m :1 ,;:1 n ' a, ~ ' ' ' 171 

KOOPAHH8T8 epeMeHH Y48CTByeT BCero nHWb B Ka4eCTBe napaMeTpa. 
KoMnoHeHTbl g a.b TeHsopa gaf3 CB.A38Hbl c MeTpH4eCKo~ ¢opMoi1 

3 3 
~ ~ h (x 1,x 2 ,x 3 ) dx•ctxb /8/ a= 1 b=l ab 

/9/ 

b ~· ~ 0 npH a= H u b -- npH a f b. 
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<l>yHK'-'~1\.1 

xa::o4>a (t,x1,x2,x3), a.; 11,2,31, /10/ 

!.13 COBOKynHOCTitl /5/ BbtpamSIOT 38KOH ABHmeHHR npocTpSHCTBa N 
no OTHOWeHHIO K npOCTPSHCTBy N npl-1 YfllOBI.-1!.1, '-ITO 8e.m1'-III\Hbl i a 
RBJlFIIOTCR TSK\.1MI-1 )f(e KOOPAitiHSTSMI.-1 8 N, KSKiifMH FIBilfiiOTCfl BeJli.·1' .. H1Hbl 

X a B N. TO'-IHbl\:1 CMbiCJl :nora yCilOBII\fl COCT0\.1T 8 CileAYIOil\eM. nyCTb 

gab - 143BeCTHble ¢lyHKLH"'H f ab(x ! , X 2 , X 3 ) . T e )f(e CSMble cf}yHK'-'HI--1 

OT apryMeHTOB /10/ CYTb fah(X 1 ,i2 ,i' 3 ). B COOTBeTCTBI--11-1 C 3a

KOHOM npeoOpa~osaH~~tR /7 I ¢YHKU.I-11-1 I 10/ AOil}I(Hbt 6btTb TSK!IIMI.-1, 

'-IT06bl BblnOJ1HRI10Cb paBeHCTBO 

3 3, mn ( 1 2 3 a 1 2 3 b 1 2 3 
:£ 2: f X , X , X ) ¢ (t, X , X , X ) ¢ (t, X , X , X ) 

m=l n""l m m /11/ 
ab ~ 1 ~ 2 3 

~ f (X , X , X ) . 

t1HS'-Ie rosopR, npOCTPSHCTBy N COOTBeTCTByeT Kp!IIBSR B rpynne 

VI30MeTpHI:1 npocTpSHCTBa N. npocTpaHCTBO N KSK 6bl npoKilSAbtBaeT 

nyTb a 3TO~ rpynne. 

HTaK, no OTHoweHI--110 K 06DeKTSM ()a \.1 gaf) Bee HbiOTOHOBbl npOCT

paHCTBa PSBHbl - B 3TOM CYTb KHHeMST!II'-IeCKO~ OTHOC!IITeJlbHOCT!II. 

OOpaT!IIMCFI Tenepb K AVIHSMI-1Ke. 0Ka3anocb, '-ITO"' A~-'~HSMHKa 

Hb!OTOHS He 8 COCTORHVII-1 OTJllti4STb HeKOTOpbte 1-13 OTHOCV!TeJlbHbiX 

HbiOTOHOBbiX npOCTpSHCTB OT a6COJ110THOrO HbiCTOHOB8 npoCTPSHCTBS. 

CaM >Ke Hb!OTOH Bbteen cneACTBVte 121 : 11 0THOCHTellbHbte ABa.-t}l(eHa.-tfl 

APYr no OTHOWeHHIO K Apyry TeJ1, 3SKJ110'-IeHHbiX 8 KSKOM-JlVI60 npOCT

paHCTBe, OAVIHSKOBbl, noKOHTCFI 11111 3TO npQCTPSHCTBO VIJlVI ABVI}I(eTCR 

PSBHOMePHO H npRMOJlVIHeiliHO 6e3 epa~eHa.-t.R 11 • 

3TO CileACTBHe B03Be!11-"1 8 npHH'-'Vtn \.1 CTSJ1H H83biBSTb cneu,lt1SJ1b

HbiM npltlHU,I"'nOM OTHOCitlTeJlb HOCT\;1. 

nocKOilbKY a6COJliOTHOe npocTpSHCTBO OK83SI10Cb Ha.-t4eM He BbtAe

JleHHbiM CPeAt-1 HbiOTOHOBbiX npoCTpSHCTB, ABH}I(Yll.\HXCA PSBHOMepHO 

1t1 npAMOJ1HHeiliHO 6e3 BPSil\eHitlA, TO BCe TSKitle npOCTPSHCTBa, 8KJ110-

4SR VI a6COJliOTHOe, CTSJlvt OAI-1HSKOBO H83biBSTb rSJ1Y!J1eeBbtMYI 

npocTpaHCTBSMVI, 4T06bt nOA4epKHYTb 3SCl1yrH ram1J1eR 8 CT8HOBJ1e

Hitlltl nplo1HU,!IIna YIHeP'-'"'Itl" YTBeP*AeHVIe >Ke HbiOTOHa o CYil\eCTBosaHitlltl 

a6con~THOro npocTpSHCTB8 CTSfl14 nOHVIMSTb KaK YTBeP*AeHHe 0 cy

ll\eCTBOBSHitlH rafll-'tJleeBbiX npOCTP8HCTB, B KS*AOM \.13 KOTOPbiX OAH

HSKOBO B~nOflHR~TCR 3aKOH~ MexaHitlKH Hb~TOHa. 

Bp~A Jlltl Hb~TOH, *HBWH~ 38AOI1ro AO no6a4eBCKoro, COMHesanCR 

B TOM, '-ITO 8 npocTpaHCTBe, HS3BSHHOM HM a6COfl~TH~M, 38KOHHa 

eBKI11-1A088 reoMeTpHFI. 0AHaKQ OK838fl0Cb, '-ITO eCllH HSCTSHBSTb Ha 

>KeflSHHH, '-IT06bl OAHO H3 Hb~TOHOBbiX npoc...-paHCTB Ae.:icTB!I1TeJ1bHO 

BbiAeilAJlOCb C TO'-IKVI 3PeHHFI MeX8H!I1K!11 /a TOLIHee, C T04Kio"' 3peHYIR 

AVtHaM\;1KH/, TaK, '-IT00bl era C nOJlHbiM npaBOM /AJ1R MeXSH\;1Ka/ MO)f(HO 
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6biJ10 H83bi88Tb af5COJ110THbiM, TO 8 3TO npOCTpSHCTBO /a CI1e,Q08a
TeJ1bHO, ~ B KS~,QOe HbiOTOH080 npOCTPSHCT80 8 OT,QeJ1bHOCTH/ BMec
TO €BKJ1H,Q080~ reoMeTp~~ HS,QO BBO,Q~Tb reoMeTpHIO no6a~eBCKOrO. 

4TO npH TaKoH 38MeHe e8KJ1H,QOBOH reoMeTp~~ HS reoMeTpHIO no-
6a~e8CKOrO HapywaeTC.R cne~Ha.nbHbiH npHH~Hn 0THOCHT€JlbHOCT~, no
HHTb HeTPY.QHO. ~eHCTB~TeJ1bHO, ec.n~ - 8 I1Y4WeM C.ny~ae - O,QH8 
H3 TO~eK OTHOCHTe.nbHOrO npOCTPSHCTBa paBHOMepHO ,QBH~eTCH nO 
HeKOTOpoH npHMOH L a6COJ110THOrO npocTpaHCTBS ~ ec.n~ OTHOCHTe.nb
HOe npocTpaHCT80 He spa~aeTC.R BOKpyr OC~ L, TO BC.RKS.R TO~Ka 
OTHOC~TeJlbHOrO npoCTPSHCTBa, He .ne~a~a.R Ha L,P88HOMePHO ,Q8~
~eTC.A no 3K8H.QHCTSHTe c 6aaoH L. nocKo.nbKY s reoMeTpHH no5a
~escKoro 3KBH,QVICTSHTa He .RBJl.ReTC.R np.RMOH JlHHHeH, TO 8C.AKSH 
TOl4K8 OTHOC~TeJlbHOrO npoCTPSHCTBS, He Jle)f(a~a.R HS L, ,Q81.1)f(eTCH 
c ycKopeHHeM. 

~TSK, 8BO,Q.A reoMeTPI-110 no6al4eBCKOro 8 K8)1(,QOe 1.13 HbiOTOH08b1X 
npocTpaHCTB B OT,QeJlbHOCTI-1 ~ npo,QOJl)I(S.R Cl4HT8Tb, 4TO BP€M.A a5co
JliOTHO, Mbl H36as.n.AeMC.A OT cne4HSJlbHOrO npi-1H4Hna OTHOCHTeJlbHOCTVI, 
O,QHSKO npo,qo.n~aeM npH,qep)I(HBSTbC.A npHH~Hna KHHeMaTH~eCKOH oT
HOCHTeJlbHOCTH~ Ha,QO TOJlbKO C41.1TSTb, 4TO ¢opMa /8/ HBJl.AeTCH 
MeTpHl4€CKOH ¢OpMoH npoCTPSHCTBS no5a~e8CKOrOo 

4T06bl no11y4HTb MeTpHY€CKyiO ¢opMy npOCTPSHCTBa no5a4€BCKOrO 
8 c¢epH4€CKI-1X KOOP.QHHSTSX r , 0 , ¢, HS,QO 3HSTb, l4TO ,QJlHHS 

OKpy}f(HOCTH pa,QHyca r paSH.A€TCR 

l~i?aksh'-, /12/ k 

r,qe k - xapaKTepHS.A ,QJlVIHS, onpe,QeJ1.AIO~a.R KPHBH3Hy npoCTpSHCTBa 
no5a~eBCKoro. MeTpH4ecKa.A ¢opMa /8/ npi-1HHMaeT BH,Q 

dr 2+ (-~-) 2(cte2+ sin20dp2) ~ 
2rr 

~ dr2+ k2sh2.!:.._(d0 2+ sin20d¢ 2 ). 
k 

8 HOBbiX KOOP.QHHSTSX 

x = k sh.!... sinOcos¢, 
k 

y = k shl... sinO sin¢, 
k 

~OpMa /13/ paSHReTCR 

4 

dx 2 + dy 2 + dz.2 -
2 (xdx + ydy + zdz) 

k2+X2+Y2+Z2 

dx 2 + dy 2+ dz 2 - du 2 , 

/13/ 

z=ksh: cosO /14/ 

/15/ 

/16/ 



/17/ 

TaK!IIM o6paaoM Mbt nplt1Will-1 K V1HTepnpeTaL4Ht.1 reoMeTP!-11-1 no6a4eBcKo

ro Ha r111nep6ono111Ae nyaHKape. 
8 KOOPAIIIHSTSX X 1= X, x 2 = y, X 3 = Z, x 4 = U ,QB!II>t<€Hlr1e HbiOTOHOBS 

npocTpaHcTea N 3a,QaeTc~ a BIII,Qe 

-i 
4 

i n 
X ~ :1: f (t) X , i ~ ll ,2,3,41, I 18/ 

n=ol n 

rAe f ~ (t) - npeo6pa3oBaHI-1e JlopeHu,a, npoH3BOJlbHO 3as~-tC~Ll.lee aT 

speMeHI-1 t. 
Mo>t<Ho,OAHBKO,!IIHa4e sseCT!II reoMeTpHIO Jlo6a4eecKoro a MexaHIIIKy. 

06pan1MCA ,QJl.R 3Toro K noHRH110 ~t~Hepu,l4ailbHoH C!IICTeMbl ., Knacc ra

Ili-1Ileeebtx npOCTP3HCTB, CKOPOCTI-1 KOTOpbiX cosna,QaiOT, HS3bi83€TCA 

!IIH€PLJ,!II3IlbHOi:1 CIIICT€MOi1. ~H€PU.!IISilbHSA CIIICTeMa !11306pamaeTC.R B npo

CTP3HCTBe-speM€Hl.o1 CBR3KOi1 napaJ1Jl€IlbHbiX np.RMbiX. 

TaK BOT, 8 M€X3HI-1K€ HbiOTOHa MHO>I<€CTBO V YIH€PL.4J.18JlbHbiX C!IICT€M 

RBnfleTc.R TpexMePHbtM npocTpaHCTBOM EeK11vtAa: sa pacCTORHvte Me>K

AY ,QByMR VIH€PltVIBJ1bHbiMVI CVICTeMBMIII npvtHYIMaeM MOAYI1b VIX OTHOCH

T€I1bHO~ CKOpOCTvt. 

HaAO CKB3BTb, 4TO npOCTPaHCTBa, OT11V1l!Hbl€ OT npeAM€TS KJlac

CV1li€CKO~ reoMeTpvtvt, CTa11vt pacCMBTPVIBBTb 80 MHOrOM 6narOASPR 

paapa6oTKe vt,QeH, nopomAeHHbtx co3AaHI-1eM reoMeTpl-1vt no6a4escKoroQ 

npe,QMeT reOM€TPV11t1 OKa3a11Cfl npaKTH4€CKI'l He0603PV1MbiM, TBK 4TO 

lt1 CaMa M€XBHV1Ka /8onpel<vt npvtse,QeHHOMY 8btWe MH€HVIIO HbiOTOHa/ 

8APYr ollyTvtnacb 8 ero cocTase. HanpvtMep, Ha MexaHit1Ky MaTepvtanb

HoW T0l!Kit1 CTaJllt1 CMOTP€Tb KSK Ha T€0PVIIO MVIPOBbiX TPB€KTOpvtt';1 -

KPIIIBbtX J1V1Hvti:1 8 4€TbtpeXM€PHOM npOCTpaHCT8€HH0-8P€M€HHOM Mlt1p€. 

0THeceM Tenepb eonpoc Do6al!escKoro He K HbiOToHoey npocTpaH

CTBY N, a K npocTpaHCTBY vtHepttvtanbHbiX cvtcTeM V. KaKoro }!{€ po,Qa 

nepeMeHa npOV130i1,QeT, €CJ11t1 8 npoCTpaHCTB€ V1H€PltVIBJlbHbiX CltiCT€~1 

BMecTo esKnvt,Qoeo~ reoMeTplt1vt eeecTvt reoMeTpl-110 Do6alleecKoro? 

0Ka3btBB€TCfl, liTO 8P€Mfl n.oTepAeT a6COJliOTHbl~ XapaKTep: 8 Kam

AOM ra11vt11€€BOM npOCTPBHCTBe 6y,QeT C06CT8€HHbli1 XOA Bp€M€HVI. 

Hvtr<aKvtX HbiOTOHOBbtX npocTpaHcTs I KpoMe, pasyMeeTcfl, ram·1neeBblx/ 

H€ OCTaHeTCR, a CJ1€,QOBaTeJ1bHO, HapywvtTCR nplt1HUV1n KvtHeMaTvt-

4€CKOH OTH001T€JlbHOCTI-1. 8M€CTO KOB€KTOpa 0 VI BbiPO}!(,Q€HHOJ'O 
~ a ap 

T€H30pa ga 110A8ATCA gsa H€Bbtpmt<,Q€HHbiX T€H30pa Oa~ V1 g , 

YAOBneTeopA1011\I-1X ycnoBit1RM 

a{1 (1a 
g ~ g . /19/ 
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Ecn~-1 x 0 = t - epeM.A 1-1 x l = x, x 2 = y , x 3=z - AeKapTOBbr r<oOPAHHaTbr 
B OAHOM 1-13 ranHneeBbiX npOCTpaHCTB, TO 

e dxadxi'l~ dt 2 - - 1-(dx 2+ dy 2 + dz 2 ). afl k 2 /20/ 

4TO r<acaeTCR cne4HaJ1bHOrO npi-1H4Hna OTHOCI-1Tel1bHOCTH, TO no 
CMWCJ1Y eonpoca OH, I<OHe4HO, COXP8HHTC.A, OAHar<o OTHOCHTeJ1bHa.A 
CKOPOCTb Me*AY HHep4H8J1bH~MH CHCTeMaMH 6yAeT orpaHH4eHa 3Ha-
4eHHeM k -xapaKTepHOi:1 Al1R reoMeTpl-11-1 no6a4eBCKoro BeJ1H41-1HOH, 
8brwe ynoMHHa8weHcR. PaccTORHHe s IHaabr8aeMoe 6btCTPOToHI Me*AY 
A8YMR HHeP4HaJ1bHbiMI-1 CHCTeMaMI-1 C8R3aHO C HX OTHOCHTeJ1bHOi:1 cr<o
pOCTb~ V ¢opMynoi:1 

L=th~. 
k k /21/ 

0AHHM CJ1080M, eCJ11-1 C4HTaTb I<OHCTaHTY no6a4e8CKOrO k pa8HOH 
cr<opocn1 ceeTa c lcTporo k=c I, TO npHXOAHM K cne4HanbHOi:1 
TeOpHH OTHOC~TenbHOCTI-1 ICTOI, pa381-1TOi:1 nopeH4eM, nyaHKape, 
3i:1HWTei:1HoM H APYrHMH. 

npa8Aa, HHI<TO 1-13 OCH080nOI10*HI-1K08 CTO He ynOMHHan 0 reo
MeTpHI-1 no6a4e8CKOro, 803MO*HO, He *el1aR 3aTeMH.ATb J.1 6e3 TOrO 
TPYAHYIO TeOpH~ CCbiJ1K8MH Ha reoMeTpl-110, XOTR H nOJ1e3HYIO, HO TO)f(e 
TPYAHYIO.C MeTOAH4eCKOi:1 CTOpOH~ Tar<oi:i npHeM MO*eT 6~Tb onp88AaH, ecnH HMeTb 8 B1-1AY 4HTaTen.A, He 3Har<oMoro c reoMeTpHeH no6a-
4e8cr<oro, TeM 6onee, 4TO ''aoaapeHHR Ha npocTpaHCT80 1-1 epeMR, 
aAeCb paa8HBaeMble, 803HHr<nH Ha onbtTHo-¢H31-14ecr<oH no4ae'' I MHHKOBCKI"'H 131 I, a He a peaynbTaTe nocTaaneHHoro 3AeCb ao
npoca. 

PaayMeeTc.A, cTaHoeneHHe CTO eo MHoroM oaHa4ano /HeaaBHCHMO 
OT OTHOWeHH.A 8BTOPOB K 3TOMY 80npocy/ n08TOPeHHe npOi:1AeHHOro 
no6a4eBCKHM 1-1 APYrl-lMI-1 nyTH. HanpHMep, B KOOPAHH8TaX 

v = kthL.sin8cos¢, v =kth..!...sinOsin¢, v X k Y k Z 

6eJ1bTP8MI-1 141 nony4HJ1 BbiPB*eHHe 

th.!. ~ 
k 

= kth..!...cose 
k /22/ 

/23/ 

AJ1R p8CCTORHI-1.A S Me)f(AY ABYMR T04K8MH 8 npOCTPSHCTBe no6a4eB
CKOrO. B ¢opMyne 5enbTpaMH /23/ HeTPYAHO ycMoTPeTb Bblpa*eHHe 
AJ1R OTHOCI-1Tei1bHOi:1 CKOPOCTI-1 A8YX HHeP4HaJ1bH~X CHCTeM B CTO. 

npH3HaHHe reoMeTpHH no6a4eBCKOrO npHWJ10 B KOH4e 60-x rOAOB 
npownoro CTOJ1eTio1.A. TOrAa C8epWHJ1CR BOHCTHHy pe80J1104HOHHbli:1 ne
peeopOT 8 M8TeMaTH4eCKOM MbiWJ1eHHI-1, HeCOMHeHHO, OK8388Wio1i:1 C80e 
BI11"1RHHe 1-1 Ha coaASHHe CTO. 0 He06btKHOBeHHOM ene4aTneHHYI, r<o-

6 



Topoe npo~t~3seno :no eo6biT~t~e, ee~t~,qeTenbeTsyeT ene,qy10L41-1i:1 oTpbl

soK 1-13 poMaHa ,QoeToescKoro 11 5paTbfl KapaMa30Bbl 11 • BoT '-ITo o6bAc

Hfln CTO neT Haaa,q ~BaH KapaMa36B csoeMy 6paTy AneKeeiO: 11 Ecn~t~ 

6or eeTb Ill eCill-1 OH ,qeHeTBJIIT€1lbHO C03,Q8!1 3eMI110, TO, K8K HSM 

eoeepWeHHO I-13BeCTHO, e03,Q8!1 OH ee no eBKillti,QOBOH reoMeTpl-11-1,8 YM 

I.I€!10Bel.leCKJIIH C nOHAT~eM I1~Wb 0 Tpex H3MepeHHflX npOCTP8HCTBS. 

Me>K,QY TeM HSXO,Q~J1HCb H HSXO,QATCfl AS>Ke Tenepb reoMeTpbl H $HJ10-

CO$bl, Vl ,Q8>Ke 1-13 38M€1.1aTeJ1bHeHWHX, KOTOpble COMHeBSIQTCA B TOM, 

I.IT06bl sefl eceneHHafl ~t~n~ ,eL4e o6w~t~pHee - see 6biTHe 6bi!10 co3,QaHo 

!1~Wb no eBKI1H,QOBOH reoMeTpHH,OeM€I1HB810TeA ,QS>Ke Mei.ITSTb,I.ITO 

,QBe napan.nellbHble J1HHHI-1, KOTOpble no EBKJ1HAY HH 38 '-ITO H€ MOryT 

coHT~t~Cb Ha 3eMne,Mo>KeT 6btTb ,.~t~ cown~cb 6bl r,Qe-H~6YAb a 6eeKo

He'-IHOeTH11. 

K ~Heny reoMeTpOB, oeMeJ1~t~Baaw~t~XCfl CTOJ1b peBOJ110~HOHHO Mei.I

T8Tb, OTHOC~TCfl nyaHKape • Pa3BH88fl TeOPI-110 ¢yKCOBbtX rpynn, 

a 1882 ro,Qy OH n~t~ean /5/: 11 .R He Mary yMo.n'-laTb o CBA3~ npe,qwecT

BYIOLL4HX nOHflT~H C HeeBKJ1H,QOaoi:1 reoMeTpY!eH no6al.leseKoro11 • H ,Qa

nee: 11 Ec.n~t~ np~HATb 3TYI nepe~MeHoBaHHA, TO TeopeMbl no6al.les

CKoro aepHbl, T.e. K 3THM HOBbiM B€I1H~HHSM np~t~.naraiOTeA Bee TeQ

peMbl 06blllHOH reoMeTPHI-1, 38 HeKJ1101.1€HH€M TeX, KOTOpbte ABJlAIOTeR 

ene,QcTa~eM nocTynaTa EsKn~t~,Qa. 3Ta TepMHHonorHR MHe oKa38!1a 

60I1bWHe yenyr~t~ 8 MOHX ~3biCKSHHflX, HO fl, I.IT06bl H3fierHYTb BCR

KOH HeAeHOeTH, He 6y,Qy ee 3,Qeeb ynoTpe6!1f!Tb 11 • 

AnA ene~~t~an~t~eTos, 3HSIOLL4HX reoMeTpHIO no6a1.1eacKoro, CBA3b 

CTO c 3TOH reoMeTp~t~eH, KOHei.!Ho, He Morna ocTaaaTbCA TaHHoH, 

1-1 y>Ke s paHHHX pa6oTax 38Mel.lanoeb, '-ITO a ocHose CTO ne>K~t~T reo

MeTp~A no6a'-leBCKoro. CM. o6 3TOM 0630Pbl IB,?/ .OTMeTHM 3,Qeeb c.ne

AYIOutHe pe3y!lbT8Tbl. KneHH IS! ,QOK838J1, '-ITO rpynna nopeH'-'a H3o

MOP¢Ha rpynne H30MeTp~t~H npoeTpaHeTaa no6al.leBeKoro. B CBR3H 

e 3THM CM. ¢opMyny /18/. KOTe!lbHHKOB/~/ H8 OCHOBe npoeKTYIBHOH 

reoMeTpHH noeTpOHil npoCTpaHeTBO CKOPOCTeH, 3KBH88J1€HTHOe pac

eMOTP€HHOMy 3,Q€Cb npoeTp8HCTBY HHep'-'¥18J1bHbiX eYieTeM. 0H noKa-

38!1, '-ITO a MexaH~t~Ke HbiOToHa 3TO eeTb npoeTpaHCTao EaKnH,Qa, 

a B CTO - no6a4eBeKoro. ~oK 1101 noeTpOHJ1 npocTpaHeTBO eKopoeTeH 

no68'-I€BCKOrO H8 OCHOBe ¢opMyJ1~ 6enbTp8MYI /23/. 
K MoMeHTY OTKPbiT\.IIA CTO HayKa paenonarana xopowo paapa6oTaH

HbiMH P83,Qe!l8MH KSK B MeX8HHK€, T8K 1-1 8 ,QpyrHX 06J18CTflX ~YI3HKJ.1. 

nepei.I~CJ1~M HeKOTOPble ~3 3TIIIX paa,QeJ10B • 

1. MexaHHKa Taep.Qoro Tena. 

2. MexaHJIIK8 O,QHOH M8TepH8!1bHOi:1 T04KH B 38,Q8HHOM none el-1!1. 

3. MeXSHHKa KOHT8KTHbiX CTOJ1KHOBeHHi:1 48CTH~. 

4. KHHeTH4ecKaA Teop~t~A raaa 6onb~MaHa. 

5. MexaHHKa ,qayx T04ei.!Hb1X Ten e aa,qaHHbiM noTeH~HanoM a3aH

Mo.QeHeTaHA • 

6. 3aKoH sceMHPHoro TAroTeHHR HbiOToHa. 
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7. TeopHR noreH~Hana. 
8. TeopHR 3neKrpm-1arHHTHoro non.R MaKceenna. 
Bo ecex 3THX paa,Qenax, KpoMe nocne.QHero, onHpanHCb Ha ee

KIH-1,Qoeo npOCTPSHCTBO HHep~vtanbHbiX CHCTeM, 1-1 HH4TO 8 HHX He 
yKaabiBano Ha Heo6xo,QHMOCTb CTO. Hanporvte, reopH.R aneKTPOMar
HHTHoro non.R, BbiPOCWS.R Ha TO~ caMoi::r OnbiTH0-$1-131-14€CKOi1 no4Be, 
KOTOPY~ vtMen B SHAY MHHKOBCKH~, c Heo6xO,QHMOCTb~ np~rteena K CTO, 
a CTano 6b1Tb, H K npocrpaHCTBy no6a4eBCKOrO HHep~~rtanbHbiX CHC
TeM. ,lleno 8 TOM, 4TO CKOPOCTH CBeTa /paBHbl€ no MO,QYniO C 
H npOH3BOnbHbl€ no HanpaeneHH~/ .RBJ1R~TCFI T€MH CaMbiMI-1 6eCKOH€4-
HO y,Qa!leHHbiMIII T04KaMH npOCTpaHCTBa HH€p4HanbHbiX CI-1CT€M, 8 KQ
TOPbiX CXO,QFITCR napan11eJ1bHbl€ npFIMble m1HHH 3TOro npoCTpaHCTea. 
Ho, KOJ1b CKOpO reoMeTpvtFI no6a4eBCKOrO B npoCTpSHCTB€ IIIH€P4H
ai1bHblX CHCT€M OKS3aJ1aCb npaKTH4€CKO~ peanbHOCTbiO, HaAO 6biJ10 
1-1 ocranbHble ceMb nepe41-1cneHHbiX BbiWe paaAenoe cornacosaTb 
C 3TJ.1M Q>aKTOM. 

4ro ~e oKaaanocb? 

1. B CTO Her MexaHI-1KH reep.Qoro rena, nocKonbKY e CTO Hapy
weH npvtH41-1n KI-1HeMaTH4eCKOi:1 OTHOCI-1TenbHOCTH. 

2. MexaHvtKa OAHoH MarepvtanbHOH T04KH He ecrpeTvtna e CTO 
nPHH1.1HnHa11bHbiX aarpy.QHeHHH 1-1 no.ny41 .. ma csoe nonHoe paaeHTI-1e. 

3o To ~e CaMoe MO~HO CKa3STb 1-1 0 MeXaHHKe KOHTaKTHbiX CTOnK
HOBeHHi1 4aCTI-1Lio 

B pa6ore 
1111 

HMnynbCbl 1-1 Ki-1H€THLJecKaR aHeprHR 4acTH~bl npe.Q
craeneHbl KaK .QJ1HHa OKPY>KHOCH1 H nJ10il.IS.Qb Kpyra 8 npOCTpaHCTB€ 
HHep~vtanbHbiX CHCT€M /vtnvt, 4TO BCe paBHO, 8 npoCTpaHCTB€ CKQ
pOCTei1/. 8 TOH me pa6ore OCHOBHO~ aaKOH CTOJ1KHOB€HHFI .QBYX 
4aCTH4 - 3aKOH COXpaHeHHFI 4-IIIMnynbCa - CcflOpMynHPOBaH 8 BH.Q€ 
aai<OHOB Pbl4ara ApX~rtMe,Qa 8 npocrpaHCTBe HHepl.lltlanbHbiX CJ.1CT€M. 
TeM caMbiM MexaHHKa KOHTaKTHbiX CTOJ1KH08€HHi1 4aCTYI~ 6bina Cse
A€Ha K CTaTHKe 8 npOCTpaHCTB€ HHep~HanbHbiX CHCTeM. 

4. Pen~THBYICTCKaFI KHH€TH4€CKa.R TeOpHFI raaa npllleneKana BHI-1-
MaH!-1€ cpa3y ~e nocne OTKPbiTI-1FI CTO. TaK, pasHoeecHafl cJlyHK~It!FI 
pacnpeAeneHvtA 6btna nony4eHa IOrrHepoM s 1911 r. B pa6orax 1 12,13/ 
nony4€H p€JlRTH8HCTCKH~ aHanor KIIIH€TI-14€CKOrO ypaBH€HHFI 50llb~Ma
Ha. Ycnex 8 aro~ o6nacTH HayKH onpeAenReTCR TeM, 4TO see fl8-
neHHR, npOTeKa~~He 8 pa3pe~eHHOM raae, 8 KOH€4HOM C4€T€ 06bRC
HFI~TCFI ABYMFI RBJ1€HIII~MH, a VIM€HHO: KOHTSKTHbiMH CTOnKHOB€HI-1fiMYI 
.QBYX 4aCTYI~ 1-1 ABH~€HYI€M O.QHoi1 4aCTV1~bl BO BHeWHeM none Cltln 
B npoMe~yTKaX M€~AY CT011KHOB€HHAMYI. 

HeCMOTP.R Ha TO, 4TO .Q€110 CBOAYITCR K ABYM npeAbi.QYil.IYIM paaAe-
naM, HaM npeAcrasnReTcFI ea~HbiM cneAYIO~ee aaMe4aHI-1e, KaK H3-
eecTHo, 6oron~6os noKaaan 114 ~KaKI-1M o6paaoM s HepenRTHBHCTCKOM 
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cny~ae MO*HO np~~T~ K K~HeT~~eCKOMY ypasHeHH~, HCXOAA H3 Mexa

H~Kvt C~CTeMbl ~acnnJ,. BsvtAY 3TOrO ¢1opMyJ1HpOBKa H HCCJ1eAOBaHvte 

penATHBHCTCKOro KvtHeTH~eCKOrO ypasHeHHA npeACTBBnAeT HHTepeC 

H B CBA3vt C pa3BV1TvteM penAT~BHCTCKOH MexaHHKH CHCTeM~ 4aCTH~. 

5. BecbMa TPYAHbiM OKaaancA sonpoc o TOM, KaKvte vt3MeHeH~R 

HBAO sHeeT~ a ypaeHeH~A Hb~TOHa 

2~ 

d 't a 
m --~--~-U(r), 

ldt2 Jrl 

d 2? 2 
m -----2 dt2 -

a 
-~- U(r), 
ar2 

/24/ 

om1Cb1Bal0w,vte noBeAeHvte ABYX TO~e~HbiX TeJ1, "4T96b1 A0J1>KHbiM o6pa-

30M y4eCTb reoMeTpvt~ no6a~eacKoro B npOCTPSHCTBe vtHep~vtSJ1bHbiX 

CHCTeM. 3AeCb U(r)- noTeH~vtan B3a~MOAe~CTBHR, t= \r..,.2 -[1 j -

paccTOAHvte Me*AY TenaM~. Ha 3TOT sonpoc YABJ10Cb nony~HTb YAOB-

neTBOpHTei1bHbiH oTseT s cny~ae U(r)=·cr, rAe 'G=const. CM. 

06 3TOM /1 5·1 9 /, 

B sonpoce o penATvtBvtaa~HH ypasHeHvtH /24/ HaM npeAcTaBnAeTCA 

He06XOAHMbiM Y~HTbiBSTb MHeHvte MvtHKOBCKoro lSI, cor nacHO KOTOpOMY 

¢IL-13vt~ecK~t~e aaKOHbt Mornvt 6b! HaHTH caoe HavtcosepweHHeHwee Bblpa

*eHHe KaK B3avtMOOTHOWeHHA Me*AY MI-1POBbiMV1 I1V1HHAMV1 TO~e~HbiX Ten. 

6. Ha ocHoae aaKoHoe Kennepa Hb~TOH ycTaHoBvtn ¢1YHK~vt~ U(r) 

a cny~ae TAroTeiOw,vtx Mace: 

U (r) ~- /25/ 

HaHTvt TO~H~H penATvtBvtCTCKvtH aHanor ypasHeHvtH /24/ c noTeH~vta

noM /25/ AO CHX nop HHKOMY He YAai10Cb. 

7. B HepenATvtBvtCTCKoM sapvtaHTe ABH*eHHe npo6Horo Tena a 

rpaBHTS~vtOHHOM none 1(0 
pSHCTBe C nnOTHOCTbiO. p(f), 

ocTanbHbtX Mace, pasMew,eHHbiX a npocT

onpeAenReTcA ypaaHeHvteM HbiOTOHa 

/26/ 

/27/ 

ECJ1V1 vt3 110CTa!1bHbiX11 Mace HMeeTCR scero JlHWb OAHO MSCCHBHOe TO

~e~HOe TeJlO C MSCCO~ M, noMew,eHHOe B Ha~anO KOOPAHHST, TO 

/28/ 

8 TBKOM CJly~ae V13 ypaBHeHvtA /27/ CI1eAyeT, ~TO 

~ My 
¢(r) ~- 171' /29/ 
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Ka38J10Cb 6bl, /29/ OTJlHllaeTCR OT /25/ TOilbKO MaCCOBbiM MHO>KI-1Te
neM. 0AHaKO 3TO He TaK: 8 /29/¢ - $yHK~J.1R OAHOrO 8€KTOpHOro 
apryMeHTa f, a 8 /25/ U - ¢YHK~I-1R ,QBYX 8€KTOPHbiX apryMeHT08 i\ J.1 f'2. no3TOMY pe.nf!TI-1BJ.13SltJ.1R YPSBHeHH~ /24/ C noTeH~I-1SI10M 
8381-lMOAeHcTBI-lR /25/ - ropaaAo 6onee TPYAHaR aa,Qalla, lleM penRTHBH3a4HR ypasHeHHR /26/ C noTeH4HanOM /29/. 

8 06Lljei1 T€0PI-11-1 OTHOCJ.1T€JlbHOCTI-1 3i:1HWT€i:1Ha, BblXOAR~et:i a a paM
KJ.1 CTO, ypaBHeHHe /26/ 3aMeHReTCR Ha ypaeHeHI-1€ ,QilR reo,Qe31-1-
ll€CKI-1X, a ypaBH€HI-1€ /27/ - Ha rpae~;~TaLtHOHHO€ ypaBH€HI-1€ 3~H
WT€~Ha. Ha ocHoee Teopl-11-1 3~HWTe~Ha WeapLtWI-1IlbA nonylll-111 penR
TI-1BI-1CTCKJ.1~ SHaner ,QilR $yHKLtJ.11-1 /29/ /HO He ,QilR l,fJyHKL..tl-11-1 /25/!/. 

B C8R31-1 c paccMaTpH8aeMbiM 3A€Cb eonpocoM npi-1HLtl-1nHanbHbl~ 1-lH
Tepec npe,QCTSBilRIOT pa60Tbl noryHOBa C COTPYAHJ.1KSMJ.1 120"261 . 
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