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NPi/lqVIHHAg MEXAHI,IKA

N PNq H H HA' IAJII4 H ECHMMETPHq HA'
MEXAHHKA B  J IHHEHHOM T IPHEJ IHXEH HI {

I IPEAHCJIOBHE

B noc.neAnee BpeMt n agepHofi Qneuxe 6u;tu o6uapyxeHlJ ,IB-
JreHr.rfi, rroKa3bIBaIoI[He HepaBHoIIeHHocrr Mupa n ero 3epKanbnoro
oro6paxeunt. K cyulecrBoBaunrc groft Hecl{MMerpHH aBTop rpll-
ureJl ytKe HecKonbKo JIeT Ha3aA, HCXO.(,R H3 aCTpoHoMHqecKHX
AaHHbrx. Acrpouour.tqecKHe AaHHbIe yKa3blBaror Ha ro, qro ynoMfi-
Hyrafl HecHMMerp un Mupa cyqecrByer 6.uaroAapt HecuMMerpl'tq-
Hocru apeueHn, r. e. 6larolapn o6aeKrlIBHoMy orrutllito 6yayuero
ot npoue.uuefo. SrEn csoficrBoM BpeMeHH, Koropoe uoxer 6urs
Ha3BaHO HanpaBJIeHHocTbIo Hnu xoAoM, ycTaHaBJIHBaeTCt OTJIHqHe
npnr{r.rH or cJreAcrBt{ft. flosroMy MexaHHKy, B Koropoft yuntueaercr
xoA BpeMeHIj, ecrecrBeHno Ha3Barb HeclrMMerpuqHofi lrru npHqHH-
noli +,lexaHurofi.

Bce qsreHlrq npHpoAbl nporeKalor Bo BpeMeHH. floerouy He-
BoBMoxHo npeAcraBum ce6e orpacnb HayKH, Ilsy. arcqefi Mnp,
n roropoft csoficrsa BpeMeHH He HrpaJiH 6u po.ntl. Ec,ru xo4 npe-
rr.renu aeficrBnreJlbHo co3,aaer HepaBHoueHHocrb Mnpa u ero 3ep-
KaJrbuoro oro6paxeHv!fr' To fln,'IeHufl acHMMerpHH e 6nororHll H
B MHKpoMHpe AoJIXHbI liMerb roxe o6tqcHeHne HarlpaBneHHocrblo
BpeMeHH. TpyaHo roBopnrb o npHqHHHbIX cBfl3qx, cyu{ecrBylolllnx
B Mr{KpoMI{pe. Buecre c reM roJIbKo c noMolllblo npocrblx onbIToB'
AOnycKaIOUUtX HaTJIflAHOe npeACTaBfleHHe, MO)I(HO flo-Hacroqul,eMy
noHrrb cyulHocrb BpeMeHI.i. floarouy HaM npeAcraBJlflerct, uro Qn-
3ur{ecKoe H3yqeHLIe csoficre BpeMeHIi H npHqHHHocrH cJleAyer Ha-
qarb c orlbtroB gJleMeHTapsoft tltexanuxu.

K o s b r p e n  H .  A .
npu6auxenuu. flyaxoao,
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flpnvunHan rrru HecllMMerpuqHat MexaHHKa e aunefiHoM
1958.90  c .

TJIABA I

ACTPOO}I3 hq ECKOE BB E,II.EH I,I E

B Hacroquee BpeMff  n acrpoSn3uKe peAKo yAaercn 4anaru 6es-
ycJroBHo rrpaBHJIbHbIe o6tgcHeuhq Ha6rtoAaeMblM tB.rIeHEIqM 3Be3A-
uoro Mr.rpa. 3ro orHocl4Tcfl He roJIbKo K l{acrHtilM H cJIo}KHbIM
flBJreHIrflM, Ho H K qBreHIttM npttHIrHnHaJtbHblM, 6o.nlurofi o6ulxo-

crlr, c npocrblMH gaKoHoMepHocrtMu. Vro.IHeHne Qusnlecxux o6'

cTofTeJ'IbcrB H [pI{MeHeHLIe 6O,ree coBepureHuoro MaTeMaruqecKofo
annapaTa He floMorapr reopeTHl(y H He flpnHocfir eMy paAocTHofo
rryBcrBa rrpaBgnbHo perueHHofi 3aAaqn. I4s ecero srono ropa cAe'

Jlarb BbIBoA, qro AJIff peueHHfl acrpoHoMl'IsecKnx npo6IIeM y Ha9

He xBaraer guanufi. Ouenn4uo, n Mnpe cyqecrByer nexoroputft
ray6orufi npnHlrlln, He orKpblrut? eure coBpeMeHHbIM ecrecrBo3ua-
HHeM. 3ror npuulrHrl eABa JII{ Mox(Ho npnAyMarb, Ho efo c,'IeAyer
ucKarb r.{HAyKTHBHrIM nyreM, peuag reopernrlecru o6parnble 3a'
,u,arrn. flpu raxou [ccJIeAoBaHHLI MbI AoJIxHbI ne o6xoAt'ltb rpyAuble
Anr reopuu Bofipocbl, a, Hao6opor, cocpeAororlnBarb Ha HHx cBoe
BHI-{MAHI,IE.

l lpttuenna SusuuecrHe 3aKoHbI Anq o6rscneHarl Rerennfi 38e3,4'-
rroro Mlrpa, mu Hella6e)KHo pacnpocrpaHqeM ua BceaesHylo I{ Bce
c.rreAcrBnfl BToporo Har{ana TepMoALIHaMHKH. Bo Bce.rreHHofi xe Het
HHKaKUX npU3HaKOB AerpaAaI{HH, KOrOpafl BbIreKaeT L3 Broporo
uauana. Mup cBepKaer Hencqep[aeMblM pasnoo6pa3ueM' MbI He
HaxoAHM B HeM H cneAoB npla6nuxeul{t renJloBofi a pa.unoaKTnB'
uofi cueprn. flo-sHAI'IMoMy, 3Aecb H 3aKJlloqaercfl'ocuoBHoe ttpo-
Tr.IBopeque-nporllBopeqne oqeHb l.ny6oxoe, Koropoe Henb3fl ycr'
paHHTb ccLrJIKaM[ Ha 6ecxonerJHocrb Bce.neHsofi. Aeno B roM' tITo

He roJrbKo orAe./IbHble acrpoHoMliqecKue o6leKtut, Ho Aa)Ke lrenble
cucreMbl e raxoll crenenu H3onupoBaubl Apyf or Apyra' qro Hx
MolKHo paccMarpnBarb KaK cncreMbl SaMKHyrbIe. Als HHX ren"'Io-
Bat cMeprb AoJIx(Ha 3aMerHo npn6.nnanrbcff npe)KAe, qeM ycfleer
npnfiru noMolqb Co CropoHbl. Tanne AerpaAHpoBaHHbIe cocrogHHr
CLICTeM Aon)I(HbI 6u 6nru npeHMyqecrBeHHhIMH, a BMecre c reM

OHH nOqTH HegaMeTHbI.  OCrasaqCn e paMKaX O6H'IHHx 3aKOHOB
MeXaHHKH H Qu3uxll, OcTaercf cqHTarb, qro Ha6nrc4aeMaf KapTn--
Ua Mapa Re,'IflerCg CJIeASTBHeM nln OAgOfi O6UrnpUOft, OXgarHeUIefi
Uexorla eecl MHp xaractpoQbl, LIJIH cJIeAcrBHeM MeJIKLIX, nOCrO'
flHHo npoucxoAflutux xaractpoQ, o6nonrlrcutnx Mnp.

Taroe rp,yr aAefi KocMoroHuqecKl.{x H sBoJIIoqnoHHbIx nocrpoe-
uult actpouotann, HarIHHas or Hrrcroua - B[JloTb Ao Halnux Agefi,
XOTfl !'rorHqeCKH aTLI raraCrpOQlt CneAyeT CqHTaTb 6eCnpnUAn-
HbrMLi, raK KaK oHH npoHcxoAflr BonpeKl't SaKoHaM npHpoAbl.

HnrepecnO CXOACTBO gTHx uleft c BO33peHLItMIl reoJIOfoB
npognoro CrOJIerHfl, .qO Jl-afieJ;t, Ha HCTOpHIO gH3HH 3enalU. TaX,

K'loate n .IleonolsA Qou Eyx cunra.rrH, qro pa3BI{tHe 3euau npo-

AcxOAHno B peSyJIbTaTe rpaHAHOsHblx nOTpRceHHtl, TaK Ha3bIBaeMbdx-
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KaraxJrnsMoB, Koropbre BpeMeHaME o6noBnrnu 3euap. Huse
reoJrorafl onHpaercfl Ha . rrpegBhlqafiuo n,uo4oraopHlrfi npuHqnn
aKryaJrH3Ma, pa38HTbrrl r.r o6ocroeaHuHfi .IIsfte;r.rren,t e 1830 r. Eute
e lB02 r. sror npaHr{Hrr 6u.rr c$opuyJrnpoBag ,Ilavapxolr,r: <<Vc"ro-
pnro 3enE.nu MoxHo o6tacHnm, HcxoAfl Tor'IbKo lls o6blqHblx cHJt
npupoAbr, nocrosHHo 4eficrnyrcu1ux B HacrofltrleM>>. Hayuuan no-
cJleAoBareJrbHocrb a crpot?Hocrn r-axofi cucreMbr B3rJrflAoB coBep-
ueHHo oqeBr4AHa. Xeraq 6uru cro.ns x(e nocJreAoBareJrbubrM H nprl
o6rqcHeHur.r pa3BHrHr 3B$AHoro Mnpa, Mbr AoJrxHbr npu3Harb,
'{ro B npnpoAe cyuecrByror nocroflHHo Aeftcrayrcuue flpHuunor,
npenflTcrByroulHe Bo3pacraHnro 3HTponnn.

flpo6.nerr,ta npeoAofieHHq rennosorl cMeprr.r Mupa recueftruHrrt
o6paeoll cBr3aHa c npo6.neuofi npoitcxolKAeHufl ceeqeHafi Co.nuqa
H 3Be3A. Ae.ro B roM, qro H3MeHeHr.rs Broporo Harlara eABa JrE
Bo3Mo)KHbr npH coxpaHeHuu nepBoro Harraf la repMoAnHaunxu. l lo-
3roMy Moxno AyMarb, qro, peunB 3aAaqy o [pr4poAe sges,{Hofi
SHeprHH, lrrrt UafiAeu KJTIOq K nOHHMaHr.rro BaXHefturux ssJIeUHft
3Be3AHofo Mnp.a. B eees4ax npoficxoArr cr{JrbHbre HepefyJrrpHbre
npoqeccbr, uo o6ulue xapaKTepr{crHKH 3Be3A, KaK, HanpuMep, pa-
AHYC, MaCCa, CBeTITMOCTb, CTeneHb CXaTHfl OT BpaUIeHHfl U T. n.,
AoJrx(Hbr AaBarb coorHolueHufl, 3aBncrulne roJIbKo or rJlaBHeftunx
npnquH. liosrouy Mo)KHo paccqHTbrBarb, qro B TeopHH crpoeHng
3Be3A c ycnexoM 6yaer peutarbcr cneA,yroqan o6parHaq 3aAaqa:
no ua6nrcAeHHhrM o6ulnu xapaKrepucruKaM rpe6yercn BbrrrHc.lr.rrb
Qrlsuvecxue ycJroBnfl BHyrpr.r sBe3A H ycranoBurt $nsuvecxne o6-
crorreJrbcrBa, rtpH Koropbrx 6ylyr BblnoJrHtrbcr coorHoIueHI,Itr
Hafi4eHHue Ha6.nrcAare.nlHofi acrpoSnsnxofi. B srofi sa4aue HeH3-
BecrHbrx oqeHb MHoro. floarouy, HecMorprr Ha AocraroqHocrb
Ha6rrcAaeubrx coorHoureuufi, HeJrb3s r.I rrbrrarbcfl peurarb ee crpo-
rO M TCMATHqECKH.

B nepnoli rlacrh grofo HccJIeAoBaHHq, Harlaroto HaMLI eure
e 1937 r., 6trl paspa6oraH MeroA, rro3BoJraBrrrnfi 6ucrpo H 6es JHu-
Heft roqHocrn onpeAeJrstr ua6.nrcAaeMbre xaparrepHcrHKH npu pa3-
Hoo6pasHux npeAnonoxeHHsx o6 ycJroBHsx BHyrpri 3Be3A tl]"
B peeynurare nonyqHJracb BosMo)r(Hocru paso6partcq s roM, npn
KaKHx ycnoBnflx BHyrpn 3Be3A Moryr noryrrnrbcr xapaKTepneftune
oco6eHuocrH Ha6nrc4aeMbrx cooTuouennfi. Pesyllraru sroro aHa-
JIHBa nplrBeAeHbr Bo Bropoft rracrn pa6oru [2]. 3aecr Mhr yKaxeM
roJrbKo o6utufi xoA paccyx4euurf r4 rrpnBeAeM rrasHefiuue Bbr-
BO,II,bI.

B Hacroquee BpeMq Hs Ha6nroAennfr HesecrHbr Maccbr, paAny-
cbr r.r cBerHMocrH (pacxoA 3Heprr.rH B eAHHHTIy npeueun) AJrs 3Ha-
qareJrbHoro rrucr'ra 3Be3A. 3nag uaccy H paAilyc, Mbr MoxeM onpe-
AeJrlITb He TOJTbKO nJTOTHOCTb 3Be3AbI, HO r{ CpeAHIoIO rpaBHTaqr.rOH-
Hyro eneprraro. CreAosareJrbHo, Arq ra3oBoro uapa, no reopeMe
BHpHaJIa, Mo)Ker 6urr onpeAeneHa H KHHerHrIecKas gHeprur, T. e.
TeMneparypa BHyrpH 3BesAbI. Cnernuocrb raKoro Harperoro ra3o-
Boro uapa 6yaer 3aBr.rcerb or reMneparypbr H or ycJroBufi renao-
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nepeAar{H, Koropbre B cBoro oqepeAb onpeAeJrrrrcrcg reMneparypofi
H nJrorHocmp. Taxnu o6pasou, fi cBerr,rMocrb 3Be3AH HnH cpeAnrfl
norepfi 3HepfHH eAugnqeft Maccbl Motyr 6Hrs sbl,IHcJIeEIbI B 3aBH-
cHMocrH or Maccbl I {  paAnyca. Boo6pasnrra KoopAnHarHyro cncreMy,
e xoropoil ocsMu cJry)Kar: rr,rrorHocrb, reMneparypa H pacxoA 3Hep-
fHH eAHHHqefi uaccsr. MH sHAeJr[, rrro KaxAas H3 3THx nepeMeH-
Hbrx 3aBllcrrr or AByx napaMerpoB: Maccbr H par..wyca. flostorrly
B yKa3aHHOM npOCTpaHCTBe 3Be3AbI AOJI)KHbr pacno,'lafaTbcfl Ha He-
xoropofi noBepxHocrr.r. Tepnn 3Heprnto, 3Be3Aa 6yaer oxrtax(Aarbcq
H clKl{Marbcg, ocraBaflcb Ha srofi nonepxHocrr.{, Cpox xllsHn raxoft
38esAbr, Bbrqnc,'reHHuli fenruroJlbtleM u KelneanoM, noryqaerct
cJ'rnrrrKoM KoporKHM: ,q.ns Co.nHua oKoJro rpnAqarl.r MHJIJTUoHoB JIer.
B Aer?crsnreJrbHocrrr xe ConHr{e, tto AocroBepHbrM feoJlornqecKHM
AaHHbrM, HMeer 3Haqr{reJrbHo 6onruralt Bogpacr. 06H,{uo orcnAa
3aKJrroqarcr, r{To BHyrpH 3Be3A ecTb cneqnaJrbHble HCToTTHHKH 3Hep-
rHH HanoAo6ue axxyMyJrflropoB, nocreneunafl pa3pflAKa Koropblx
o6ecneqneaer,u.JIHTeJrbHocrb )Kri3HH 3Be3A. 3rn ncroqHnxH AoJIx(Ht{
auAerrrrb 3Hepfr4ro no HeKoropoMy 3aKoHy B 3aBHcHMocrH or Qn-
gnqecKax yutoanfi BHyrpr{ 3Be3AbI. Taxun o6pasou, AaHHoMy rt{ny
r.rcroqHHKoB sHepfHH 6yaer B paccMorpeHHoM HaML{ npocrpaucrBe
Qusavecxux yc.noenft coorBercrBoBarb HeKoropafl onpeAeneuHaff
floBepxHocru. flpu rerrr'roBoM paBHoBecHH 9To Kor[qecrBo gHeprns

Aon)I(Ho paBHflrbcq BHqHcJreHHoMy HaMH BbI[Ie pacxoAy. CreAoea-
TeJrbHo, 3Be3Abr Mofyr pacnoJrararbcfl roJIbKo no KpHBot? nepece-
qeHnr AByx nocrpoeHHblx noBepxHocrefi. B 4efictnute;:bnocru x(e
3BesAbr pacnonafarorcfl B arou upcicrpaHcrBe He Ha xpueofi n ue
B o6reue, qro 6u.no 6u npn 6onuuux HeroqHocr.flx na6lioAenufi,
a Ha noBepxHocrH. Buecre c reM TeopertlqecKas KpHBafl nepece-
rreHHff noBepxHocrefi 40nxHa 6nrl nupaxeHa or{eHr peexo. !,efr'
crBHreJIbHO, pacxoA SHepfl.iH ,yMeHbllraerct c yBeJIHqeHHeM nJlor'
HOCTH, O6paeOOanHe x(e gHeprHn, eoo6qe roBopq, yBe[HtlHBaercfl
c nJlorHocrrn. Taxuu o6pasou, aTI,t l loBepxnocrlt Aonx(HbI [epe'
ceKaTbcr BecbMa Kpyro. Ocraercs 3aK.rlrcqnTb, qro npeAnoJIo)KeHI'Ie
o cyqecTBoBaHHH BHyTpIr 3Be3,( LICTOqHHKOB 3HepfHH, He3aBHcl.'lMbIx
OT NPOqCCCA OXJIA)I(ACHHfl, AEftCTSI4TCJIbHOCTH HE COOTBETCTBYCT.
Buytplr 3Be3A Her cIIeqHaJIbHbIX HcroqHHKoB gHeprHH, H 3Be3AbI
BbrAer'rflror 3Hepfnn no rHny MexaHH3Ma fstlturo.nlqa - KenleKHa
rrocrefleHHoro oxJraxAeHufl H cx(aruff. Tax xax Bo3pacr 3BegA 3Ha-
qHTeJrbHo 6o,rilue BpeMeHH oxJlaxAeHllfl, MhI Aot)KHbI npl'I3narb,
qTo, Teptfl SHepfHIo H c>KHMaqcb, 3Be3Aa BbI3blBaer HeKoToPHe
ilpoqeccbl, KoMneHcHpytoulue 3ry noreplo sHepfnll. flpuxo4nrcr
gaxrror{Hrb, qro 3Be3Aa npeAcraBJlfler co6oft MauHHy, rupa6aru-
Baroulyp 3HeprHIo. OAsaxo 3Tor MexaHusu pa6oraeT He npt'I Bcex
o6crogrenrcrBax.

t)  B paccMorpeHHoM HaMH BbIIre npocrpaHcrBe Qnsavecrnx
ycaoenfi cyulectnyer cneAyloulee ocHoBHoe Ha[paBJIeHHe, g6rHga

Koropofo Bo3Mo)KHa pa6ora MexaHH3Ma sneprnn B rpoMaAHoM
Ar{ana3oHe cocronuufr- (or KpacHblx cBepxrnranToB-Ao 6e.nnx



, 8xaplnxon)t i:"ontt, r.u,e B - nloruocrb ;yrlgcrofi eHeprun il n-
rIHcJro qacrHU B cMo.

EclH sxoAsulyrc croAa nocro.flHHylo, r.rMeroqyrc pa3Mepuocrb
SHeplHH, npeACTaBnffTb B BHAQ ftleCz, IAQ trle-MaCCa S.IIeKTpOHa,
8 C2 H€KOTOpafl CKOpocTb, TO LJIfr Cz noIyqaeTcfl 3HarIeHHe nOpflAKa
400 xulc:

Bln: mrcl, cr:400 xulc o e2f h. (1)

Hnrtvtu c,'roBaMH, orHorrleHue B x n AoJrx(Ho 6urr nopflAKa
3HepfHrr HoHH3aTIHH aTOMOB.

2) Ha noc!'reAoBareJrbHocrn (l), KorAa cpeAHr.re paccroqHut
Me>r(Ay rracTHrlaN{H oKa3brBaroTcr nopsAr{a aroMHbtx pa3MepoB, no-
Iyqaercfi TorrKa (cnexrpa.nrHr,rri run Fa), oxono xoropofi rpynflH-
pyercrr 6olrurnscrBo 3Be3A (rraeuar nocJreAoBareabHocrb-cy6-
rHraHrbr, cy6xap.nuxn). B nJrocKocrn B u n rpynnnpoBKa BBe3A
nonyqaerc-R norrrH xpyronoft. flonoxesae rleHrpa MoxHo onpele-
.nHrr, AoOaBJrrfl. K (l) yc.nonne

0P: cz'  (2,

rAe ap -cKOpOCrb [poroHoB, coAepx(aHHe Koropblx B sBe3AaX 3H4.
TIHTeIbHO npeBOCXOAr.rT COAepX(aHHe flAep ApyrHX gJreMeHTOB.

3) Ee.nne KapnHKH n 6o.nrurne nJraHerbr [3] npelcraBrqror co-
6ori rera, BHyrpn Koropbrx Marepnff Haxo,u,HTcs Ha rpaHuu,e BbI-
polKAeHHoro cocroffHnq. B srux reJrax noAAepx(HBaercfl TeMnepa-
rypa, npenrrcrByro[Iafl Bblpox(AeHHrc.

C roqxq 3peHtfl reopHu crpoeuHq 3Be3A nonyqenHble BbIBoAbr
oqeHb crpaHHbr H HeoxuAaunu. Ho oHH noArBepxla,rcr Harrl ocHoB-
flofi resuc, rITo B Mape HenpepbrBHo AelicrayrcT npr{qnnbl, Meularo-
rr{He nepexo,u,y B paBHoBecHoe cocroqHr.re. Tenepr Mox(Ho cl(agarb,
I ITO 3TO NOJIO)KCHHC PACIPOCTPAIi ' IETC'I HA OTAEJIbHbIC ACTPOHOMH-
qecKne reJra. leoJroraM yxe cpaBHHTenbHo AaBHo craJlo flcHbrMl
rrro xr.r3Hb 3eunn EAer B HeupepbrBHofi 6opl6e c)Karufl c pacun-
peHHrrMH. 3ra 6opr6a npHBoAHr'K uHKJIHqHocrn oporeHega, qepe-

Ayloqeroct c 3rroxaMli cpaBHHTenbHoro TeKToHHqecKoro rroKog'
KofAa HarrlrHanr npeo6.naaarl o6uqnue cuJrbr cx(aruq. !,;rn o6r-
rcHeHHq rperqHH H Ap,yrHx oco6essocrefi .nyuuoro penre$a (ua-
npHMep, SHaMeHfirofi AolraHu n A;rrnax) Mbr AoJrx(Hbr npH3Harb,
qro Aax(e raKoe Ma,'Ioe reJlo, KaK JIyHa, 6u.uo neoAHoKparHo noA-
Bep>KeHo npeo6na4alou{eMy Aeftcrenro arr.rx HenoHflTHbrx trpHr{HH,
npHBoAr-rBrxHX K ero BpeMeHHoMy paclr lnpenuro [4] .  l lopasHrenluo
raKxe cxoAcrBo 3Tr,rx npoueccoB c UHKJIHqeCKHMH H3MeHeHr.rrMlr
prAa [epeMeHHbrx 3Be3A. Taxuu o6pasou, HaIII]r o6utue coo6paxe-
HHfl o Cyu{ecrBoBaHHa npHrIHH, npentrrcTBylolllHx AerpaAallnB
Mupa, nonyrrnaH 3aMerlare.tlbHoe noATBepxAeHHe. Kpor're roro, Mbl
y6eAn.uncl, qro B orAeflbHHx acrpoHoMuqecrux rerax co[porHB-
JIeHHe K nepexoAy B paBHoBecHoe cocrotHlce ocyu{ecTBJIf€TCf BbI-
AeJreHHeM eHeprHH. Taxnna o6pasou, cAenaH cneAyliolrtuft saxHblft
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ruar: HeflpaBuJrbnocrb c.neAcrsnfi Bropofo HaqaJra cBrsaHa c He-
to'l[oft $opuy.rrnponrofi nepnoro Harrara repMoArrHaMHKr.r.

Jtan noryqeHHs 4alruefiurnx KoHKperHbrx 3aKJrIoqeHr.tfi ecre-
crB,eHHo o6parnrrcn K paccMorpeuaro nepequcJreHHbrx Bbrrle ycJro-
nnfi, npu Koropbrx npoacxoAr.rr BbrAeJreHHe 3HeprHH B 38e3Aax,
Oco6euno xapaKrepHo nepBoe, rJraBHoe coorHorueHue. 3ro coorHo-
ureHHe o_q_eHb rrpocroe, qro H AoJixHo 6urt Aas paBHoBecHbrx [po-
ueccoB. Hanpauep, BbrAeJreHHe renJra eannepsaro-u1efi soaofr onpe-
Aenflerct npocrbrM ycfloBHeM: I:0 'c. 

KorHqecreo eHAerqeN{oii
npu 3roM 3Hepfua gaBHcHT or 6o.nee cJro)KHbrx o6crosre;rlcrB Terr-
noflepeAaqH: roJrrrlHHbr JrbAa H reMneparypbr HapyxHoro Bo3Ayxa"
BepoxrHo, coorHoi leHHe ( l )  Bbrpa)Kaer ycnoBHe paBHoBecHoro
sgar.rlaoAeficrBufl Marepnr,r ll .uyvncrofi sHeprur.r, rrpH KoropoM ponb
KBaHTa nfpaer cpeAHee KoJIHqecrBo .n,yuncrofi sHepfHH, nplrxoAg-
qelicq Ha oAHy qacrnuy; cKopocrb )Ke cBera c1 3aM€H€Ha HeKo-
ropofi apyrofi cKopocrbro c2. CoaepureHHo oqeBHAHo, qro ero coor-
HorlIeHHe He MolKer 6urt o6ucHeuo o6H.rnoft 3J'reKTpoAnHauurofi
u arousor? Qnsnrofi.

Haure Bropoe ycnoBue He cBff3aHo He[ocpeAcrBeHHo c nyuncroft
aHeprner?, Ho raKx{e coAepx(r4r cKopocrb c2. BeanuoAeficreue arnx
yc.nonnft BecbMa cnoeo6pasHo. 3eesAu r.lasHofi nocJreAoBareJrbHo-
crn 6o.nee paHHero rurra, rreM Fa, o6pasyror c coorHoureunerr,r (l)
oAHy BerBb. 3nesAu 6olee rro3AHero rnrra - Bropyn BerBb, HAyrqyn
B nporlrBonoJrox(Hyro cropoHy, K ycnoBnro (3). OnucaHue 3rux ne-
pexoAoB rpe6yer .rrorapuouuqecKHx coorHo[reHnfr rr.rex,ay Qusuve-
cKHMH BeJrr{qr.rHaMu. Bce ara o6crosreJrbcrBa He Moryr 6srrr c.ny-
rrariHbrMu noroMy, qro B HHX oqyqaercs HeKoropoe e4uncrno. OA-
HaKo, HecMoTpt Ha MHofoJlerHHe norlbrrKH, HaM He yAanocb gal?rn
gror o6reanuspuruft ttpHHrIHrr. Hccre4ye*tue pe3yJrbrarbr flBJrs,-
IOTCS, BHAIIMO, eUIe CJILIII IKOM CIO>xHbTMH CJIeACTBl{ffMH HeXOrOpOii
npocrort rrpHqnnbr. Cym 4ena AonlKHa 6url nenocpeAcrBeHHo cBfl-
3aHa c rnaeHefiuHM BbrBoAoM, corJracHo KoropoMy 3B$Aa tBJlgercg
uaurHHofi , npoH3BoAsutefi oueprnrc.

Xapaxrep ycnonaf i  l ) ,2) n 3) noxasueaer,  qro 3nepfnt B3Be3-
AAX IIOJIYI{AETC'I B PC3YJIbTATC HCKOTOPbIX 3JICKTPOAI]HAMI,IqECKI'X
npoqeccoB. OAHaxo npHHIII{tI, cof.,IacHo KoropoMy 3aMKHyras cn-
creMa MolKer [pon3BoAurb gnepruro, AoJrxeH 6url gacroJlbKo tJIy-
6oKr.rrvr, .rro6lr 3aKJlloqarbcfl I-r B rlpocrblx 3aKoHax naexauuru. flo-
sroMy B nepBylo oqepeAb AoJI)KHbI 6urt noctaB,'IeHbI cJleAylou1ue
Bonpocbr:  KaKHM o6pasou 3aMKHyraf l  MexaHHqecKafl  cacreMa
Moxer npoH3BoAHTb gHepfHro a orKyAa 6yaer noryrlarbcfl sra H3-
6Hro.rHag oHeprr-rfl.

Ang npocrorbl 6yaerur cquTarb, qTo r{acrltllbt salraxHyroii cH'
creMbr oflHcblBalor l{ 3aMKHyrbIe rpaeKroplau. Bce 4eficrnyrcuue Ha
qacrr.rrlbr cnnbr npHBoAflr K 3aKoHy coxpaHeHHt sHepfuH. lloarolray
MOX{HO CTIHTATb, I{TO OHH YqTEHbI, H PACCMATPIBATb ABH)KEHI.Tfl  q '

crHrl rIpo]rcxoArIIIHM e o6HrIHorta eexrHAosoN.{ npocrpaHcrBe. Hs
paBHOUeHHOCTH BCeX TOTIeK npOCTpaHcTBa CJIeAyeT' qTO pa3,'IHr{Iie
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TPACKTOPHTi HC I{OX(ET TIPHBCCTH K PA3NHqHIO MCXAHHIIECKEX
ceoltcre qacrurl. CJreAoeareJrbHo, HaM .{ocrarogHo paccMarpHBarb
rrc6ue o,4r.{HaKoBbre TpaeKropr.rH, HarrpuMep, orpyxuocrn. IIpn
SroM BO3MO)KHII ABHX(eHnfl B AByX npoTr{Bono.rrox(Hbrx HanpaBne-
Huflx' Koropble onpeAenl{M IIo orl{oueHl{lo K Hel(oropoMy MexaHIr-
rrecKoMy_opnenrapy, HanpnMep cu.ne, 4eficreynueft no ocu oKpyx(-
Hocrn. I-IoryveHuue ABa KoMnJreKca He uoiyr 6urr conruertreHbr
noBoporoM r(oopAHHarsux ocefi. !,,rn eroro HLo6xoaur"ra nepeMeHa
3HaKa BpeMeHH r. IJrH 3epKanluoe oro6pa)KeHHe.

Ecan eaxoHbr HcruHHoli rrtexaHuKr,r HecHMMerpHqHbr no oruolrre-
HHIO K yKa3aHHbrM npeo6pasoBaHHrM, ro AoJr)KHbI 6Urr paarnv-
HEIMH H MCXAHHqCCKHC CEOftCTgA HAII j I , IX ABYX KOMIJIEKCOB. TAX
xaK KuHerHrrecKag 3Heprnr He Mo>Ker 3aBHCerb or HanpaBJreHHt
APAqCUNfi,  TO AOJJXHbI 6Urr PA3TI,IT{HbIMH TOJIbKO IIOTEHqHAJIbHbIE
3HeprHH SrHX KOMnJTeKCOB. f lOerouy noJrHafl  eHeprHfl He coxpaHq-
ETCfl I{  AOJIXCH OKA3ATbCfl TIPHHIII,{NHAJIbHO BOSMOX(HT{M ABI,ITATEJIb,
npoli3BoAsrqnft aHeprurc.

HecarrlrraerpuqHocrb 3aKoHoB MexaHHKr.t no orHortreHalo K 3ep-
KAJIbHbIM OTO6PAXCUHffM MO>KET I-{MCTb HCNOCPCACTBCHHYIO ACTPO-
HoMuqecKyrc [poBepKy. fleficrnareJrbHo, noJryurapHr n,,raHer, pa3-
.U'eJIeHHbie UlocKocTbto gKBaTopa' tBJiflIoTct KoMIIJIeKcaMH, HMerc-
TITHMA pa3rtrrrHble BpauleHHq no oTHorrreHHrc K cure Tq>Kecru. Ec.nn
aru noJrytuapufl, HMeror pa3rr.trrHbre MexaHHqecKHe csojicrea, ro
'Qarypu rrJraHer AoJrlKHbr oKa3arbcfl HecHMMerpHr{HbrMH lro orHo-
rrreHnlo K nJrocKocrn 3KBaropa. Harun nsuepeHr.ia Quryp lOnarepa
u Carypna.,  corrocraBJreHHbre c reoAe3uqecKuMn AaHHbrMI4 o Sarype
3eu,ta, Aeficrenre,'IbHo [oKa3atl{ acHMMerplllo: v Bcex IIJIaHeT Iox-
Hoe nonyuapHe oKa3aJrocb 6o.nee nurnuyruu, ueu ceBepHoe tS].
Sror pesy.nbraT rrprMo nporHBope,{ur saKoHavr o6tr,rHoft ruexannrn
n yKa3brBaeT Ha ee HecHMMeTpHrrHOCTb.

HecnuuerpnqHocrb 3aKoHoB MexaHI.IKH Mox(eT o3Harlarb roJIbKo
oAHo, rITo BpeMr o6,ra4aer HeKoropbtM HecHMMerpHriHbIM cgofi-
crBoM, cBr3aHHbrM c HepaBn_otreHHocrbro peanbHoro Mnpa H efo
3epKaJ'rbHoro oro6pax(eHHt. 3ro ceoricrlo BpeMeHr.r Moxer 6urn
Ha3BaHo Ha[paBJreuHocrbro r,rJra xoAoM. Tenepl Mo]KHo cKa3arb,
rrro H3 acrpoQnsuqecxax AaHHhrx c!'reAyer cyrqecrBoBaHue HanpaB-
JIeHHocrH BpeMeHa. B cr-rny srof i  HanpaBJreHHocrn BpeMfl  Moxer
coBeprxarb pa6ory H npor.r3BoAnrb oHepnurc. I4rar, 3Be3Aa fl,BJrff.-
€TCq ror'rbKo Kax(yulHrrlcn perpetuum mobile.. 3Be3Aa qepnaer sHep-
rHro H3 xoAa BpeMeHH.

I IO-EU4HIT,TOMY, B 3BC3AAX NPOUCXOAHT KOMNCHCAIIHfl  HC TOJIbKO
noTepri  3Hepf Hr.r ,  Ho gpH H3BecrHbrx o6croqrerscrBax H rrorepH
MoMeHTa BpauleHr.rn. OcnosaHr4el,r K raKoMy 3aKrlorreHhro Moxer
cJry)Knrb na6.nrcAaeuaq B psAe cryqaeB HecunxpoHuocrb op6n-
TaJ'rbHbrx H oceBbrx BpaureHuft TecHbrx cneKTpaJlbuo-AsoftHbrx gBe3A.
'Cuuxpouusaqr{fl }Ke 3rux Bparu,eHnfi Ao"uxHa Hacrynarb B cpaB-
Hltre/'rbHo KoporKae cpoKa H3-3a [pHJrHBHbIx cHJr npH Her{s6exHoft
ryp6y.neurHocrr,r. Tarcuna o6paaou, BecbMa BepoffTHo, rrro xoA Bpe-
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MeHLI MC,X(eT He TOJIbKO yBenHqHBaTb 3HeprHrO CHCTeMbr, HO yBeJrH-
qHBATb I{ EE MOMEHT.

9ro co6ofr npeAcraBJrser BpeMq, Ao cr{x flop eIrle He r.r3BecrHo.
B SHsuxe rro aroMy Bonpocy cyqecrByror cMyrHbre coc6paxenur,
TorAa KaK B cHJIy BalKHocrr{  Bonpoca cJreAoBalo 6u nMerb Ha[a-
caHHbIMH o BpeMeHI4 I IenbIe ToMa. Qusnx yMeer LI3MepfiTb ro, ' rbKo
npoAoJr)KHTeJIbHOCTb BpeMeHH, rrosToMy Anfl HefO Bperrfl - noHfl-
THe coBeprreHHo naccuBHoe. Tenepr Mbr npurxJrr.r K gaKJnoqeHltlo,
rlro BpeMfl HMeer H Apyrlre, aKTIiBHbre, csoftcrsa. Bperrar rBrgercq
aKrHBHbrM yrracrHuKou Mupos4anun.

Ha groM gaKaHrlHBaercfl HHAyKTHBHafl rlacrb HaueFo HccJIeAo-
BaHnfl. B ,qa;rluefiueM Mbr MoxeM He onupaTbcs Ha npHBeAeHHyro
apryMeHrauun. B c.ne4yroqefi rJraBe Mhr [ocrapaeMcrr o6ocHoeam
H YTOIIHHTb NOHSTHE XOAA BPEMEHI,I,  t IOJIb3YgCb TOJIbKO CAMHMH
o6uruMr.r npeAcraBneHusMrr o Mupe, Koropbre cneAyror H3 orrbrroB
Bcero ecTecTBo3HaKufr, u onbrToB XH3HH.



|JIABA II

OCHOBHbIE NOJIOXEHHfl NPH TI HHHOR IIIEXAH H KII
H KI{H EMATHIIECKHE CJIEACTBHfl

<Hayxa XX croJrerr.rt Haxornrcfl s raroft
cTaAufi, KofAa HacTyIIt{n MOMeHT nSyqeHH'
BpeMeHH, TaK )Ke KaK n3yqaeTc{ MaTepHfl
H gHeprrlr, 3arronHflrolqre npocTpaHcrBo).

Anad. B. H. Bepna)crcuil 16l.

cyrqecreyer r.ny6oxoe pa3nrdrrHe Me)Kry ecrecrBo3'aH'eM
n raK Ha3brBaeMbrMr.r roqHbrMn HayKaMn - MexaHaKoft n Qusnroft.EcrecrsoucnbrrareJrb nocrosHHo craBnr nepeA co6ofi nonpoc <flo-
ueuy?> - B qeM npHr{HHa ua6.nrc4aeusrx qnreHHfi. onur ecrecr-
BeHHbrx HayK H ncBceAHeBHofi xnsun y6ex4aer Hac B roM, qro
Bonpoc€ror 3aKoHHufi, I{To Ha Hel'o BcefAa Aon>KeH cylqecrBoBarb
orBer.  Taxoso ceoftcrso Mnpa, Ha3brBaeMoe npl{qHHHocrso. b;ra-
roAapq 3rol,{y cnoficrey Bo3MoxHo no3HaHHe [p]rpoAbr. flpn,runu
,q,oJI)KHbI or!'IHI{arbcfl or c.ne4crnHfi, HHaqe Hx HeJIb3fl 6u.no 6rt
uaftrvt. Sror npnHr{rzn ecrecrBo3uaHufl coBeprxeHHo nporHBonoJro-
}KCH NPI-IHIIHIIY TOqHbIX HAYK. CY-UIUOCTI 3AKOHOB MCXAHHKH BbIPA-
xaercfl_ crapauuofi Sopuy.noft <Causa aequat effectum>, Ha Ko-
ropor?_P. Mafiep ocHoBbrBaJr AeAyKuHro 3aKoHa coxpaHeHHx snep-
rnn. floeroM'y, xorr MexaHHKa u ynorpe6JrfleT noHrrur: .qeficreue
H IPOTHBOACfiCTSUC, AKTHBHbIC H TIACCIiBHbIE CIJIbI, HO TYT )KE OrO.
BapgBaercq, r{To Me)KAy STuMu noHrrHflMH pa3Hntlbl ner. l loc.ne_
AOBaTeJrbHOe npoBeAeHlie 3TO|O npHHr{HIIa paBHoqeHHocrH IIpHrrHHbI
fi c,'IeACTBHq AO,'IXHO 6H.ttO S TOrrHblx HayKax coBepIneHHO I.ICK,'IIO-
rrHTb BO3MO)KIJOCTb OrBera Ha Bonpoc <<noueuy?>. floerorrry ror{Hbre
HayKr.r orBeriaror roJrbKo Ha Bonpoc <<KaK?>> - KaKHM o6pasou npo_
r{3ourJra AaHHas uerrb rBJreHwfrt. B pe3yJrbrare rortHbre HayKH, rrpe-
Bparqarrcb B caMocroqrenbHbre ,q,ncqfinJrr.rHbr, Aonx(Hbr 6lrnn Bce
6o,ree craHoBr,rrbcr HayKaMH onr.rcareJrbHbrMH. Onncanue ocyue-
crBJr f lercf i  QvsnvecxnMa 3aKoHaMri ,  roqHaf l  Qopnry, rupoaxa Koro-
pbIX no3Bor'Iqer IIII ipoKo noJIb3oBarbcfi crporHM MareMarHrIecKI.{M
annaparoM. B arof i  crporocrn o l rucaHnf l  H gaKrroqaercr  Moryqe-
crBo rorrHblx HayK. - Pasyueerca, Qasnuecxue 3aKoHbr Bbrpax(anT
cyqecrByloulyrc n Mr.rpe [pHr{HHHyIO cBrsb seJeHraft. Ho KOrAa
rrocTyJrHpyeTcfl npHHur.i lnarbHaq HeBo3Mox{HocTb oTJrHr{aTb npH-
III,IHbI or c,reAcrBari, TorAa cyulecTBoBaHlre 3aKoHoB He Moxer
6urr npeAMeroM HccJ'reAoBaHHfi H 3aKoHbr npeBpalqaroTcs B onn-
cbrBarorr lne qBf ieHHs Qopuynu.  Teoperuuecxaa Qn:nxa Har lero
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BeKa BHpocJIa Ha ocHoBe 3rnx B3f.rrrAoB H npeAcraBJrner co6otl
apxnfi npHMep onncareJrbHoft ro,rHoft HayKH. Jlornqecroe H nocJle-
,u,oBaTe,'rbHoe pa3BHrHe npHHqHna paBHorleHHocrH npHqraH H cJIeA-
creufi roqHbrx HayK npr.rBero Maxa K nocrpoeHnro efo Qu.nocoQnn.
Vxe o.qno HecoorBercreue arofi QunocoQnr.r BceMy cyqecrBy Ha-
urero Mupa Moxer c/ryxr.rrb AoKa3arenbcrBoM HenoJIHoqeHHocrH
npHHIIHnOB TOqHbrX HayK.

flocroqHHo ecratou1nfi nepeA ecrecrBoHcrrbrrareJreM Bonpoc <no-
uenay?> 3acraBJrrer ero ncKarb sce 6onee rny6orue trpLIHIILInbI,
oxBarblBaroulne Bo3Moxso 6o.nee uuporufi Kpyr rBneHuit. B Koneq-
HoM cr{ere 3rH npr,IHllnnbr AoJrx(Hbr Bbrpa>Karb ocHoBHHe csoficrea
MarepHH, npocrpancrBa, BpeMeHH, a noroMy 6url  [pHHqHnaMH
MexaHuKH. ConepurenHo ecrecrBessofi u 3aKoHoMepsofi 6uaa no-
nbrrKa yqeHbrx BoceMHaAllaroro BeKa o6rqcHr.rrr Aa)I(e qBneHHt
xr-{3HH npLrHuHrraMH MexaHHKn. l{gsecrHo, qro ara nonblrKa norep-
neJla [oJIHyrc HeyAaqy. Buecre c reM gror MexaHHctu,Iecrufi noA-
xoA HenpaBHJIeH He B CBOeM CyrqeCTBe, a TOJIbKO nOToMy, qTo
NPHHUHNbI, YCTAHOB,'ICHHbIE MCXAHUKOfi,  SENOJIHbI H HEAOCTATOIIHbT

A.ns o6ucHeHHfl asreHr.rfi Mnpa. Cart,ta no ce6e )KH3Hb He Moll(er
HaAeJrl,rrb Marepl,rp npHHrIrin[aJIbHbrMH csoftcrsaMr.{, Koropblx oHa
He HMeer BHe opraHH3MoB. Te ceoficrsa Marepr{u, Koropue Hrpalor
ocHoBnyio poJrb B rrpoqeccax xr.r3Hn, Motyr 6um na.no 3aMerHbI
B [pocrbrx MexaHHqecKHx orrbrrax. Ho grH ceoficrBa AoJIX(HbI o6na-
py)KHBarbcfl rrpn rorrHbrx cneqHaJrbHbrx HccJrq{oBaHHflx r{ AoJIx(HbI
6tml npe4ycMorpeHbl gaKoHaMH MexaHHKH. B .IeNr 3aKJlloqaercff
HenoJIHOTa 3aKoHOB MeXaHHKIt, npeACTaBnqeTCfl COBepIIeHHO flC-
HbrM: 3aKoHbr MexaHHKH He Bbrpax(alor ocHoeHoro cnoftcroa npn-
qHHHOCTU, 3aKnrcr{arcqerocfl B npl.lHIlI{nHaJlbHoM oTJII,IIIHH npntiHH
or cJreAcrBufi. I4crnuuaq MexaHHKa AoJIxHa 6urr npnuusHofi ue-
xaunroft, T. e. coAepx(arb B ce6e npnnqIan, no3BoJlstouutl HeKoro-
pbtM MexaHHrrecKHM onbrroM oTJIHTTHTb npHqHHy oT cJIeAcTBH.fl.
Taxanr o6paaou, B ocHoBy MexaHHKH AoJr)KHa 6uro noJlox(ena
AKCHOMA:

I. B npnrrprHHblx cBfl3tx BcerAa cyqec?ByeT npIrHqHnHaJIbHoe
orJIHqHe npHqHH or cJIeAcrBnfi. 3ro orJiHI{He fiBJIflercfl a6co.ttor-
HbtM, He3aBHCqU{HM OT TOTTKH 3peHaq,  T.  e.  OT CHCTeMbI KOOpAHHaT.

OcnosHlrN,r rroHflTHeM npuuuuuoft MexaHHKr.r AoJIIKHo 6uru no-
HfrHe o cH,'Ie, nocKonbKy cHJIa tBJlgercg npnunHoft I{3MeHeHHfl
cocroflHnfl ren. B o6gI.rHoli MexaHHKe oKa3blBaeTcfl Bo3Mo)KHbIM
npeAcraBneHne o cuJie 3aMeHHrb ApyfHM r IoHsrHeM -  eneprnef i ,
3HaqareJ ' rbHo yIpoua]oulHM MexaHHKy.  3ra 3aMeHa, [oJIHocrbIo
ocyu{ecrBneHHafl s aroMHoft MexaHHKe, coBepuleHHo LIcKJIIoqaer
pa3rr.rqne npuqnH or cJreAcrBuit,, a noroMy I{ npHBoAHT K crara'
cruqecKoMy roJIKoBaHHIo ssreunf t  MHpa.  f ipnuuHnaa x(e Mexa-
HHKa, ocHoBaHHafl Ha pa3nIIqrrH rtpHr]HH H cJieAcrBafi, 4o.nxHa
6urr uexasnxofi cHJr, a ue eHepruft.

B o6u,{Hofi MexaHHKe npHrIHHHocrb qBreHl{ft nupaxaercfl Tpe'
Tbr..rM 3aKonou HrtoroHa paBeHcrna AefrcrBlrr. rt nporuBoAeftctsng.
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Cor.nacuo aroMy 3aKoHy ttoA AeftcrBl{eM BHyrpeHHI{x cHJI He Moxer
npousofirra ugueHenui KonHqecrBa ABHxeHHg reJla, T. e. B reJle He
Mo)Ker Bo3HHKHyrb BHeIIIHsq cuila 6es yqacrnfi Apyroro reJla-
Tollxo rpyroe reJlo Moxer 6uru npuulrHofi MexaHur{ecKofo cJIeA-
crBns. C roqru 3peHnq MexaHHKH ocHoBHbIM caoftcreoN,l TeJ'I tBJIt-
eTcrl HenpoHHIIaeMqcTb, T. e, HeBo3MoxHocTb AJIt reJI 3aHHMaTb
oAHoBpeMeHHo oAHy H ry xe qacrb r lpocrpaHctsa. f logroMy npu-
r lHHbI H cJIeAcrBHt, 6yayun BcerAa cBqBaHHbIMH c pa3HbIMH TeJla-
MH, AoJIxHu 6urr o6ssarerruo cBf l3aHHbtML H c pa3HblMH ToqKaMIr
npocrpaHcrea. OrcloAa BbITeKaeT ocnoBHoe csoftcreo npl4I{HHHocrH:

II. flpaunHbl H caeAcrBnq BcefAa pa3AeJlflIorcs npocrpancrBoM.
PaccrogHr.te MelKAy npuuunoft u cJIeAcrBHeM MolKer 6ttrl cKoJIb
yroAHo MaJrbrM, Ho He Moxer 6urt paeHbtM Hynlo.

CyuecreonaHl,re cJIeAcrBHq Ha HeKoropoM KoHerIHoM paccror-
Hr.rH or npHqHHbI flBrqerct pe3yJlbrarou A.nnHnofi qenlt npHqI{HHo-
cJreAcrBeHHbIx npeBpaqeHnfi. flpuuuua, r. e. cHJIa, B BHAe HMnynb'
ca ABHx{yulefics roqxn [epeHocurcs lls oAuofi roI{KH npocrpaHcrBa
B Apyryp, rAe oHa Mo)KeT BbI3BaTb CJIeACTBHe, CTaHoBtlqeecq [pH-
,rgnbfi rasil4eHeHufi B cneAyrounx roqKax. B pesy.nlrare raxotl gcra-

$eru cJIeAcrBHe Moxer oKa3arbcfl Ha HeKoropoM KoHeqHoM pac-
irosHlrlr Ax or nepBonaqaJlbHoro noJIo>KeIIHt npHr{HHbl' Sror npo-
qecc nepeHoca HMnynbca onucblBaercq o6uqHofi uexasarofi' Hac
xe 6y.uer HHrepecoBarb B npuquHHo-cJleAcrseuuoft qelru To eJIe-
MeHTapHOe 3BeHO, rAe TIpOHCXoAI{r npeBpalrleHl{e npuqHHbl B CJIeA-
crBne. Herpnnua.nluufi ctrtuc.rr aKcHoMbI II gaxrloqaercfl B roM, qro

oHa B no.nHofi Mepe orHocrrcfl. u K aroMy HenocpeAcrBeuuoMy npe-
BpaureHHIo npHquHbI B cJIeAcrBHe. AefrcrsuTeJlbHo, pa3 npI'IrihHbl
H cJreAcrBxt He MoryT 6Hrl coeMelrleHhl, ro MexAy HHMH AoJI)KHo
cyulecrBoBaTb HeKoTopoe IIpocTpaHcTBeHHoe pa3nHqHe, Koropoe MbI
O6Ogua,rara CI,IMBOJIOM 6X. C TOTIKH 3peHI{f MaTeMaTHqeCKOTO aHa-
rnsa 6r tBrqercq pa3MepoM ToqKH H Aonx(Ho ct lnTarbcg paBHbIM
HyJrro npn o6uuHbIX MareMaruqecKnx onepauHsx, HarIpHMep npn
BbrrrtrcJrennflx AJTHHII ncer? npuvuHHo-cJleAcrseHHoft Ilenn',[,nn ru-
paxeHHrr ycJIoBHfl HenpoHIiIIaeMOCTH MarepHaJlbHblx ToqeK MbI BbI-
HyxaeHbr noJlb3oBarbcfl 3THM noHsrneM, xorfl oHo ll ne paspa6o-
TaHO MaTeMaTHqeCKn. OHSH,{eCrHfi CuElC.l l .  3TOrO nOHqTHfl nO3BO-

Jrf ler HaM paccMarpnearl  6x KaK HHrepear 6oree BblcoKoro no-
pqAKa MaJrocrH, .Iel\.I 6ecroHeqHo ua.nufi HHTepBan npocrpaHcrBa
s aHanrise. C uarcuarltqecrofi ToqKH 3peHnfl 3ror noAxoA tBJIs-
eTCr coBepueHHo He crpOrHM, HO oH AHKTyeTCfl QusuueCxaivt
cMbrcJroM pas6upaevoft  Hauu 3aAaqH'

flpHullua U CJteACTBHe BcerAa CBtSa_Hbl C paSHbIMH Marepl-ia,'Ib-
HbrMH TOqKaMH, no3TOMy nOnOXenne II qBJifleTCfl seO6XOAptlttuna
ycnoBrieM. 3rO o6CrOqre,'IrcraO CJIeAyeT noArIepKHyrb CneIIHanb'
HbIM NOJ IOXCHHCM:

III. f lpnuuHbl H cJIeAcrBIlf l, Bo3HI{KaIoulHe B oAHoft n roft xe

TOqKe rrpocTpaHcTBa, paSJIHqaTbCt He MOI'yT H npeACTaB"'If lIOr Co'

6ofi roxaecrBeHHble ttoHflTrf .
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Hanpnrr lep, Bo BropoM saKoHe Hlrcrosa yrBepxAaercs paBeH'
CTBO CIIJIbI H3MEHCHHIO KOIHI{CCTBA ABH)KEHH' B CAHHHIIY BPEMEHI{.

Moxer noKa3arbct, tITo cl{ny cJleAyer paccMatpllBarb KaK npH-'
qt4Hy, H3MeHeHHe >Ke KOd'IUqecTBa ABH111SHHq KaK CAeAcTeae grofi

npqqgHbr. OAUaxO COp,'IaCHO nOJIoX(eHHlO III Henlsn npoBOAHTb Ta-

xbro pasn"qHq. 3rH noHflTHff ro)I{AecrBeHHbl H, KaK AeJIar s csoeft

MexaHnKe KupxroQ, Lr3MeHeHLIe KOIHrlecTBa ABU)KeHKfl r\faTepnaJlb-

uofr ror{KK B eAHHHI{y BpeMeHH Mo}I(er cJIy)Knrb orIpeAenegHeM

cnJrbr, [pLIJIo]KeHHofi x srofi roqKe. Taxnu o6pasou, eropofi..3aKoH

HnrOrogi cJleAyer paccMaTpt{Barb KaK 3aKoH on6gareJlbHutfi, xax

ato#t'Jd":lffi'"t'f#If"ff:tfi|;b3y'cb oAHr.rM rroJroxeHHeM II,
Henb3fl yCTaHoBHrb pa3JIHqHt Me)KAy npuunuOrt H cJIe.[,CrBI'{eu. 3rO

BbtTeKaeT H3 Toro O6CT Oqre1tcTBa, qTO SgaX 0.f 3aBI,ICI'IT OT CI{CTe-

Mbr orcqera u cOBepueHHO [poI{3BoJIeH. Tenepl_MbI AOJIx(HU nafttH

o6crORreIrgrno, KOTOpOe yCTaHaBJIHBaeT e Mupe a6cOlroruOe

OrJliqlte 11pHr{nH Ot c.11eAcre11fi. HeCuorpa Ha 6onlurne ycneXH

eCTecrBo3HaHLIs. s. $n.nOCOQrin, MbI He MOxeM Crporo OnpeAeJII{Tb'
qro raKoe nprortrlt H c,reAcrsuq, 6yayutee H np-ollJeAuee' Mnt

3HaeM TOtbKO, qro gTH nOHqTUfl CBtl3aHbI MeXAy CO6Ofi: CJIeACTBIIe

BCerAa HaxoAtrTcr B 6yAyuleM no orHorrreHHn K npHqHHe. Taxuu

o6pasolr, oTJrHr{r.re IpEI{HH Or CJIeACTBUfi yCraHasrugaeTcs csofi-

CTBOM BpeMeHI,l.
lt ls roro o6croqrerrcrBa, qro cJleacrBne HaxoAlrrcfl B 6yAyIqeM

{Io oTHolileHHn K npHl{fiHe, f lpexAe Bcero BbITeKaeT cJleAyloqee

noJIo)KeHHe, Bno,IIHe aHarofarlHoe noJlo)Kennro III:

w. f lpuurEHur H cJreAcrBr.rfl BcerAa pa3AeJrffrorcfl BpeMeHerrl. f lpo'

Mex(yroK BpeMeHH MexAy npHunHofi H cJIe,lI,crBHeu uoxer 6urr

cKoJrb yfoAHo MaJIbIM, Ho He Moxer 6url paaHbIM HyJIIo'

B nonnofi t lenu i lpHtII ' lHHo-cJIeAcrBeHHbIx npeBpaueHnft, xorAa

C,Ie,[,CrBIie OKa3bIBaeTCfl Ha KOHeI{HOM paCCTOffHHU AX Or IIpHqI' lHbI'
,c,,reACTBI{e BO3HHKaeT noCJIe IIpHqHHbI qepe3 xOHe'{HtIft npOMeXyTOK

BpeMeHH Al. OrHorueHge srHx BSJII.IqHH L'x/Lt onpeAeJlser cKopocrb

pacnpoCrpaHeHHR c6rHaJIa,  KOTopaq CSTJIaCHO CpteqnaI IbHof t  reO-

pnr'r OTHOCHTeJ'IbHOCTH He MO)K€T [peBbllIaTb CKOpOcTb paCnpOCT-

baneHnq cBera cr .  B xaxAoM 3JIeMeHTapHoM 3BeHe'  fqe npHqHHa

!r cJIeAcrBHe pa3AeJlfl lorcs gJIeMeHroM npocrpaHcrlu 6.r, AoJIX(eH

cyu{ecrBoBarb a 3reMeHr pa3Jl r {q l ls  ape v eHn -6/ .  
f lousrne 6 l  eo

BceM coBepueHHo cxoAHo c noHsrneM 6x.  Hgstuu cnoBaMH, 6/

npeAcraB,'Iser co6ofi BpeMeuHylo loqKy, 
Koropyrc H3-3a cyqecrBo-

BaHrlfl pa3JIHqHfl MexAy npuvllHoft I{ cJIeAcrBHeM MbI He Mo}KeM

cqurar i  panuof i  HyJr lo.  Ec.nn,  HanpHMep, 'p I {qHHa BO3HHKaeT B Ca'

MoM KoHI{e nepaof t  ceKyHAbI,  To creAcrBue Bo3HHKaer B caMoM

HaqaJre eropofi ceKyHAbr H T. A. A.ns nOAcqera npoMelxyrKa Bpe-

MeHH B nOlHOfi npHr{r.rHHo-cJreAcrBeHHOfr IIenU MbI [ocTynHM co'

BepueHHo roqHo, ecJIH noJIolKIlM cyMMy Bcex 6l panuoft HyJIIo

n byaerra fioAcqnrbtBarb ro,rbKo BpeMfl pacnpo-crpaHenun liMnynbca'

Taxfiu o6paeou, BBeAeHHeM BeJrr.rrrHH 6l U 6X MbI HHCKOJIbKO He
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H3MeHfleM O6uqnux noAcqeTOB cKopocrl.I pagnpgcTpageHl{fl I{M-
nv.rlbca.' 

floroxeHne IV onupaercfl Ha cyqecrBoBaHrle y BpeMeHH npo-
CTefill lero cnOfiCtna, KOTopOe MOXeT 6Hrl HaSsaHO CKaIqpHblM HJIH
naCCHBHbtM. 3tO CeOft CTBO nO3BOJIf leT ycTaHaBnHBaTb AJII{TeJIbHOCTb

co6uruft Hnu AJrrrHy BpeMeHHbIx npoMexyrKoB' I'I3MepfleMblx noKa-
3aHHf,MH qaCOB. OCHOsHHe nOHflTHs KI4HeMaTI1KI,I - CKopOCTb, yCKO-

peHr.re H ApyrHe - onpeAeJlttoTcq c noMolllblo HMeHHO 9TOrO CBOII-

irAa apeneHu. OAHaKO grllM CsOftcrsO'l BpeMeHH HeJIb3t ycraHo-

Br.rTb pa3Jrgrtgfl MexAy npI{qHHOfi n cleAcrBgeM. AefiCregreJlbHo}
K a K H A n ' I n p o c T p a H c T B a ' 3 H a K I I p o M e x y T K a B p e M e H H 3 a B H c I j T o T .
npnHxrofi cuireulr cqera H nogroMy coBeprueH'o npo'3BoaeH. He-

o6xoanuo oTMeTHTb, qTO cr.rcTeMa cqeTa BpeMeHH Ue UOXer 6urr

QnrcnpooaHa u c rroMorrlbro HanpaBneHHocrH gHrpOnHH. Aeficreu-
TeJrbHO, [epeXOA MexaHl]qecXOft cgCreMbl B 6Olee BepOqTHoe cO-

crof lHge,  T.  e.  Bo3pacraHHe SHrponHH, npoHcxoAHT 6raroAaptr

HAyIr(eMy n MHpe HerpepblBHoMy pa3Apo6,reunro rIpHqHH: npHqHHbI

nepexoagr B CJIeACTBHg, KOTOpbIe cTaHoBtTct npHqHHaMI4 ApyrHx

c.leAcrsgfi 14 T. A. f loerorrly 3ra cHcTeMa cqeTa BpeMeHH, CaMa

ocHoBaHHafl Ha orrpeAeJreHup npuqgH H CJTeACTBI-Ift, He UOXeT AaTb

HHr{ero HoBofo u nprlBoAHT K raBroJIof HH: 6ya,yuee HaxoAl{rcfl

TaM, fAe cJIeAcrBHe, T. e. raM, tAe 6yAylrlee.
Co npeueH Hrrcroua B reoperl'Iqecrofi MexaHHKe

NPI{H'TO CI{HTATb' IITO Y BPCMCHI,I ECTb TOJIbKO OAHO

ceoftcreo. I4s cyulectBoBaHl'Ifl x(e pa3Jlnqnfl npHr{HH I'I

MbI BbrHy)KAeHbI 3aKJIIOqUTb, qTO y BpeMeHH ecrb eule

onL,rr, Heo6xoAHMo yx(e [IMerb HeKoropoe o6ulee npeAcTaBJIeHHe 06
3roM HoBoM rroHtrtln. floxaxeu relepb, rITo pflA csoftcrs xoAa
BpeMeHH Moxer 6otru no.nyqeH rofnrlecKll H3 aHaJII'I3a cQopuy.tlu'
poBaHHbIx HaMLI aKCHOM npI.ltInHHOCrL{.- 

C.ne4yer o)KHAarb, qro xoA BpeMeHH Hatrlero Mupa onpeAens'
ercr HeKoropofi .yHuaepcansHofi nocroRgsoft o[peAeJleHHoro 3HaKa.
flpn apyroM xoAe BpeMeHH era nocrotHHat Aon)Ksa 6atrl unoft
H Mox(er Aaxe HMerb apyroft sHax. XoA BpeMeHH Ao.n-xes 6sttu
onpeAeneH no orHoIueHHIo K HeKoropoMy lrHBapuanry. Hs Halllttx
aKcHoM cJreAyer, qro xoA BpeMeHH n,toxer 6utr oupeAeneH rto
orHorueHnlo K npocrpaucrBy. AeftctnnreJlbno, H3 conocraBJleHI'tg
nropofi H rrerBeproft axcnouu saKnroqaeM, uro 6yAyutee H npolueA-
uree BcefAa pa3AeneHbl cKoJIb yfoAHo MaJILilM, HO He paBHbIM HyJIK'
npoMexyrKoM rpocrpaHcrBa. Taxuu o6pasou HanpaBneHHocrb
BpeMeHH Mo)Ker 6ura onpeAeJlena KaK HanpaBJIeHue B npocrpaH'
srse. Hs no.noxennft Tperbero H qerBeproro cJleAyer, qro pa3-JHqHe
6yayurero or npouleAurero 0l crpeMurcfl K HyJIIo npn 0r--+0' 9ro
o3Harraer cyulecrBoBaHlle cBt3I{ Mexgy 0l n 6.r, Koropat npn Ao'
craroqHo MaJroM 6r Ao.ltxsa nMerb BUA

ot: ]- ox. (3)
Cz

Tax xax pa3rur{He 6y,uyuero or npoureAurero 6l BbIpa)Kaercr eAII-
HHqaMr{ BpeMeHH, TQ Cz npeAcraBfiqer co6ofi nocToflHHylo' I'�IMeIO'
1t1yn pa3MepHocTb cKopOCrH. 3saqOr ! c2 noCTaBJleH, .iro6r,I orJIIt-
qarb 3Ty nocrotHHylo or c1 - cKopocTH cBera, gsrq'rcqellcfl co-
IJIaCHO CneIIHanbHOfi reOpul1 OTHOCHTSJIbHOCTH oCHOeHOft xapaKre-
pucruxofi cKantpgorO apellenn. flocrogutrAf c2 flBJlflercs KaK 6bt
cKopocrblo npeBpaqeHHs.npuqHHhl B C.TIeACTBI{e n MOXer CJlyxHTb
rrlepoft xoAa BpeMeHI{. Ey4eu HasbtBarb xoAoM BpeMeIIH caMy
BerHtIHHy c2, I H? O6parnyro efi: 'Ielu 60nrure c2, r€M MeHbI[e npo'
MelKyroK BpeMeHH, oTBer{arculuft o,uHoray H ToMy >Ke HHTepBa,'Iy
npocrpaHcrBa, H, cJIeAoBareJIbHo, TeM 6uctpee HAer BpeMq.

,Hs noroxeHus V cJleAyer, qro xoA BpeMeHI'I ronlKeH oflpeAe-
flqTbcq yHnaepca.nrHofi nocrossuoft. floerolty rocrosHHsfl cz He

AOJIXHa 3aBHCerb He ToJIbKo or KoopAl'lHar ror{eK H MOMeHTa'
KorAa npogcxoAflT flBJIeHutl, Ho t{ or QHsH'recKHx cnoftcrn rer,
c KoropbrMu cBfi3aHbl npi.IqtiHbl H c,leAcrBuq. floroxegue V yrBep'
xAaer eulg, qro xoA BpeMeHH liMeer onpeAeJleHHufi 3Hax, I{HBa-
pnanruufi AJIfl Bcero Mupa. Taxnu o6paeou, .[ocrofiHHafl cz LoJr-
)KHa HMerb O[peAeneunnft 3HaK, He3aslrcgqafi or cl{creMbl cqeTa
0r u 61. Huuutt crIoBaMIi, a Qoprrly.rre (3) rpe6yercfl HHBapHaHr'
Hoe coruracoBaHue sHaKoB. 3saxu y 0.r n St, sxo,(qqux r Qopnay.ny
(3), coaepureHHo npou3BoJIbHbI I'1, KpoMe rofo, He Mofyr 3aBl{cerb

Apyr or Apyfa. 3ro c;le4yer, HaIIpHMep, Id3 roro' tlro npu Bo3MO)K-
n6nr a6co.tuorHoM pagnHrIHH 3HaKoB 6l ne MolKer 6um a6co.lrcr-
HOIO pa3JIHqHt B npocrpaHcTBeHHblx HanpaBJIeHHflX,.r. e. B 3HaKax
6x, n|cxo.nbKy npocrpaHcrBo He nMeer raKr.rx csoficrs. floarouy
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u Qusllxe
naccHBHoe
creAcrgHft
HeKOrOpoe

oco6oe csoftcreo.
3ro csolicrBo BpeMeHIt 3aKr'Ioqaercfl B orJII'Iql4H 6y,ayuero or

npo[IeAlgefo It Mo>Ker 6url Ha3BaHo HanpaBneHHocrblo HJII{ xo-

AOU. Haure ncHxoJroruqecKoe ou,yqeHHe BpeMeHr,r H ecTb BocnpHfl-

rue o6texruBHo cyqecTByloqero B Mnpe xoAa BpeMeul. Becllraa

HHrepecHo, r{ro aKaA. B.- Vl. BepHa,Ucxufi e cBol'ix o6o6uenusx
B0npocoB ecTecrBo3HaHHfi npHUieJI K 3aKJIIOI{eHHIO: (.. . BpeMfl HaTy-
pannira He eCTb reOMeTpHr{eCKoe BpeMrr MunnOgcroro u He B-p-eMfi

MexaHHKH H Teopergrleci<ofi Susurlr, xr-rMrig, fanu.nes nnu Htn-

"o"u, [6]. Mu e"AHIuI, tlro 3rI'I cJIoBa rny6oro crpaBeAnHau' [eIl-
CTEr.rTe,'IbHO, AJIfl HaTypaJMTa, KaK V g O6bIAeHHOfi >fftl3HH, nepBo'

cTeneHHoe 3HaqeHHe HMeeT Ha[paB,teHHocTb BpeMeHIa'  noHtlTHe'

KOTOpbIM COBeplueHHO He no,'rb3oBaJrncb roqHble HayKH. Teneps ttllt

MoxeM Qoplray.uupoBarb cneAyloqee rIoJIolKeHI{e:
v. Bpelar o6naAaer oco6urr,r, a6co.nnrnuM ceoftCrsoM, OrJIH-

qabuIHM 6yayuree or npoueAurero, KOrOpOe..MOXet 6ntrl Ha3BaHO

HanpaBneHHOcTbtO HJIIi xOAoM. Sruttl csoftCrsoM onpeAeJIf erca

OTJIHqHe npuqgH OT CJIeACTBufi, n6O CIeACTBH1 HaXOAflTcq BCerAa

n 6yayuteu lto orHouIeHI{Io K npHqHHaM.-jrb 
no..rreAHee noJro)KeHge BBSAHT B MexaHHKy HoBoe QHsltue-

cKoe noHsrge - xoA BpeMeHH. CsoficTBa STofO nOHfTI'Iff AOJIXHbI

6url nogpo6tto l. lSyueHbl OnblTOM. HO qrO6u 3Harb, KaK nocraBgrb
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cofnacoBaHHocrb 3HaKoB n Qopuy.ne (3) eosnaoxHa roJrbKo B ToM
cJryqae, KorAa npr{ H3MeHeHrlH gHaKa 6t uttu 6x MeHqercfl I{ gHaK
c2. CoeMecrnrb nepeMeHy 3HaKa c2 npl{ r.r3MeHeHLIn suara 6x
c ycJroBHeM HHBapl{aHTHocrH Mox(Ho roJtbKo oAHLIM cnoco6orrr:
tlocroFHHafl c2 Aoil>r<tra 6url nceBAocKaJrspoM, T. e. cKaJrflpoM,
MeHflIoIIIHM csofi sHax npn nepexoAe or npanoft cprcreMbr KoopAr,r-
Har K JreBofi r.r o6parHo. B arou cryqae 6l .u,onxHo 6Hrl nceeAo-
BeKropoM.

lloxaxeu, uro Qopuy.na (3) ue 6yAer 3aBncerb H or cHcreMH
cqera 6l npn ycJroBr.ru, qro 6l qBrflercf [ceBAoBeKTopoM, opueH-
THpyrour.rM rrJrocKocrb, nepneHAHKyJrrrpHyro K ocr{ npHqHHa - cneA-
crBne. AeftcrsureJrbHo, H3MeHHM r $oprray.ue (3) nanpaaJreHne octl
X, r. e. 3Hax 6.r, coxpaHrq opueHrarrurc rrJrocKocru (YZ), a cJreAo-
BareJrbHo, H gHaK 61. Tarc KaK npu groM H3MeHHJrcfl THrr KoopAH-
uaruoit cucreMbl, To nceBAocKaJrflp cz Ao"rIXeH nepeMeHnTb 3HaK
H o6e qacra paBeucrBa (3) ocranyrcfl cornacoBaHHbrMu. flonepueu
Tenepb Bcro KoopAuuarHyro cncreMy rax, vro6n r{3MeHnJrocb Ha
o6parHoe HanpaBJreHHe ocn X. Tor,qa H3MeHHrcr Ha flportBono-
Jro)KHyro opneHTar{Hfl n.rrocKocru (YZ), r. e. sHaK 61, n, KaK BHAHo
us Qopruynu (3),  c2 H€ H3M€HHr 3HaKa. Toqso raK xe npr{ HeH3-
MeHHoM Ha[paBJreHHH ocH X, nguennB cr ler speuenu na o6paruuf i ,
Mbr rl3MeHHM opneHrarrlrro nJrocxocru (YZ) n, cJreAoBareJrbno, 3HaK
nceBAocKaJIflpa c2. vtax, ucxoArl H3 aKcHoM [p[rIHHHocrH, MbI npu-
rxJrr.r K c.nelyrcqbrr,ry ocHoBHoMy BbIBoAy:

l. Mupoooft xoa BpeMelrH onpeAensercq yHHBepcaJIbHbIM nceB-
AOCKaJISpOM c2, HM€IouIHM pa3MepHOcrb cKopocrl-i.

TeopernvecKas MexaHvKa u Qnsnxa noJrb3ylorcr cKaJIflpHbIMIt
Be,rrHqHHaMH roJrbKo rrepBofo poAa HJra npocro cKaJIffpaMH. Tenepn
Mbr Aor'rx(Hbr BBecTr,r B MexaHlIKy nceBAocKaJlflp c2. o6paulancr
K HsBecrnbrM yHHBepcaJrbHbIM nocroflHHbrM, Mbr HeMeAJIeHHo y6ex-
AaeMcfi B roM, qro eAuHcrseuHofi nocroaunofi, Koropyp MoN(Ho
cquTarb nceBAocKaJrspoM, qBrtercfl nocroflHHafl flaaHxa h. [eft-
cTBHTeJIbHO, gTa nOCTOflHHag, UMeIOUIaq pa3MepHOCTb MOMeHTa
KOTHI{CCTBA ABHX(CHHf, ONPCACIqET CTIHH 3JIEMEHTAPHbIX IIACTI,Iq

H Bce MoMeHrbr KoJrr{qecrBa ABHX(eHHn B aroMe. A.rrs co6nro,u,eHufl
KBanroBbrx ycloeuri npn nepexoAe or npasoft cncreMbl KoopALIHar
r ,reeorl ecrecrBeuHo cr{HTarb, trro npu TaKoM nepexoAe MeHflercfl
Ia 3HaK rrocroflHHofi fl.uanxa, T. e. qro oHa tBJlffercfl nceBAocKa-
JrspoM. Tenepr, c noMoulbro h u lpyrofi $uenuecrofi nocrofiHHofi,
gaBeAoMo l.ruetoIrlefi csoftcrsa npocroro cKaJlffpa, MoxHo o6paso-
Barb nocrosHHyro c pa3MepHocrblo cKopocrn. .Ilerxo y6eAurlca,
qro cyuecrByr,ouraq Bo3Mo>KHocru au6opa iIpHBoAHT K eAHHcrBeH-
goli xou6HHaqna, oAHo3HaI{Ho onpeAeJIqIou{efi rrceBAocKaJIrp czi

350 xr'l/c,

rAe r{epe3 e o6oeuaqeH 3aprlA gneMeHTapHofi 'IacrHqH. 9llcnoeofi
roesQrauueHr o npeAcraBJlfler co6ofi 6espasuepnufi MHox(HTeJIb,
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c ToqHocTbro Ao KoTopoFo Mbr onpeAenHnH BeJrHr{HHy ct. cJe.{yeT
oll{rrAaTb, qro HerorrHocrb, cBfl3annat c ernr,t 6espa3MepHblM MHo-
)KI{TeJIeM, He MOX{er H3MeHHrb nOpflAOK BeJrHqHHbr Cz. B AefiCrsH-
TeJIbHocrI{ u3 onbrroB, o Koropbrx Mbr 6yaeu roBopuTb BnocfleA-
crBHr.r, MolKHo 3aKJIIorIHTb, '.rro a:2. Beclua 3HaMeHareJlbHo, qro
nOCTOtHHat ,  qHCJIeHHO paBHaf i  C2,  OI Ip€d,€J Iqer  yC, ' IOBnq ( l )  A  (21

o6paaoeaHnq 3HeprHr.r  B 3Be3Aax. 3uauesnran 6eepasuepHas no-
croqHHarr rosxoft crpyKTypbr oKa3brBaercq orHoureHHeM cz A cr,
r. e. orHoIreHHeM ocHoBHbrx xapaKTepncrr.rK rByx ceoftcrn BpeMeHn.
flpH raxou noHr.rMaHr,rn nocrosuuoft rouxofi crpyKrypbr cranoBurcn
ecrecrBeHHbtM H coBeplxeHHo He yAaBHTeJrbHbrM cyrqecrBoBaHHe
erofi 6eepasuepHofi nocrosHuofi. flonyveHuaa oqeHKa BeJHI{uHbt
cz (4) rro3BoJrffer npeABr.rAerb pa3MepbJ eQSerron npnvunnofi Mexa-
HHKrl, Koropbre AoJrxHbr 6url na Mnoro nopflAKoB 6o.nr:ue s$$ex-
TOB TeOpUU OTHOCHTeIbHOCTH.

flpoHsseger"r o Sopuy"ue (4) npeAenbHrrfi nepexo4: h-->0; rorAa
c2->oo u cofJlacHo Qopuyae (3) 6l BcefAa 6yaer paBHblM HynK).
Sror c.nyvar? cooreercrByer o6H.{Hofi MexaHHKe, n xoropoft orcyr-
crByer rrerBepTarr aKcHoMa, r. e. 0/ BcerAa npeAnoJlaraercfl paB-
HbrM Hynlo. Taxnu o6pasou, npene6peras nocrossnoli l l.nauxa,
MbI, KaK H B aroMnoft tr,IexaHuKe, fiepexoAl{M K 3aKoHaM o6H.IHofi
MexaHHKH. !,pyrofi npeAenbHbrfi cnyvaft noryqaerc.E, KofAa nocro-
ffHHaq fi;rauxa Haquuaer Hrparb or{eHb 6orrnyrc porr. 3ror cny-
qaft coorsercrByer aronanori MexaHr.rKe, Anfl Koropofi no Qopuy.tle
(4) no.nyua€rcf c2:Q. llpn eroM ro Qopuy.ne (3) 6.r BcerAa paBHo
Hynlo. B grou cryqae cornacHo aKcHoMe III npnuunbl H cJIeAcrBHs
cnHBarorct B Tox(AecTBeHHbre IIoHflTHf, qro H tBJIqeTcfl cyqecrBoM
arouHori  MexaHHKH.

tDopuy.napyeM Tenepb Haruu 3aKJIroqeHr.{fi :
2. Mupoaofi xo.u, BpeMeHH cz c rorlHocrblo Ao 6espasuepHoro

MHOXHTeJTfl rropqAKa eAHHI.IIIb{ paBHreTCfl yHIiBepCaJIbHOMy nceBAo'
cxanqpy ezf h, uuerorllerrry pa3MepHocrb cKopocrn..3Hax xoAa Bpe-
MeHH AoJrx(es 6um onpeAeneH onbrroM.

floraxeu, qro 3HaK xoAa BpeMeHH no3Bonser a6co.nrorHo o[pe'
AenHTb noHqrnfl rlpaBoe H JreBoe. feolterpna pa3Jlnqaer npaBoe
or JIeBoro roJIbKo orHocHTeJIbHo, H caMa tto ce6e reouerpufl He
MO)KeT OIIpeAe,'ILITb, qro Ha3blBaeTcq npaBbIM H qTo Ha3hIBaercff
JIeBbrM. flogcsurvr gTo cneAyrolllnM npHMepoM, 3aHMcrBoBaHHbIM
y faycca t i ] .  Boo6pasnu ABa cyutecrBa, L3oJIHpoBaHHbtx Ha-
croJlbKo, r{To Her Aa)I{e HH oAHofo npeAMera, xoroputl ottn o6a
xorAa-,rn6o BHAeJTH. .[,onycrnu, rITo oHri Moryr coo6ularr 4pyr
Apyry cBoH MbIcJrH r.r cBoH na6lrcAeunfl Har, Mnpou. KaxaHri Hs
HHX MOXer nocTpoHTb cHcreMy reoMerpHr.I, npHqeM oHH cMoryT
AOtOBOpHrbCfl H COrJIaCOBarb BCe reOMeTpHrlecKIae oIIpeAeneHHR.
Oun o6uapyxar, qro cyqecrBylor c paBHb{MtI gJIeMeHraMH Heco-
BMecrriMbre reJla u raKHM o6pa3oM npHAyr K seo6xoAHlrlocru
orJrfiqarb rrpaBoe or neBoro. Ho cor.nacoBarb cBoI{ onpeAeJlenufl
rrpaBofo H JreBoFo oHH He cMofyr. Ans eroro neo6xoAl.tuo o6uee

(4)e2
C 2 : g - T : A '



TeJro, r. e. Marepnaarguft Mocr MexAy HHMH. Tax 6y.ler o6croqrr
AeJro, noKa Hauu noo6paxaeMbre cyulecrBa SaHnMarorcfi ToJrbKo
reoMerpHrrecKHMr.r nocrpoeHHrMH. Ho Konb cKopo oHH nepefiayr
K n3yqeHHFO MeXaHHqecKHx H Apyfux Rsnenuft npupoAbl, 6raro-
.qapq xoAy BpeMeHH oHH AoJrxHbr o6HapyxrErs o6rexruBHoe
orrHqHe npaBoro or JreBofo H cyMerb ,[oroBopHrbcs o6 Hx onpe_
AEJICHHII. ICfiCTAUTCJIbHO, KAK MbI BHAEJIH, 3AKOHbT MCXAHHKI.I
.[,OnxHbI COAepxaTb nceBAOCKaJrsp Cz. floarouy, npol{3BoAr HeKo-
TOphle OnbITbI, MO)KHO yCTaHOBItTb 3HAK C2, T. e. yCTaHOBHTb, B Ka-
xofi ct'rcreMe KoopAnuar - npaeoft HJIH .[esofr- nocrornuar c2
I{Meer IIoJro)KHTeJrbHOe 3HaqeHr,re. orcrcla rIonyqaercr Bo3Mo]K-
lrocrb AofoBopr.rrscs o6 onpeAeneHHH npaBoro u JreBofo. TarEu
o6pasou, cyuecrByroutr.rfi xoA BpeMeHr.r, Aa)r(e npu noJrgoft asorg-
UHH' CBfl3blBaer Bce, reJra B Mnpe h Hfpaer poJrb Toro MarepHaJlb-
sono Mocra, o HeooxoAr.{MocrH Koroporo roBopnJr faycc. floarorray
rvroxHo_ Qop Myn HpoB arb cJreAyr,ounft sbrsoA:

3. Cyutecrnyroulufi e Mupe xoA BpeMeHr{ ycrauaBJrnBaer B npo-
crparrcrBe o6terrprsHoe orJIHqHe npaBoro or JreBofo.

-lrleyuwrenbHbrM rBrqercrr ro o6crosreJrbcrBo, qro B upupoAe
.qeficrsurelbHo nMerorcr 6pocarcrqgecfi B fJra3a o6rexrusubre or-
Jllrrrufl npaBofo oT JreBoro. Srtl or.tuqfiff AaBHO HSBeCTHbr B opra-
HHqecKoM MHpe. MopQo.rrorHr x<HBorHbrx rd pacrenufi ,(aer MHoro-
qr.rcreHHbre 

{qyMgpbr ynopHofi, nepe4arcu1eficr ro HacJreAcrBy
ACHMMETPI{N [8] ' .  HANPT,TUCP, Y MO'JIIOCKOB B NOAABJIf l IOIqEM qHCJIC
cryqaeB paKoBHHbr saKpyqenbr B npaByro cropoHy. flpeo6.na4anne
onpeAeJreHnoft cNnrprerpnu na6.rrroAaercr H y M[rKpo6os, o6pasyrc-
UIHX KOnoHHr.r crHpallHofi crpyKrypbr. v eucoSoopraHHsoBaHHbrx
cyqecrB acHMMerpuqecKoe noJroxeHHe opraHoB BcerAa noBropfl-
ercq, HanpHMep cepAue y [o3BoHogHbrx, KaK npaBrrJro, pacnoJro-
xeHo cJreBa. flolo6nas acnMMerpus cyqecrByer H y pacreHufi;
ganpr{Mep, B npeAnorrrnreJrbHocrn .rreBbrx cnupaleft y [poBoAslrtnx
cocyAoB.

B cepe4ane npounofo BeKa JIya flacrep orKpbrJr acuMMerprlrc
nporon,'Ia3MH H pflAoM gaMerlareJlbHblx HccJIeAoBaHnfi noxa3a.n, vro
acHMMerpHfl qBrflercff ocHoBHbrM csoftcrsol\,r xHgHLI. B Heopraun-
qecxofi rlpupoAe crepeou3oMepu o6pasyror peUeMarbr, r. e. cMecg
C OAHHAKOBbIM KOJIHqECTBOM IPABbIX H JIEBbIX MOJICKYJI. B NPOTO.
nJra3Me xe Ha6lrcAaercr pegKoe HepaBeHcrBo npaBbrx H ,reBbrx
Qopr'r. Bos4eficreHe Ha opraHH3M rlpaBbrx rr JreBbrx r.rsoMepoB
qacro BecbMa pas.nHuuo. Tax, HanpuMep, JreBoBpau{arcu{afl rJlro-
Ko3a ttogru He ycBanBaercfl opfaHHsMol.t, JenuIft HHKoTHH 6o.nee
tAoBr.rr, qeM npaBbrit, u r. n. B sacroflulee BpeMr Bce srn Bonpocbr
cocraBJrrnr 6o.nuuyrc HayqHyro npo6neuy [9], Ha roropoft nau
He Mo)KeM ocraHaBJlHsarrca. .[,;rn Hac BaxHa npr.rHrl[rrHanbHafi
cropoHa AeJra: acHMMerpHq Moxer HMerb QnsHvecxnft cMbrcJl
TOJTbKO npH CyIUecTBOBaHLIn HarrpaBneHHocTH BpeMeHH, nO3rOMy
ACHMMETPI{fl XH3HH AOKA3bIBAET CYIqCCTBOBAHHC HANPABJICHHOCTIT
y BpeMeHH, T.  €.  HecHMMerpHqHocrH uct l lHHof i  MexaHHKH. Cyue-
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crBoBaHHe HanpaBJIeHHOCTr,r BpeMeHH rax uexoropofi $uanvecxofi
peanbHocrl,I BbrreKaer .qaxe npocro H3 CaUOrl BO3MOXHOCTTT
XH3HH. .[leficrnareJrbHo, cyulecreo xH3Hr.I 3aKrroqaercfl B rrpoqec-
cax, HanpaBJreHHbrx nporHB BospacraHHfl 3HrporrHH. 3ro o3Haqaer,
tlro B opraHLISMax B HeKOTOpbrx npoqeccax xoA BpeMeHr{ MOXeT
orJrHqarbcfi or Mr{poBoro xoAa BpeMeHr.r. floarouy noAo6Ho acrpo-
QH3HrrecKItM AaHHblM ToqHbIe 6uo.noruqecxae onbrrbl AoJrlKHbl
noKasaTb B npoqeccax XH3HH HapyuleHr.re o6H'tHoro 6a.nagca SHep-
IHH H3-3a HcrroJtb3oBaHltfl xH3HblO Mr{poBoto xoAa BpeMeHH.

PaccuorpnM eqe crelyrculnfi Bonpoc: KaKoB Ao!,rxen 6urr
Mup, n KoropoM reqeune BpeMeHH nporrdBonono)Kuo Ha:uemy? Hs-
MEHHTb SHAK XOA 

 

BPCMEHH 3TO 3H qHT I,ISMEHI,ITb 3HAK NOCTOSHNOTI
c2 B TOit )I(e CHCreMe KoopAr{Har. Tar KaK 3aKOHhI MexaHHKH AOJr-
xgu 6url oAHHaKoBbIMu, KoJrb cKopo c2 HM€€T ror xe 3HaK H To
)r(e 3HaqeHHe, To MexaHHKa Mupa c o6paruuM TgrreHneM BpeMeHH
AonxHa 6url roxAecrBenHa MexaHHKe Haruero Mnpa c nporuBo-
no.noxsori opHeHTaqHefi xoopAunar. flporunonoJroxHafl opHerrra-
IIHfl noJryqhrcs ripH 3epKanbHorra oro6paxesuw. VraK, Mbr npuxo-
AHM K reopeMe, Bbrpaxarcqefi cyqnocrt saurefi MexaHHKH:

4. Mrap, B KoropoM TeqeHHe BpeMeHH nporriBonoJro)Krio HarueMy
npri yc_d'r_oBlru Aeftcrsar rex xe cHJI, AoJrxeH 6urr panuorreHeH Ha-
IueMy Mupy, orpax(eHHoMy B 3epKane.

B sepxa.nrHo orpa)Kennou Mnpe nonHocrbro coxpaHsercq npn-
quHHocrb. llosrouy n Mxpe c npornBonoJroxubrM reqeHneM Bpe-
ueHu co6urnq Aorx(Hhr pasBnBarbcfl croJrb x<e 3aKoHoMepHo, KaK
H B HaueM Mupe. flpu nro6oM reqeHHH BpeMeHH .rerosex 6yaer
xoAnrb, xax o6H.rHo, JrHr{oM BnepeA. Taxnu o6pasou, Mnp c o6-
paTHbIM TerreHHeM BpeMeHIt He tBJIrIeTCt, KaK IIoJIataloT qacTo,

lauoQn.ntuolr Harlero Mnpa, nyqeHHbrM n o6pariryru cropoHy.
AeficrenreJrbHo, B TaKoM xuHoQH.nrue [pHrrHHHocrb Hapy[reHa, H
9y He Mo)Ker npeAcraBnsrb peaJrbHo Bo3MoxHoro Qnsnuecxoro
Mupa. B.rraro4apn HanpaBneHHocrH BpeMeHH 3epKaJrbHo orpax(eH-
rirrrl Mup no cBoHM MeXaHHqeCKpnr csol:tcrBaM AoJrx(eH orJlHrlarbcf
or Ha,urero Mupa. flpe,lcraeuM ce6e, rrro Mhr B 3epKane Ha6;rro-
Aaeu .na6oparopxp, n roropoft npou3BoArrcs HeKoTopHe MexaHH-
qecKlre onbrrbr. 3epxa.no H3roroBJIeHo croJrb HcKycHo, qro Mbr He
MolKeM sroro 3anoAo3purt. OAuaxo, cJreAfl sa pesy.rrttaraMr,r HeKo-
Topbix cleqitar'rbnhrx orrbtroB ,na6oparopun, Mbr Aonx(HbI 6y4errl sa-
MerHTb, r{To oHH nporuBorroJroxnbl creAcrBuqM npuvl.rHHoft Mexa-
HprKr4. Taxau o6pasou, y Hac BcerAa 6yaer BogMolKHocrb orJrHqurb
noA, 'rnHHyro na6oparopHro or ,ra6oparopHH, oTpaxeuHofi  e 3epKane.
O6H.{Haq }r{e MexaHHKa yrBepx(Aaer HeBo3MoxHocrb noa66goro
3aKrror{eHns. Ouru6o,{Hocrb groro npuHrruna B Hacroffulee BpeMt
AoKa3aHa HaqaTbrMH no HHuuxaraee .IIn n flsra HccJrenoBaHilflMw.
ycraHoBHBruHMn HapyueHr.re I IpHHrIHna coxpaHeHHr qerHocrH
B qAepHbrx npoqeccax npu c.na6ux B3anMoAeficrsfisx. Vqurunas
)Ke npoqeccbr xHsHH, 9ror npHHuHrr onpoBepraercff gneMeHTap-
HbrMH ua6.nnAesuauu. !,eficrBHreJrbno, cJreAfl 3a JrHuaMH, Korophre



B orpax(euuofi aa6oparopnr4 nporl3BoAsr orrbrrbr, Mox(Ho cpa3y
3aMerurb, r{ro oHH pa6orarcr Jlesorl pyxofi, HMeIoT Heo6H.rafiHoe
pacnonox{eHue opraHoB, a rroroMy Hepeantun. HaAo AyMarb, rrro
TaKtrMH JrroAbMLr crad'rH 6u uu npr.r o6parHoM reqeHHH BpeMeHH,
ecJrH TOJTbKO np[I erou 6yayr coxpaHeHbr cHJroBbre noJrfl Harxefo
Mnpa.

floc.ae cAeJraHHoro orcryrtreHHq B03BparHMcfl K BblscHeHHro
Aa.nrHefiurux cgorlcrn xoAa BpeMeHn. Bce [purrr.rugo-cJle,q,crBeHHbre
cBfl3ir Mnpa xapaKrepr{3yrorcq yHHBepcanbHbrM nceBAocKaJrrrpoM
c2. Bcnxan KouKperuafl npHrrHHHo-cJreAcrBeHHas cBr3b onpeAeJrs-
ercs eule npocrpaHcrBeuHbrM HanpaBneH[reM, opr xoroporo o6o-
3HaqHM r{epeg i .  Taxnu o6paeou, c trpuul lnno-cneAcrBeHHbrMu or-
HoIIIeHHfiMH Aonxubr 6urr cssgaHbr nceBAoBeKTopril xoAa BpeMeHH
icz. O6croflreJrbcrBo, corJracno KoropoMy xoA BpeMeHH orrpeAenfl-
€TCfl nceBAOBeKTOpaMH, MOX(eT r.rMerb eule cJle!.yloulee noffcHeHne.
Bexropu xoAa BpeMeHH AoJrlr(Hu 6urt HanpaBneHb[ HeKoropbrM
o[peAeJreuuuu o6pa3oM B gaBHcHMocrr.I or noJro)I(eHnfl npr,rquHbr
H cJIeAcrBIin. flpe.acraBnM renepb, rrro xoA BpeMeHH so eceM Mnpe
HgMeHr,rJr 3HaK Ha o6parnufi, pacnoJrox(eHr.re xe npprr{HH H cJreA-
crsnft B [pocrpaHcrBe ocrarocb Her.r3MeHHbrM. Ha nepeoro ycnoBns
BbrTeKaeT, r{To gTH BeKTOpbI AOfl)KHbr H3MeHHTb 3HaKH, H3 BTOpOTO
x<e, qro oHH coxpauuJrn cBoe HanpaBJreHne. leouerpHr Aaer eAI{H-
crBeHHyto Bo3Mo)KHocrb cofJracoBaHrr. erux rpe6osaHr.rfi: xoA Bpe-
MeHH npeAcraBJrfler co6ori nceBAoBeKTopbr, a ilpu H3MeHeHHsx
SHaKa XOAa BpeMeHn Mbr flpocro AoJI>KHbI noJrb3oBaTbcrr ApyrHM
THNOM OP}TCHTAqHH KOOPAHHATHbIX CHCTCM.

Aoxaxertl renepb, r{To Arfl npHr{uHH H cJteAcrBufl [ceBAoBeK-
ropbr xoAa BpeMeHH icz ,u,olxgu HMerb pa3Hbre 3HaKH, r. e. 6orrn
n pfl M o nporn BonoJro)KH biM H. Aefi crsureJlbHo, cJreAcrB I{e HaxoAl{Tcfl
a 6y4yu1enr rto orHorrreHr.{ro K npr]suHe, a npnrruHa B npoureArrreM
lro oTHoIIIeHH]o K clreAcrBuro. floeronry 3HaKr4 6l a;rs npkqnHbr
H cJre/LcrBr-{rr AoJI)KHbr 6url nporuBorroJro}KHuun. HgsrMH cJroBaMH,
nepeHocfl ToqKy 3peHHff [t3 flpHril,IHbl B C,'reACTBLIe, MbI MeHseM 3HaK
y 61, r. e. nepexoArrM K rrporuBorro,troxHofi opuenraql,Iu n.locKocrH,
nepneHAnKynnpuort K ocu rtpurrnHa - c,'reAcrBue. Tenepn .ilerxo y6e-
Aurbcs B roM, qro KaKHM 6u nyreu uu 6un o[peAeJreH opr l ,
I IceBAoBeKrop ic2 AoJrxeH MeHrrb 3HaK npH [epexoAe or npaquHbr
K cJreAcrBnro. B caMoM AeJre, npu QuxcHpoeanuou i 6yaer rr,te-
Htrbcr rnrr  xoopAl iuaruoft  cucreMbr npH nepexoAe or rrpHqHHbr
K cJIeAcrBHr.o. B peeynbrare irocroqHrlaf cz AoJr)KHa H3MeHI.trb 3HaK,
a cneAoBare,'rbHo, H BeKTop ic2. Ecttu x<e rrpH nepexoAe or npa-
qIlHbI K cJIeAcrBHro Meutrb 3nax i, To 3HaK c2 ocr&Hercfl HeH3MeH-
nuu. floeroMy Lr B groM cJryqae nceBAoBeKrop ic2 r.rsl.reHr.rr ceofi
sHaK. OrcnAa noJryqaercfl BbrBoA:

5. Xolorr,r  BpeMeHH raxAorl  npnquHHo-cneAcrBeHHofi  casgn sg-
Jrrrercfl pea.nluuft Qnauvecxnft npo{ecc, xoropufi npeAcraenserct
uceBAoBeKTopoM ic2, HMerorII,rM Ad'rr npHqr4Hbr rr cJreAcrBHq nporn-
BOnOJIO}KH ble HaIIpaBJIeHHrI.
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LIraw, BpeMs o6.naAaer cJreAyroulnMrl aByM.rr cnoftcreaNtlt:
I ) ceoricrso cKanqpHoe, Koropoe BbrpalKaercr cyu{ecrBoBaHLIeM
npoMelKyrKoB BpeMeHu lA/ l  u 2) csoftcrso BeKropHoe, Koropoe
npeAcraBnflerct nceBAoBeKropaMr.r xoAa BpeMeuu *ic2. Xo4 npe-
MeHu KaK pea.nrHufi $neuuecxufi npouecc, npuBoAqullifl c roqrn
3PCHI,Iq TIPHqHHbI K CYUICCTBOBAHHIo TICCBAOBCKTOPA OAHOTO 3HAKA,

a c ToqKH 3peHl, l f l  cJreAcTBr{ff  -  nceBAoBeKropa Apyroro 3HaKa,

PABHOIICHCH BPAIIICHI{Io NPUqUHbI OTHOCHTCJIbHO CJICACTBITfi  C JII{-
Heirnofi cKopocrbro c2, vilvt Hao6opor. O6rqcHeHr.re 3ro QopuanrHo
qBrflerct coBeplxeHHo ror{HbrM. OAgaxo Bo3HHKaer ecrecrseuHHft
Bonpoc, B rIeM cyrrlHocrb 3Toro qBfieHHfi r.r KaK Mo)KHo HahltAHo
ce6e npe,u,craBHrb BpauIeHHe AByx 3aBeAoMo HenoABH)KHbIx rorleK
c ronequofi .naHeftuoft cKopocrbro. Ha gror Bonpoc Mbr He MoxeM
cefiqac orBerr.rrb. Ho uoxlro HaAeRTbcf,' qro 9To qBreHHe craHer
rcHee B peSynbTare onblTHbrx I{ nocneAyrolIlHx reoperH'{ecKIlx uc-
cJIeAoBaHHfi. flosroMy HaM ocraercr noKa noJlb3oBarbcfl ToJtbKo
$opt'.ra.nruuM npeAcraBJIeHIteM o xoAe BpeMeHLI xax o6 orHocLIreJIb-
HoM BparqeHr.ru npur{tln n cneAcreuft.

llpeacraeuM ce6e, rlro rrpgqgua H cJIeAcrBHe cBff3anbl c AByMfi
MarepnaJrbHbrMn TorrKaMH, AerlcrsHrerbHo HaxoAffIrlt{MHcg B orHo-
clireJrbHoM BpaIqeHI.tH. llguull cJroBaMH, AonycrtlM, tITo MbI L{MeeM
AeJIo c BcJrrrKaMH, Koropbre 6yaert,t cqHrarb r.IAeaJIbHbIMtt, flol t{,qe-
AJIbHbIM BOII{KOM CJIEAYET NOHHMATb TCJIO, BCg MACCA KOTOPOTO
pacnoJ'rolKeHa Ha HeKoropoM HeHBMeHHoM paccrosHr4tr or ocr.r. f lpn
BparrleHHH eosAericreHe raKoro reJIa Ha reJlo, Bpaularcqeecf
c apyrotl cKopocrblo, Mo)I(er ocyqecrBnsrbcq qepe3 MarepLIaJIbHyIo
ocb H MaTepLIaJIbHbIe cBfl3[I c grofi ocblo, trlaccd Koropblx croJlb
MaJ'rbr, r{To Hx MoxHo noJrafarb paBHbIMr{ HyJIro. TorAa B3aHMoAeft-
crBHe 3THx HAeaJIbHbrx Borr{KoB 6yaer paBHocHJIbHo esanr,loAeft-
crBlrrc AByx roqeK, HMeIoIITHx Maccbr BorrIKoB. C roqKu 3peHHq
raxloft ri3 srnx ro'{eK MoxHo c uonnofi onpeAeJleHHocrblo roBo-
prirb o BpaIIIeHHH apyroft ToqKI,I, r. e. yKa3arb nJlocKocrb, BeJIH-
qlrHy rr.rHefiHofi cxopocrr u H HarIpaBJIeHHe BpaureHltt. Tarnu
o6pasou, xaxAoft ToqKe Mox(Ho conocraBnTb nceBAoBeKrop orHo-
cnreJrbHoro BpaureHlrff iu, rl.e i - eanuuvnufi nemop, nepneHAl{-
xy.nnpHufi K [, ' IocKocT[ BpaqeHug. Cor,'Iacgo o6uqHoMy yc"'IoBldro
nceBAoBeKTop iu HanpaBJreH n npaeot i  cncreMe KoopAI{Har ryAa,
orKyAa BpauIeHHe Ka>Kercq npoHcxoAqIIIHM nporHe ,{acoeoft crpe"r-
xa. Moxno cr{r{Tarb f o6uuuul,r BeKTopoM, a BeJII.tr{HHy u - nceB-

AocKarqpoM. Ec,ru,  HanpHMep, ycJ loBl . l rbcf l  orKJIaAblBaru f  uesa-
BHcHMo or  r r ina KoopAaHarsof t  cncreubr B cropoHy,  orKyAa Bpa-
uIeHHe npoucxoAur npornB .racosofi crpeJIKH, ro u 6y4er nceBAo-
cKa,'rqpoM, rro,qoxHreJbHbIM n npanotl cHcreMe KoopAHHar. Jlerxo
BHAerb, qro B pe3yJrbrare ornocureJlbHblx Bpalqeuuit Ans npnqnHbl
r.r cJreAcrBH a 6y lyr cyulecrBoBaTb Ao[oJIHnre"'IbHble nceBAoBeKTopbI

tju nporuBonoJloxHblx 3HaKoB. 3rH nceeAoBeKropbl HMeIor co-
BepuIeHHo re )Ke cnoftctna, qro H nceBAoBeKToprr -f lc2 o6uqnux
npur{HHHbrx cssgefi. Bo scqxor\a cJlyqae s .rlI lHeIIHOu npn6luxennn

251



raKr.re BeJluqnHbr o6nqso cK.rra.u,brBar,orcs MexAy co6ofi. floerouy
Mo)KHo npeAnonox(arb cJreAyroqee csoficrBo xo,qa BpeMeHn, Koro-
poe Aon)KHo 6uru npoBepeHo onblroM:

6. Xoa BpeMeHH Bparqapuruxct reJr orJrr{qaercfl or o6u,{uoro
xoAa BpeMeHH TeM, qro K o6uvnouy xoAy BpeMeHH reoMerpr.rqecKg
.qo6aBnsercq orHocnTeJibuat nnnefinas cKopocrb grux spiqeHriri.

Ecru ero norox<eHne cnpaBeAJIHBo, ro Anfl Bpaqarcquxcr ren
cneAyer o)KHAarb ornocHreJrbHoro H3MeHeHHff o6H.IHoro nceBAo-
R.eKropa xoAa BpeMeHH nO ero HanpaBneHHro Ha BenHqr.rHy
(u/cz) cos c, rAe o-yron (f, i). C"rreayer rapr(e oxnAarb a6eppa-
rll{ro HarpaBJreHHr npnununofi CBR3H Ha yrorr S; tge: @lcr) sin a.

Tenepr craIIoBI.ITcfl [oHrrHbIM, qro Ang BbrqcHeHHfl csoficrn
xoAa BpeMeHx neo6xoAaMo npon3BoAnrb onbrrbr c BparqapullrMucg
Te.iIaMH - BoJIr{KaMu. r{ro6n paso6partcr B ToM, KaKHe Mexannqe-
cxne aQQeKTbil xo.4a BpeMeHH AoJrxubr sa6.nr.oAarlcs B onbrrax
c BoIqKaMH, MbI AOJIX(HH B [epByrc Oqepeab yTorrHr,rTb oflpeAe-
.rreHr.Iff rtpnrlHH u cJIeAcrBI.tft s l{exaHuxe. Als sroro or KHHeMaTH-
qecKHX noHqrufi HaAtexHT uepefiru K nouflrr{rM AHHaMI.IKH H cra-
THKH.

TJIABA III

f l  EKOTOPbIE BbrBOAbr npH q HHHOH AHHAMT{K[{
U CTATHKH

Cunu flBJrffrorcfl rrpuqaHaMH, Bbl3brBarorrtnMn H3MeHeHHq roHQr.r-
rypaquu H LI3MeHeHrrfl KoJtnrrecrBa ,(BH)I(eHHfl Ten. HeMeHeHne
I pacnonoxeHr.ru ren npr.rBoAnr K Bo3HHKHoBeHuro cu.n aeQopMaunlr.
HsMeHeHHe xe KonriqecrBa ABr.r)KeHHq B eArrHHrIy BpeMeHr{, B3flroe
c o6parnnIM 3HaKoM, cofJlacno ,[,a.nau6epy Moxno paccMarp]rBarb
KaK cHJIy HHepI{Hr{, npn6aanenne roropofi r o6u,{nbu\,I cr.rJIaM cBo-
.u,HT 3aAaqy ATTHaMHKE K 3a,4aqe crarriKu. fIpN raxou [peAcraBJre-
Hnn AeficrByrcrque Ha clrcreMy cnJrbr BcerAa ypaBnoBerrreHbt, n ,[o-
6asneHlre HoBbIx cr{JI AoJrx(Ho o6nsarenbno Bbr3blBarb noflBJreHne
rreKoropHx Apyrnx cHJI. fl931gMy B MexaHr{Ke cuJrbr Moryr csr{rarbcfl
tl npHqHHaMH, H BceMI{ Bo3Mo)KHE[Mr{ cJIeAcrBIIffMH. B cooraerct-
aI{H c o6H'rHofi repMnHoJroruefi npuvnnn 6y.u,eu HagbrBarb aKTHB-
r{bIMLI cItJIaMH. ,[,onycruu, trro K Hexoropoft MarepHaJrbHofi ToqKe
(l) flprrJlolrenbr aKrr{BHbre cuJrbr, panHo4eficrByroqyp Koropblx

o6ognaqnM trepeg 4. Aeficrsae 3THx aKTHBHbrx cHJr Mox(er 6nrr
nepeAaHo nexotopofi .u,pyrorl roqKe (2). 3ro 4eficrnue cunbr /4 Ha
TorrKy (21, r.e. naccnBHyro cuJry,'Bo3Hur(aloqyro B roqKe (2) 6.ua-
roAapfl cu.rre A, npnnox(eHHort x roqxe (l), o6osHa'rnM uepee O.
Mo>xso cKagarb, rrro roqKa (l) qBJrrercfl npauuuoft Bo3Hr{KHoBe-
rrgfl cg.rrH B rorrKe (2). Cor.nacno BE{BoAy 5 npeauayurefi rJraBbr
sroft npnsnHHo-cnercteeHHofi cBff3u coorBercrByer B roqKe (2)
rrceBAoBeKrop xoAa BpeMeHr.r icz. Taruu o6pasou, c curofi (D ora-
3brBaercfi cBg3aHHbrM [ceBAoBeKrop icz. Ho srouy nceBAoBeKTopy
o6qsarerrHo conyrcrByer nceBAoBeKTop -icz Mn npaqr.rnbl, r. e.
B roqKe (l). l loaroMy B ToqKe (1) Mbr AoJr)KHbr uMerb ror xe
pe3yJrbrar, r. e. ry xe cnJry, qro H B roqKe (2), Ho roJrbKo Aeficr-
Byloqyrc B nporr{BorroJrox(Hyro cropoHy. flo.nyuaercfl BhrBoA:

l. l lpn Aeftcreux nepnofi ToqKH Ha BTopyp nceBAoBeKropHstfi
xo.q BpeMeHH o6qgareJrbno ycraHaBJIHBaer nporr.Iso,{eficrgne, T. €.
paBHoe H rrpornBonoJloxHo HanpaBJreHuoe Aeficreue eropoft ror{Kn
Ha nepByro.

Sror eusoA coBnaAaer c rperbuM 3aKoHorrr HlroroHa. Taxnu
o6pasou, rpernft 3aKoH Hrrcrosa BbrreKaer us csoficre xoAa Bpe-
MeHH. C nouourrro groro 3aKoHa MolKHo orrpeAeJIHTb HHrepecyn-
rrlyn Hac BeJIHquHy Aerlcrsus (D, ucxoAs r,r3 ycJroBl{q paBHoBecas
rourn  ( l ) :

A + R  - # : 0 , (5)

rAe R * cHJIa peaKIII{n, r. e. o6paruoe AeftcrBlre rorlKvr (2\ Ha
roqKy (l). B cryr{ae qncrofi crarllKlt R:-,4 H cofJlacHo rperb-
€My 3aKoHy Hrrcrona @:4. B Ansaunxe Bo3HLIKaer Bonpoc, aK-
rnsHofi Hltrr fiaccvsnofi cnnofi cregyer cquTarb cHJIy HHepqHH
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dmfl- "" 
,': Cuna I{HepIIuH, HanpaBJIeHHafl nporuB aKTHBHbIX cHJI'

dt
Bo3HHKaer roJIbKo 6.naro4apa srHM cHJIaM, noaroMy oHa He orJIH-
rraercr or aKTnBHbrx cHJr H AoJIxHa 6urr K HHM npu6aenena.

B groN,r cryqae noryqaercq o:A- 
oA,,"  

orcpAa npu cBo-
d t

6oAHol.r ABHxeHHT{ TorrKH (l) HMeeM oqeetlAHHft pe3yJlbrar:
(D:0, r. e. orcyrcrBne Aeftcrsus Ha Apyrne roqKI'I. Eutll renepu
cHJra lrHepqHri HarrpaBJIeHa npoTHB CHJI peaKIII{}I, TO OHa BbI3bIBa-
erct arIrMH criJraMli, or HHx He orJlnqagrcfl H AoJIxHa 6nrl x Hlttrl
npu6aanena. IlosroMy peaKIIHefi sa arcuBHylo cur'Iy 6yler se R,

a Bbrpax(enue R - 
ory:o :-A. CreAosare.nuro, reficrsue aK-

dt
rasHofi cuJrbr Ha roqKy (2) 6yaer reM x(e, qro H B crarnKe: CI:.zl-
3anuureu 9Tr.r BbrBoAbI cne.(yroqnu o6pasou:

l .  l A l > l R h  ( D : A -  +
(6)

2 . t A l < l R t ;  o : - ( ^  -  o t o f  
) : o .

Hs erux Qopuyn cJleAyer, qro npn pqBeHcrBe Hynn aKrHBHblx
cnrr (.4:0) paBHhI HyJIIo H crteAcrBus (@:0). floeror,ry npu co-
yrapeHrin AByx napoB, Ha Koropble He .4eficrnyrcr BHeIuHIle cHJIbI,
T. e. oTcyTcTByIoT npLIqHHbI, AOJI)KHhI OrcyrcrBoBarb I'I cfleAcrBHq'
HecMorps Ha cyqecrBoBaHue pearqufi.

ArrneHble iuru uoryr 6nrr npnrrolxenbl a K rorlKe (2) ' Toraa
,(eftcrsue srux cl{,r Ha roqKy (l) Mox(Ho BbITII{cJIHrb c noMoulblo
Tex xe Bblpax<eHnft  (6),  HanHcaHHHx ArIs rouxu (2).

flepefiaeu renepb K Bonpocy o cofJlacoBaHuu AeftcrBlln H npo-
rnsoAeficrsuq c nceBAoBeKropaMll xoAa BpeMeHH. Cor,racno Sop-
MyJraM (6) nanpauteHlle AeficrsuR coBrla,u,aer c JtnHnefi, coeAuHflIo-
U1efi npuullnbl Il cfleACTBHt, I. e. C npOCTpaHCTBeHHIIM IIOJIoIKeHI4eM
nceBAoBeKropoB BpeMeHu. C Apyrofi cropoHbl, xoA BpeMeHH Ao"'I-
)KeH yKa3blBarb HanpaBJIeHHe K 6yAyuleMy, a nogToMy coBnaAarb
c HanpaBJIeHI{eM Aeficrellq axrusHofi cI'Id'lbI, opr Koropoft o6osHa-
qHM r {ep$ l .  Toraa  xoA BpeMeHu B ToqKe (2) ,  r .e .aexrop  icz , .
6y4er COrJIacoBaH c ,4eficrsneM cuJIbI npll ycJiOBHH, IITO MbI nortb-
3yeMct cucreuoli KoopAHHar, B xotopoft nceBAocKaJIflP cz HMeer
nOJIOlKr.rTeJIbHoe 3HaqesUe. 3rO COfJIaCOBaHUe iCz H (D OSHaqaeT, qTC)

(D: ic, I J l, (7>

rre l/ l- ueroroputfi no.noxnre.nlnufi cxalapttstfi roeQ$uqnenr-
B ro,ixe (l) icz li.teHffer 3HaK, H no Qopuy.rre (7) ua aty rovxy 6y-
Aer AeficrsoBarb cnJla peaKqul{ R:-@. flpu ocraHoBlrBueMcfi
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BpeMeHH, T. e. npH cz:o, AeficreHs Bcex cHn Aonx(HH orcyTcTBo-
sau. Sror peaynbrar nofiyqaercfl HenocpeAcrBeHHo us Qopt'rynu
(7). l loerouy cxarxpuufi KooQSHuHeHr l/1, no xparineft Mepe
E nepBoM npu6rnxeHnu, AoJrxeH 6brrb HHBapHaHTHbrM, T. e. He3a-
:BACflUIHM OT XOAa BpeMeHH.

Paccuorpnu cnyvaft, KorAa roqKa (l), na Koropyro 4efictnyet
aKTHBHaT cr{Jra, npeAcraBJrfleT co6ofi HAea.nunfi BoJrqoK, Bpaqato-
utufics co cKopocrtn ju ornocnrerbHo rorrKrr (2). Kar 6uno yxa-
3aHo B KoHIre npeAblAyuefi rJIaBbI, Anq onpeAeJleHHocrg MoxHo
cqHrarb opr i HanpaBJreHHbrM no ocH B ry cropony, orKyAa Bpaue-
.HHe Kaxercfl npoHcxoAfluruM npornB qacosoft crpeJrKt{, ecJIH [oJIb-
30Barbcfl cucreuoft KoopAlrHar, cna3aunofi co nropoft ro.Iroft.
Tor,qa u 6yrer nceBAocKaJlspoM, noJIoxHreJIbHbIM B npaeofi ctl
'cTeMe KoopAHHar.

Ha.rHeM nccJreAoBarb Bolpoc o Aeficrsnn BorqKa Ha HeBpauap.
r[eecff TeJro c npocrefimefo cJlyqar, KorAa ocb BorqKa coBnaAae'
c .lurHnefi Aeftcrsns cHJIbI. flpurrrepou Moxer cJIy)KHrb Aeftcrsue
TflxeJroro BorrrKa c BeprlrKaJrrnoft ocrrc Ha HeuoABH>I{HyIo onopy.
B srofi 3aAarre nceBAoBeKropbr *iu coBepIIreHHo aHaJIofr{qHH
nceBAoBeKropaM xoAa BpeMeHH -ricz. llo3roMy B paccMarpHeaeMoft
cucreMe xoAoM BpeMeHH AoJr)KHa 6nrl eeJfi.IHHa + (icz-t ju). floa-
craBJIflfl 9ro BblpaxeHl{e BMecro icz s Qoprrlyny (7), uaxoanu

@,,: (ic"* iu)l f l .

flocro.nrxy l /| : I Qllcz, oKoHqarerbHo LIMeeM

@,. :@+ j  f g l ,
(8)

R , : R - i f t o t .

fIoA reficrBaeM AorroJrHureJrbHbrx cHJI *i 
' 

l@l paBHoBeclie' c 2

cr.icreMr,r 6yaer HapyuleHo. Hosoe paBHoBec[e BoJITIKa [OflyqLITCq,
KOrAa B pe3yJlbraTe nepeMeuleHr.tff Tor{eK BoJIqKa yilpyfHe cI,IAbI
craHyr AaBarb peaKrluro R', npu roropofi

R u : R '  _  j + l < D  l :  R .

Taxuu o6pasou,

R' � :R+ j+ l@| .  ( e )

Vnpl'pHg cHJrbI, o6yc.noeluBaroulHe peaKuHIo, gBJqrorcq cJIeA-
,crBHeM Ttxecrll. Vx H3MeHeHHe Mo)Ker 6tttr gH3sago roJIbKo



H3MeHeHHeM npHqHHH nJrH Beca BoJrqKa. floarouy na6anAaeuag
ynpyrocTb osHaqaeT, qTo aKTHBHag cuJla LrsMeHLIJracb u cTaJra paB-
Horl :' . * Tor,qa ns $oprvryabr (9) cneAyer

A ' � : A -  i f W t .  ( l o 1

3ra axrua:aan, cnJra 6yler oKa3blBarb Aeficreue Ha o[opy:

(D'�:(D - I f t tA1.
floAcrannsfl ero 3HaqeHr{e Aeficrsnq sr,{ecro (D s Qopuy,ry (8),
HaftAeu, sro [oJrHoe AeficrsHe Ha onopy ocraercfl rrpexHnM:

@ ' o : @ ' +  j  * t * l : ( D .
( l  l )

Ha nonyuenHnx Qopuyrr npeo6pa3oBaHufl cuJI (9) - ( I I ) crle-
AYET BbIBOA:

2. tlpn AefiirBsu rtxeJroro BpaqatoIqercct BoJItIKa Ha oropy
Bec ero H3MeHsercfl IIpH coorBercrByloueM H3MeHeHHH a,eQoprrla-
uun. AeficrBHe x<e BoJrrrKa Ha o[opy ocraercfl npexHHM.

Sror a$QeKT MoxHo HafJIffAHo upeAcraBntu ce6e cJIeAyIotuHM
o6pa3oM. Boo6paeunr 6ecqucnesnoe KoJluqecrBo HeBecoMblx npyxu-
HoK, cKpenJleHHbrx c onopofi H AeficrsyrcIllux Ha Kax{Ayto MarepLI-
anbHylo rorrKy BoJIqKa B HalpaBneHsr{ ocn BpaqeHut. B gasucuMo-
cTH OT TO[O, paCrsHyTbl HJIH CX(aTbI npyXIrHKH, nOJIytIHrCq yBeJIH'
qeHne HnH yMeHbIIIeHIte BeCa BOrtIKa, KOTOpOe, OAHaKO, He.rileq O6-
Hapyx(HTb o6HrIHbI[,r B3BeuII.rBaHHeM, TaK KaK AaBJIeHLIe BoJIqKa Ha
rraluKy BecoB ocraHercfl HeH3MeHHbIu. 3ra HeE3MeHHoctl Aeftcreus
TtxeJroro Bo.rrqKa Ha onopy noJlyqaercfl H3-3a Tofo, rlTo H npl{ Bpa-
IueHuH BhrnoJrHflercr rpernfi 3aKoH Hrrcrona, surexarcuuil H3
AByxcropoHHocru nceBAoBeKTopoB xoAa BpeMeHIl.,[,syxcropoHHocrb
xe co6.nrc,[aercr H npu BpaIrIeHHH. Taxuu o6pasou, xo,q BpeMeHI'I
He Moxer H3NieHHTb o6ulero KoJIHqecrBa ABIIx(eHLIfi cgcreMbl, T. e.
co3Aarb BHeIUHTOIO CHJry nO OTHOUeHI,Ip K CHCTeMe npHr{HHa - CJIeA-
crBue. Cn.nu, Bo3HHKaIoqne 6.laroAapt xoAy BpeMeHII, ffBJlfliorcfl
BCerAa BHyrpeHHHMIr, paBHbrMH H nporltBonoJloxHo HanpaBJIeH-
HbrMI{ Cr.i,rarr,1u. 3ro no.noxeHHe croJlb Bax(Ho, rITo MbI coqrl.t geo6-

xoAriMbrM froATBepAHrb ero ror{HbIMH OnbITaMH, KOTOpbIe 6y4yr no-
apo6no o[HcaHbI B fJIaBe V. Vxaxeu ceftqac roJIbKo o6uree co-
AepxaHLIe grnx onbIToB LI norytteuuufi p$yJlbrar.

flepouft onbIT saKJIIorIaficq Bo B38etrruBaHHI-I BoJIqKa Ha pbI-
qaxHbrx Becax npH cKopocrtx BpauleLvfl. u o,50 rra/c. Ec.itH 6H so-
npeKH Ha[rHM 3aKJrIOrIeHHflM AeHCTBLIe BOJIqKa Ha BeCbI MeHqrOCb
npH BpaqeHun, ro orHoclireJlbHsIe s$Qexrbl xoAa BpeMeHR AoJIxHbI
6ulu 6ut 6urn nopnyra uf cz, r. e. nopffAxa l0-4, HJIH cocraBJlsrb,
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no xpaf inef i  uepe, HecKoJrbKo eAHHHrr nrrofo sHaKa. Onlrru noi{ t-
3ailLt, rrro cHJIa, Aericrsonaeuaq Ha Becbl ttpH BpauIeHLIH, He MeHrI-
Jlacb c rorlHocrblo Ao oAsofi MlIJIJItroHHofi. Baxiro orMerr.rrb, Liro
npH 3THX O[brrax, KofAa IIOABeC IIepeAaBaJr Apo]KaHHq BoJrr{Ka Ko-
poMbrcry BecoB, 6u"rln sar{eqenH or{eHb HHrepecHsre aQeexrbr Hs-
MeHeHHg noxagannf i  BecoB, 3aBI{ceBuae or HanpaBJreHLrf l  Bpaqe-
HHfl.. 3ru sa6arcAeHr.rff B[epBbre y6eawm Hac B cyuecrBoBaHHri
MexaHHriecxnx eQQexroB xoAa BpeMeHH. Tari  xax 3aMerleHHbre aQ-
Qexru 6unn csqeaHbr c Apo)KaHrreM BoJrqKa, To Mhr coq"Tn seo6xo-
AHMbIM nOCTaBIiTb onbIT 83BeIIHBaHHfl rronBHX{HOtO BO!'rr{Ka Ha
3,'racrHr{HoM noABece. lioxasaHLrg BecoB npra 6pocanHsx n noA.beMax
Bpaqarcqerocfl BoJrr{Ka oKa3aJIHcb HeH3MeHHbrMH. 3ror onnr oco-
6engo HarJIflAHo ycraHaBJrHBaer cnpaBeAJlhBocrb 3aKoHa coxpaHe-
HHfl_ r.rM[yJrbca H ,Urr Bpaqarcrrrnxcs ren. @opuyJrnpyeM BbrBoA]

3. Cpr.nu Bcer,[a cBff3auhl ToJrbKo c MarepHaJIbHbILtH TeraMH,
N U3MCHEHI{E XOAA BPCMCHI,I HE MO>KET I,I3MCHI,TTb HMTTYJIbCA CU-
creMbr. Huuun cJroBaMH, xoA BpeMeHH He rrepeHocuT HMnyJlbca.

HsMeneHne axrusHoft cHJIbr, ,qeficrsyrcueri Ha BoJrqoK, Mo)r(Ho
o6uapyxuru no uaueHenraro neQopr,. la{Ha BoJrqKa npn Bpar{eHHH,
B tex cJlyqaflx, KofAa orJluqne aKTHBHbIX cHJI or naccHBHblx He
Bbr3brBaer coMueHuri ,  srHMH onhrraMu no Sopuy;re (10) Mo>KHo
ycraHoBHrb sHaK MHpOBOTO xoAa BpeMeHH cz. AeficrsHreJrbHo, r{3
arofi Qoptr,tyJlbl cneAyer, rlro yMeHbueHr.re aKrgBHoli cu"ru npouc-
xoAHT B roM cJryqae, KonAa BeKrop i@lcz) coBnaAaer c HanpaBJre-
HHeM axrueHofi cuJrbr. flocro.nrxy cz ) 0, yMeHbuenne axrHeuofi
cunbl npoH3ofiAer, KorAa BeKrop BpaqeHuq ju 6yrcr HanpaBJren
rro aKrHBHoft cnne. ,[,onycruu renepb, rrro Mbr na6zrcAaln yMeHb-
IIIeHHe axrusHoft cuJrbr npu HeKoropoM BpauennH f6nqra. I,ls grnx
Ha6"nroAesnfi uu ycraHaBJrHBaeM, s KaKoft cucreMe KoopAr.rHar BeK-
rop BpaIqeHHs coBnalaer c HanpaBJreHHeM axrusHofi cHJrbr. B srofr
cHcTeMe KoopAHHaT rrocTotHHafl c2 H 6yAeT HMeTb IIoJIO)KHT€.''IbHOe
3HaqeHHe.

B cne4yrou-1gx AByx fJIaBax coaepxutcs onncaHue HeKoropbrx
eQSertoe xoAa BpeMeHH, Koropbre MoxHo Ha6nrcAarl ila noBepx-
Hocrn 3eu.illr H Apyrux n,raHer, a raK>Ke npn ,ra6oparopHblx onbl-
Tax c rupocKolraMu. OcHosuofi, xavecrneHHnlfi, pe3yJrbrar srux
Ha6.nrcgeHufi saxrrc.Iaercff B ToM, gro yMeHbrrreHne Beca BoJrqKa
nponcxoAlrr ltpu Bpail{eHHH ero no .racosofi crpe,'rKe, ecJIH cMor-
perb co croponbr, B Koropyrc HanpaB!'reHa rrxecrb BoJrrtKa, O6uq-
HbrMr{ MeroAaMH ecrecrBosHaHHq 6eccnopno ycraHaBnHBaercq,
qro rflx(ecrb rB,rflercg axrasHofi culotl. lloarouy 3TH otrbrrbr Bbrqc-
Hfiror, qro nceBAoBeKTop BpaureHur iu uanpanneH no aKrueHort cune
s nesof i  cucreMe KoopAHHar. Taruu o6paeou, Mbr noryqaeM 3HaK
xoAa BpeMeHr{, oAHy u3 caMbrx ocHoBHbrx xapaKTepI{crHK Haurero
Mupa:

4. Onpeaenesnmfi onhrroM 3HaK xoAa BpeMeHH Hartero Mnpa
noJro>KHTeJreH B JreBofi cscreue KoopAHHar. 3ro o3Harraer yMeHb-
tueHl{e arrueHofi cnJrbr, npuJroxeHHoft K Tery, npa.BpatrIeHHH ero



no qacoBofi crpelxe, ecJrn cMorperb co cropoHbr Aeficrsxg aKTI{B-
sofr cu.nlr.

Ecnr.r QopuyJry (4) paccMarpnBarb KaK onpeAeneHne nocrofiH-
Holi flnanxa, To 3HaK arofi nocrogunori Aonxen 6urt roxe noJro-
xnretbHbrM e resofi c?tcreMe KoopAr,rHar. B paao6paHHoM Bblrrre
[puMepe faycca o6a H3oJtHpoBaHHbrx cyulecrsa BcefAa cBg3aHtil
MexAy co6orl eAHHbrM MHpoBbrM xoAoM BpeMeHH. Oueen4uo, uro,
noJrb3yflcb BHBoAoM 4, oau cMofyr JrerKo corJracoBarb cBon onpe-
.[eJIeHHfl npaBorc ri .rreBoro. !,.na sroro HM AocraroqHo ycnoBurbcff,
qro BpauIeHHeM cJreBa HanpaBo, ecJrH cMorpeTb co cTopoHbr .[lo-
6oft arrueuoft curu, HagblBaercq BpauIeHHe, npa KoropoM npogc-
xoAHT yMeHbrueuue arori caJrbr. Toquo raK x(e, Ha6rrcAaq .rra6opa-
foparo B 3epKane, Mo)KHo o6Hapyx<urb, qro B groM c.lyqae 3HaK
xoAa BpeMeHH noJroxr{reJreH n npanoft cHcreMe Kooplr{Har H srr{M
nyreM ycraHoBurb HepeaJrbnocrt sa6.rrroAaeuofi .ta6oparopr.ru.

Tenepr, KorAa H3BecTeH 3HAK c2, MOX(HO MeXaHHtIeCKI{MH OnbI-
TaMH orJruqarb aKTr,rBHyro cHJIy or naccuBttofi, t. e. npHqHHy or
cJIeAcrBHfl. Ec;Iu, HatrpI,rMep, npH BpauleHHH Tena na6.nrc,qaercn
yMeHblueHr.re cHJr, To aKTI.{BHofi 6yaer cI{JIa, HanpaBJreuHag ryAa,
orKyAa BparrreHue Kaxercq nponcxoArrrrlnM no qacoBofi crpeJlKe.
Srrau o6croqreJrrcrBoM BbrnoJrHrercfl ocHoBnoe rpe6onaune, npeAb-
qB! ' IgeMOe HaMH K MeXaHHKe:

5. AxrHnHyIo cHJIy or ttaccuBHofi., uau ilpurruny or cJreAcrBurr,
BcerAa MoxHo,orJrr.rqnTb MexaHHrrecKraM onbrroru. floaron,ty npr.rH-
rluflr-raJrbHo Bo3Mo]KeH npu6op, noKa3brBaroqnfi no.noxeHue npHqHH
r.r c.le,4creufi.

B rexsuxe pa3brcKaHue npHr{HH rpe6yer Hnryuur{n gH)KeHepa.
floarouy cyulecrBoBaHr.re npHHuHnHaJrbHoft sosr{oxHocru HaxoAHTb
nplrquHy MexaHnqecrnlr o6pasou Mo)r(er rrpeAcraBngrb ,u,JIt rex-
uuxu 6onaurori uHreDec.

flpn orHocHreJIbHoM BpaureHHH cncreMbr eeaHl,roleficrByrou{Hx
TeJI B aroft cacreMe Bo3HHKaroT Aonod'rHnreJIbHbIe BHyrpeHHHe cn,'Ibr.
3rn cu.nu Hapyualor r lepBoHaqa, ' IbHoe paBHoBecr{e cncreun. l lo-
cKoJrbKy paBHoBecHoe cocToffHEe qBJ'IteTcfl cocTogHHeM c MIIHH-
ua.nosof i  aHeprueft ,  Bcf lKoe HapyureHue paBHoBecnq o3Haqaer yBe-
lTHrreHHe gHeprHH cncreMbr. C npexpaueHHeM BparrleHnfl cr.rcreMa
xaxAuli pa3 6yaer Bo3Bpaularbcfl K paBHoBecHoMy cocroflHuro
c Ao6aeo,{Hofi (xnueri.rvecxor?) eueprHefi. OrcoAa cJreAyer BbIBoA:

6. SHeprHn cncreMbr reJr, HaxoAflrrnxcq B paBHoBecHIr, Mo)Ker
To,'IbKo yBeflI.rqr.rBarbcfi npu "rrio6orrt H3MeHeHHH orHocareJlbHhrx Bpa-
urenur? iea, cocraBJrrrolqlrx cucreMy. Tarnu o6pasoH,t, npr.rHqnnn-
aJrbHo Bo3Mox{eH ABurareJrb, r.rcnoJrb3yloutuft xoA BpeMeHH AJIfl no-
Jryr{egufl pa6orsr. Hsnun cJIoBaMH, BpeMq o6.uaAaer eHepruefi.

PaccuorpuM Te[epb cnyrafi, KofAa cr-rcreMa He HaxoAurcq
B paBHoBecufi H o6naAaer KnHernqecKoft euepruefi. Toraa npu I.r3-
MeHeHHIi orHocl{TeJrbHblx Bpauenlrfi eosMoxHo floflBfleHne cHJI,
.leficrnyrounx nporr..rB cKopocrr{, KoropbIe, noAo6Ho rpeHHIo, Mo-
ryT yMeHbIUI.ITb KHHerHr{eCKyrO, a CAeAOBaTeJIbHO, H nOJIHyIO 3Hep-
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rHro crrcreuu. HanpuMep, cHJraMH xoAa BpeMeHH Mo)KHo ocraHo-
sHrr xofle6aHHe cr.rcreMbl, ecJIH BBoAHTb Iix raK, qro6u ottn Aeficr-
BoBa,'rH nporHB cKopocru xone6anufi.

7. SHeprnn cucreMbl reJr, Koropbre He HaxoAflrcs B paBHoBe-
cHH, MOXer 6UrS He TOJIbKO yBeJ'IHqeHa, HO H yMeHbueHa I{3MeHe-

HHeM xoAa BpeMeHH. floerorr,ty Bo3Mox{eH o6paruuft npo[ecc nepe-
xoAa sHeprHr.r cHcreMbr B xoA BpeMeHr-r,

BeHay r.rcKJIloqHre,rlHofi Ba>I(Hocrlr orltx cJIeAcreHfi pas6epenn
npocrefiruarl xoHxperHlrft npuuep ABnrarer'ra, pa6orarcu{efo Ha Hs-
MeHeHHH xoAa BpeMeHK. ,f,,onycruu, rlro BoJIqoK c BeprtiKaJIbHo
pacrroJrox(esnofi ocrlo onHpaercfl Ha HeKoropoe )KecrKoe ocHoBaHI,Ie
H HMeer cJleAylouee ycrpoficteo, Tgxe.noe KoJIbuo c Iraaccot? m
Jrexnr na ynpyroir, HeBecoMofi npyxune, roe$$uqlleHr ynpyrocrl{
xoropofi paBeH ft. Coe.qr.rHeHne c ocblo BpaqeHl{fl ocyqecrBJlflercfl
roJrbKo s HHxHer? qacrn arofi npyxuHu. flpn BpaIqeHIrI-t B ry HJIH
HHyIO CrOpOHy AOJIX<HbI BO3HHKHyTb ABe AOnOJIHHTeJIbHbIe CIiJIbI.
Oana cHJIa, KaK I{ Bec BoJIqKa, rIpHJIoxeHa K qeHTpy rtxecrH
KoJIbua. Apyran cH,'ra, [apHaq efi IIo rperbeMy 3aKoHy HltotoHan
6yler npr,rJrolKeHa K onope, 6aarogapx veuy .ueficrBne BoJIqKa Ha
onopy He 3aBHcHr or cocroflHnrl BpaueHug. 3rn cu"'Ibl pacrrHyr
r.rJrn cox(Myr npyxliHy tt coo6u{ar efi Aono,rsnreJlbuylo noreHqllaJlb-
Hyro oHeprurc AE, Koropyrc no Sopr'ry;rau (10) n (6) uoxHo npeA-
CTABHTb B BHAE

A F :  
( L F ) 2  -  ( g - a ) z r n 2  (  "  \ '  -  ( g - a ) _ 2 m T 2  ( J  "

A t s -  
2 h  

:  
2 b  \ " r /  

-  
8 n 2  \ c r - )  '  ( 1 2 ' l

rAe g - ycKopeHHe cHJrH rff)Kecrrr, (l, - BeprHKa.nrnoe ycKopeHlre

Konbrra u T :2nl mlh - nepuo.4 co6creeHublx ro.le6asuft npyxnnu.
.(onycruu, qro HaIrI BoJrqoK c lroMoulblo HeKoroporo ycrpoficrBa
6es norepu sHeprHa nepHoAHIIecKH MeHqer HanpaBJIeHHe BpaIIIeHIrs.
,[,aa npocrorbl noJIo]KHM, qro gror nepHoA coBnaAaer c nepIIoAoM
co6crBenHblx rone6asufi npyxunu.,TorAa no Qoprr,ryne (12) JIerKo
noryrrHTb cpeAHee KoJlHqecrBo sHepruu, Koropoe 6yaet fioryqarb
EAIIIA CHCTCMA B CAI{HI{UY BPEMEHH:

t t E  - m s 2 T  ( n \ '
dt 

- --87- 
\ r, /

(13)

3,u,ecr ,, - HeKoropafl cpeAHflt a6co.nrorsofi eerH.II'IHu .uusefiuoft
cKopocrr{ Bpatrlenus H fiplrHflro u)<g. BoguMer4 cJIeAyIoIrIHe AaH-

Hbre :  m: l  Kr ,  T : l  c ,  i : so  u /c ,  ro r4a  VEla t=0 ,1  apr /c .
llponeno4nreJlbHocrb Hauero,u,BufareJrn oqeHb MaJIa-
AeftcrsnretbHo, ToJrbKo oAHa gHepfHfl BparIlenllq cucreMbl co-

craBJrser oKoJIo 108 epr. floarouy ecJILI rpeHlde ycrpaHeHo Ha-
croJlbKo, r{To cHcreMa Moxer xoae6amcs no HHepuHIl HecKoJIbKo
Jrer, To roJrbKo rorAa ex(eceKyHAnafl norepfl gHeprHH 6yaet
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noptirKa npHxoAa. MH slrAr,rir.{, r{To rrpaKTHqecKoe ocyuecrBneHue
<Mal,uHHbI BpeMeHH> c noMoulblo Bo,TrIKoB eABa JIH BO3MO)KHO.
B ,ra6cparopHbtx naacrura6ax po.rrt eQQeKroB BpeMeHH noJryqaercfl
coBepIIreHHo HuqroxHoir.  Ho B TaKr{x orpoMHbrx reJlax, KaKuMH f lB-
JItrcTqt 3Be3Abr H nJraHerbr, sQQexru BpeMeHH Moryr HMerb pe-
ruamulee 3HarteHge. flpo6,rrervra HcrorlHHKoB gHeprnrl se6ecHux ten
Mox(er 6Hm anorHe peueHa grl.rM nyreM. AeftcreHTeJrbHo, ofpoM-
IIafl fiOTepfl gHeprr{H, npoHcxoAflryan Ha [oBepxHocTH sBe3Abr, co-
orBercrByer oqeHb ne6o;ti 'u;orvty pacxoAy, orHeceHHotvry i( eAHHtiIIe
Maccbl 3gegAH. Tar,  Ha[pHMep, A,rq co6npaenuq rennogoro 6a-
"'raHca xaxAurfi fpaMM BeulecrBa BHyrpH Colsua AoJr>KeH BHAeJrflrb
ToJIbKo 1,9 spr/c. flpnae4eHHuii HaMH Bbrrrre pacqer Mou{Hocrlr
,qBnrareJlfl BpeMeHH noKa3brBaer, qro s [,racuia6ax Co"nnqa B[oJIHe
Bo3MoxHbr npoqeccbr, npn Koropbrx H3 xoAa BpeMeHH 6yaer r.{3BJre-
Karbcfl AocraroqHoe KorHriecrBo 3rreprHr,r. Cxopee Bcefo, sTH npo-
{eccbl 6ylyt cBr3aHbr He c npocrofi uexaunKofi, a c sJreKrpoAr.rHa-
tr,ruxoli. HanpnxeuHe MarHHTHoro rroJlfl flBJrseTcff nceBAoBeKTopoM,
a noToMy nceBAoBeKTop XoAa BpeMeHH MOxeT fi B sJreKTpOAHHa-
MHKe npHBoAHrb K HoBhrM cHJraM, co3AarorrlnM Hs6trrovuyro 3Hep-
rurc. MoxHo AyMarb, qro He MexaHflKa, a HMeHHo HecuMMerpurrHaf l
sJreKTpO.(HHaMHKa nO3BOJIHr IIpaKTHr{eCKH OCy[(eCTBI,ITb,{,BLIraTeJrb
speMeHH.

,[,o cux ttop, HaII]H paccyxAeHlrq orHocuJrncb K npocrefiureuy
.cryqan, KofAa ocb BoJIqKa coBnaAaJra c JIHHHeft Aeficrgufl cHJIbr.
IIpn aror'r nceBAoBeKropbI BpaqenrErl anre6paHqecKH cK.rraAbrBaJrHcb
.c nceBAoBeKropaMH xoAa BpeMeHa. B o6uela xe cJryqae AJrr Jrro-
,6oro nonoxieHHfl ocu Bpau{eHHq ecrecrBeHHo cqHTarb, r{To [ceBAo-
BeKropbI BpaureHHri I.I xoAa BpeMeHa 6yayr cKJraAbrBarbcs feoMer-
pHqecKH. TorAa $oprr,ry.nu npeo6pasoBatnn cnl (9) - ( I I ) ocra-
xyTcn npex(Hr.rMu rrpH ycJioBHli, qTo BXoAsrqHe B Hrix cJroxeHHfl
c,'IeAyer npoH3BoAHTb feoMerpHr{ecKH. f,.nr onpe.ae,'IeHllff HattpaB-
JIeHHt Aono,'IHLrreJrbHbIX cun yAo6Hee noJlb3oBarbct clre,u,ylouruM
npaBH,' IoM, BbrreKar.orqHM [r3 BbrBoAa 4 u Qopvtyn npeo6pa3oBaHHq
CHJ I :

8.,Il,ono.nHnreJrbHbre aKTr.tBHbre cHJIbi, Bo3HHKaiouIue npu orHo-
cureJrbHoM BpaureHHH AByx B3aHMo4eficrsyrc[ lHx roqeK. BcefAa Ha-
r lpaBreHbr no ocn BpauleHlrn B Ty cTopoHy, orKyAa Bpau{eHHe Ka-
x(ercfl tipo]icxoAffu1nM [porr4B qacoBoft crpelxu c roqKu 3peHnfl
cucreMbr KoopAHHar, cBfi3aHHori c apyroir roqxofi. Aono;rnlrrenl-
HbIe )Ke peaKrIHH HanpaB, 'reHbr B npoTHBonoJloxHbre cTopoHbr.

B o6utertr cfiyqae AoJINiHo Ha6.nrcAarlcq H3MeHeHHe He roJrbKo
BerHqHHbr cn,rr ,  Ho u nx HanpaBJleHrrr,  r .  e.  a6eppaqua cun. f lpra
3TOM B CHCTCMC MOXET BO3HI.,IKHYTb AONOJIHI]TCJIbHAg NAPA CH,'I ,  KO-
Topafl H3MeHHr MoMeHT BparrleHufl groft cncteuu. Taxuu o6paeou,
K neper{HcJleHnbrM Bbrrue ocuoBHnrM csoficrsar\.r xoAa BpeMeHH (3
u 6) cneayer Ao6asHrb eule o4uo caoficrno:

9. Xo.q BpeMeHH Mo)Ker H3MeHrrb He roJrbKo sneprnro, Ho H Mo-
MeHT BpaqeHr{fl MexaHh'recrofi cucreMbl.
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Kax 6nrno yKa3aHo s nepnoft  rJraBe, acrpoHoMaqecKaM noA-
TBep>KAeHHeu arofi BO3MO)KHOCTU nod'ryqeHHr MexaHuqecxoli cHcre-
rr,roft Aono.nHHTe.rrbHofo MoMeHTa npauleHua 6es yuacruq rpyrHx Ter
MOX<er cJIy)KHTb Ua6nrcgaeuafl B HeKoTopbrx recHbrx 3Be3AHbrx na-
qax HecHHxpoHHocrb op6ura"nruux H bceebrx apautcHr.rfi 3Be3A.
B cne4yroulux x(e AByx fJraBax 6yayr npHBeAeHbr onncaHHfl Mexa-
HI{qecKHx orrbrroB, KoropHe He[ocpeAcrBeHHo noKa3blBarcr Bo3Mo)K-
HOCTb I{3MCHEHHg MCXAHHqCCKOTO MOMCHTA CI, ICTCMbI.

!,onongnre.rlruur? qJreg B Qopuyne npeo6pasosasur axrunnorrr
cHflbr npE orHocHTeJrbHOM Bpalqeunn ( 10) noKa3brBaer, qro HeKo-
Topafl Ao"'Ifl cJreAcrBnq craHoBHTct npnuuuofi s grofi nDHrrHHHo-
cJreAcrBeHHofi CsqsH. 3ro osHaqaer eo3NaoxHocrb. xnseuaiuuecKHM
npHeMoM H3MeHflrb cyuecrByroqyp npHrrHHnyrc cBr3b sereHr.rft H
.qelicrnonarb cJIeAcrBr.reM Ha npurrnny. B ueiannre HrrcroHa 4o-
noJlHHreJrbHufi .ureH e Sopuy.rre (10) orcyrcrByer. !,eftcrenreftHo,
3TOT qJreH Aon)I{eH Hct{e3arb, It6o o6H.IHafl MeXaHHKZ II0,,1]93erCf
lis npl-rr{HHHofi npe4eJrbHbrM nepexoAoM cz--> 6. B o6uqnofi Mexa.
nnxe o6pauleHr.re npHrrHHHbrx cssseri craHoBHrcfi HeBO3MOX(HbrM.
roarouy o6uquas MexaHHKa coorBercrByer Mapy c 6ecxosequo
npor{HbrMH ttpHqHHHbrMH cBfl3qMH. Apyrofi npeAeJrbHhrft nepexo4
Mbr He MoxeM ocyulecrBHrb c noMorqbro nor'ryqeHHbrx Qopnay.n.
Ae.rro B roM, vro Qopuynu npeo6pasoeaHus cnr (g),  (10) inna-
Iorcfl Tor'IbKo .nugefiHuu npu6.nuxeHneM, npH KoropoM yrrreHbr JIHIrrb
qJreHhr nepBofo nopqAKa MaJIoCTH OTHOCHTeJTbIIO ulcz. oAHaXo urr
MOX(EM 3AKJIIOqHTb, qTo npH MaJIoM Cz Ao[oJIHHTeJIbHbIe vnerru 6y.
Ayr l{lparb ocHoBHyIo poJlb H MexaHHKa Ao"rx(Ha crarb coBeplueHHo
Henoxoxeft Ha MexaHHKy Hlproua. llpe4earHuft cayuaft cz:O
o3Har{aer noJIHoe orcyrcrBue npnqnHHbrx csnsefi H AoJI)KeH ttpHBo-
{Hrb K Qopuy.narr.r arousofi MexaHr4KH. PeanlHaq MexaHr{Ka, coor-
BercrByroulaq KoHeqHoMy 3HaqeHaro, AoJr>KHa 6urr 6auxe x o6u,r-
uofi uexaHriKe, qeM K MexaHr.tKe aroMa. Taxnu o6pasou, cucreMy
pealrnori MexaHHKH Jrefqe fiocrpoHTb, Lrgyqafl. o6uquue MexaHHqe-
CKHE ffBJIEHVfl,  A HE f lBJIEHHg ATOMHOIO MHDA. MIT ENOASE O)KI.I-
narb, qro B lo['paBKax K Mexasuxe Hsrororia 6yaer saKrroqartcs
pn4 oco6euuocrefi, xapaKrepHbrx .q.rrs aronanor:r ruexanuru. Aeftcr-
BHTCJIbHO, B Cd'ICAYIOUHX IJIABAX ONI{CbIBAIOTC' ONbITbI, KOTOPbIC
vKa3brBaror Ha floffBJreHae s o6uquor? Mexaggqecxort cncreue AHc-
KperHbrx cocroRnHr?, croJrb xapar(TepHbrx AJIff aroMHbrx gsreHaft.

B saxflroqenue Hacrosu(efi rrasbr orMerHM errle oArin npocrofi
BbrBoA, xoropurl cJreryer H3 rofo o6crorrrentcrBa, qro npH cso6ol-
HoM ABHxeHHI.i reJra AeficrsKe orcyrcrByer, a cd'IeAoaarelsno, 6y-
AyT OTCyTCTBOBaTb U AOnOJIHT{TeJIbHble cHJrbr:

10. Ceo6oaHoe reJro, Ha Koropoe ,leficrsyor roJrbKo He3aBHcH-
I\tble cHJIhr, AoJt)KHo ABHtaTbCq no o6uqHuM 3aKoHaM MexaHHKH
npr ,'rro6ou cocroflHulr eto BpalrleHr.rq.

Haupuuep, npu ceo6o.(Hora naAeHHH npaqarculnftca BoJrqoK
AoJrx(eH HMerb o6uqsoe ycKopeHue rqxecrn. HecouHexuo, rrro
B nepBoM npn6.nnxeuau H ABHIKeHHI nJraHer oKoJro Connqa
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AoJrlKHbr nponcxoAnrb He3aBHcHMo or cocrotunfl ltx BpaxreHnft. Mu
Bce x(e noJlafaeM, r{To B se6ecuofi MexaHHKe H B 3Be3AHofi Ausa-
Mr-rKe HeKoropbre eQ$emr'r npHrrHHHocrH Moryr noJlyqarbcfl H3-3a
HeoAHopoAHocrH rpaBI{TaqIaoHHbIx noreft, KofAa He Bce 4eficreyrc-
ullle Ha reJlo cHJIbI MolKHo cur{Tarb HegaBIlcI{MbIMH. Paepa6orxa
srofi gax(Hofi npoS.neuu rpe6yer yroqHeHllq rIoHffrHfl 3aBItcItMbIx
cu.u. 3ro Bonpoc, KaK I.I pflA Apyrux Ba)KHnIX BonpocoB, HanplrMep
o roqKe rrpuJrox(eHl{r crlJl a o6parunx npHqIiHHbIx cBqsflx, MbI oc-
TaBr{M noxa 6ee paccMorpeuus. Agto B ToM, qro oru Bonpocbl eABa
JIH cJleryer peularb npoAoJrlKeHnev uaurefi AeAyKIIHH. 3naqHre,ruso
npoqe H HaAex(Hee HaxoAHrb Ha HHX orBeTbI u3 npflMblx onbIToB.
flpoxsseAeusurt aHaru3 AocraroqHo ficHo noKagblBaer, B qeM Aofl-
xHbr 3aKJrroqarbcfl 3Tn onbITbI I,l npeAcKa3blBaeT ptA ocHoBHblx flB-
.renrEfi, Korop[ile Aon>KHbI 6Hrl a [epBylo oqepeAb npoBepeHbl orlbl-
roM. BosMoxnocrb cylqecrBoBaHufl Aalxe npeAcKa3aHHrilx qereHulf

6yaet Ka3arbct QaurasHetl, noKa arl{ flBdreHHfl He AoKa3aHbI npqMo-
floerouy cneAyer nepefirn K HenocpeAcrBenHoMy H3JIo)KeHHIo onblT-
HbIX ,U,AHHHX.

HIABA IV

f l  BJIEH Hf l  NPI{qHH HOH MEXAH I , I  KH,
Bbl3BAHHblE BPAII{EHI{EM BEtvlJItI  H l lpyrHx f lJIAHET

B npeasrayuleft r.nase 6uaa paccMorpeHa ocHoBHar 3allaqa
o B3auMoAericrsua rflx(eJrofo BoJrr{Ka c HenoAe[xHoft onopoft. OS-
$exru rtpur{HHHocru arofi aaAaqu Aor'I)KHbr npoqBrtrbcfl B pa3flHr{-
ltux aeQopMauHrx BoJrqKa rrpH BparqeHnH ero B pa3Hhre cropoHbr.
oAsaro a ra6oparopHbrx ycJroBr-rrx oqeHb rpyAHo nocraBnrb onbrr,
B KoropoM arn aQQexru 6u,rn 6u AocraroqHo oulyruMbilMu. fle.rro
B roM, rrro npfi MaJrbrx pa3Mepax reJla r{ 60murux cKopocrqx Bpa-
IIIeHHfl AeQopMauufl TeJra 6yaer onpeAeJrflrbcfi He BecoM, a qeHrpo.
,6exsuul.l cu.rlaMH, no ornoureHr.rrc K KoropblM r.rHrepecyrculue Hac
cHJIbI IIpHTIHHHOCTH OKaXyrCt oqeHb MaJrbrMH. To.ntro y reJI nna-
HerHbrx pasMepoB Moryr 6url 6o.nrrrrue cKopocru BpaqeHr{fi npH
fiaJlbrx qeHrpo6exHhrx ctrJrax. Bo npautapuuxcs se6ecsux reJrax
I{Meercr esauuo4eficrBne MexAy 6ucrpo BparqanulHMncfl gKBaro-
pHaJ'rbHbtMIi MaccaMr.I u MeAJIeHHO Bpa[iaur{HMl{Cfi MaCCaMr.I, pac-
TIOJIO}I(CHHbIMI,I OKOJIO OCH. DO.NIUUHCTBO IINAHET CO.IHE'IHOII 

- 
CH.

€TeMhr Bpau{aercfl np_orHB qacoeofi crpeJrKu, ecJlr{ cMorperb c Hx
.ceBepHofo rroJrroca. Cor.nacso BbrBoAy 8 npeauayulefi 

-rflasbr 
Ha

3KBaropI{aJIbHbIe Macchr AoJIx(HbI Aeficrsosarb AonoJtHuTeJrbr{bre
aKrHBHbre cHJIbI, HanpaBJIeHHble K ceBepy. Ha uaccu xe, pacnoJro-
)I(eHHbre oKoJro ocH BpaqeHHq, AoJIXHN AefiCreoBarb re )Ke caJILt
B HarrpaBJreHHH K rory. _OuenHAHo, 

qro Ha noBepxHocrn 3err,r.nn,
s o6onx rroJryr[apuflx, 6yAer cyilIecrBoBarn napa.nJreJrb, Ha Koro-
porl cunu npuqunHocrr.r paBxbr HyJrlo. B pesy.nlrare Aeftcrsrrfl Ao-
IIOJTHHTe,'IbHbIX CHJI CeBepHOe noJlyulapHe nJIaHeTL[ AOJTXHO CTaTb
6oaee cx(arbrM, a rox(Hoe 6olee Bhr[yKJrbrM. @rrypa nJraHerbr cra-
Her HecuMuerpuvnofi no oruorrrennro K gKBaropr.raJrrsorl nlocxo-
..crr H B MepHAHaJrbHoM ceqeHr{H 6yaer KapAnor{Aofi. l lonyuenuan
"$unypa Moxer 6uru onncana BBeAeHHeM AorroJrHuTeJrbHoro Heqer-
HOfO qr'IeHa B ypaBHeHHe SJrJrHnCOI{,{,a:

r  -  a ( t  -  r cos 'p  -  r1 l ( cosp ) ) , (14 )
rAe r - paAriyc-BeKrop TorrKH Ha noBepxHocTH nJraHerbr, npoBe-
AeHsuft r.rs rorrKn nepecer{eHur ocu Bparueuur c sKBaropr{a.llrnofi
nJlocKocrbro, T. e. ulocKocrbro uau6oalurefo ceqeHnff, d- paAayc
SKBaTopHaJIbHofo ceqeHHfl' p - [oIqpHoe paccTofiHl{e' oTcqHTbIBae-
y9e or ceBepHoro rroJrroca nJrauerbr, s - cx(arr{e. Qynxuax
f(cosp) AoJrx(Ha coAep>Karb roJrbKo HeqerHbre crenenu cosp. f lpu
MaJroM ll rureH c nepnori creneubn 6yaer paBHocHJreH cABr.rry Ha-
rra!'Ia KoopAHHar. flosror"ry SyHxuHn | (cos p) Moxer coAepxarb
cre[eHH cos p, ToJrbKo HaqrlHaf, c xy6a H Bbrure. 3aueruM, rITo
Adfi noflyrreHuff KapAr.rouAbr, a He oBa!'ra, SyHxqnr f (cos p) Aor'rx<Ha
cocrofrb, no rpafinetl Mepe, H3 AByx rureHoB c pa3HbtMH creneHsMH
"cosp. Hopul lpyerr l  f (cosp) rax, uro6u Ha ceBepHorvr nonroce (p:



: 0 o )  f : * 1 .  T o r a a
A C H M M C T O H H :

r; uoxer 6url Ha3BaHo

bs - br,t
, l : - - -T.

xoaQ$uunenroM

3Aecn bs u bN coorBercrBeHHo rox(Has H ceBepHas nOJIgpHaff nO-
nyocb. flpH yrraenarueHr.rH clr(arHr roxHoro noJryuapnr B cpaBHeHHIr
c ceBepHblr'l bs ) bN H T ) 0. OrpaHHqHBaqcb ry6ou u nsrotl cte-
neHbro cos p, 6yaeu r{Merb cJreAyroqee BbrpaxeHHe:

c o s l p - f t c o s s p (  16 )f  (cos p):
l - k

Tax xar yron MexAy HopMarbro r{ paAIIycoM-BeKTopoM paBeII
r'nlr, to yroJl MexAy HopMaJIbIo K KapAHoHAe I{ HopMaJIbIo K s,'l-

T a 6 n a u a  I

Tpernrt cro.n6eq eroft ra6.nuqn cocquran cofJlacHo BblpalKe-
unro (4) upr4 d,:2. llocne.qsut:t cro.rr6eq Aaer 3HaqeHI-Ifi p, euvuc-
JreHHbIe no Qopr'ry.ne ( l8) . 3rn 3HarIeHHq AocrarorlHo xopoIuo
coBrraAaror co cAe.nanuofi paHee npeAnoJlox(irrelrsofi oqeuKofi.'
Bonrurue 3Har{eHHr B, noryuenHble AJIfl CarypHa n lOnurepa, Moryr
o6bflcnflTbcfl 3uaquTenlsofi HeoAHopolHocrblo STHX nJIaHer B cpaB'
HeHnIi c 3eu,refi. AefrcrsuretbHo, [peAcraBHM ce6e ssaulvlHoe ltpn'
TqxeHne TOJIbKO AByx MaCC: HenOABH)KHblX /?o H BpaqarculHxctt
m". Tor\a AeftcrgHe grux Macc Apyr Ha Apyta, npofloplluonaJlb-
HO? trtotrlu, trPH nocrosssoft o6ureft Macce fito*lftu 6yaer HMeTb
MaKcHMaJrbHoe 3HageHHe IIpH tTtl:tTIu. cxeuatngspyfl 3rHM Cnoco-
6ou nJlaHery, MbI AoJIIKHbI cql{Tarb ffis < mu, qro H npHBoAHT
K MaJrErM 3Har{eHHqM F. tlpu yBerHrIeHHH KoHqeHTpauI{H 3rH Maccbl
6yayr BHpaBHI{Barlcs, AeficrBl{e HX craHer 6o.nlunM, a 3To npuBe-
,qer K yBeJHrreH[rc xosQQuuuenra p.

Aauuue ra6n. I noxagHsal,or, qro acnMMerpnff nJIaHer ornocl'I-
Te.rrbHo 3KBaropl{a,rruoft nJIocKocTH AelicrsxrerlHo cyulecTByeT
fi qro loxuoe noJlyulapue [JIaHer 6onee BblrflHyro, qeM ceBepHoe
(q > 0). llpn orpaxenllu nJIaHer B 3epKane MbI AoJIx(Hbl yBI'IAerb
KaprHHy o6paruyrc, a LIMeHHo yAJIHHeHHe noryurapuq, orKyAa Bpa-
ureHHe Kaxercfl npohcxoAqIIIHM rtporns qacosoft crpenKu. Taxsu
o6pasou, oTHMLI acrpoHoMHqecKHMH sa6lrcAesutMn elqe s 1949 r.
6n.na noKa3aHa Qusuuecraf l  HepaBHoIIeHHocrb Mupa u efo 3ep'
KaJrbHofo oro6paxeHut, Koropar SHaqurerbHo no3x(e 6ttna o6sa'
pyxeHa B MnKpoMHpe o[poBep>KeHI{eM 3aKOHa CoxpaHeHHq qerHo-

crn nDr.r cna6rtx ssauluoAeficrBnqx.
fliueeaeHnoe s ra6r. I suaqeHne rl Ans 3eulu flBJlterct oqenb

upn6anxennofi oqesxoft, xoropylo MoxHo cAeJlarb Ha ocHoBaHEH
uIHporHofO xOsQQuUllenra acIIMMerpIll.I B pacnpeAeJIeHI{lr rfl>I(e-
cra. O6croffTeJlbnoe HccJIeAoBaHI{e cBoAHhIX AaHHblx o rpaBl{raqu-
oHHoM noJle 3elt.nll, BbtnoJIHeHHoe 14. A. XoHroaosaqeN'{ [10]'
TIoATBepAHJIo y)Ke AaBHo H3BecrHoe o6croqte,'Ircrgo o 6o,rlueu
3HaqeHHH Ttx<ecrn B ceBepHoM noJlylrrapuu. Corlacno XoHrono-
uHvy Ag: grv - gs: * 30 ruf an, n, c,leAoBareJlbHo, Lg I g :3 ' l0-5.

L.ts o.tgopoaHofi rIJIaHerbI orcloAa MoxHo 3aKJIIoqHrb, qro ceBep-
Hnfi no,rrcc HaxoAHTcq 6flLlxe K qeHTpy rqxecru nJIaHerbI, qeM

loxriufi. IOxuoe nonyuapue 3euln, KaK H y Apyrux nJIaHer, no'
Jyqaercq 6onee BblTflnyrbtM, npHqeM npu6;tuxeuno Mox(Ho ct{H'
rars \x Lglg. Bo l ls6exagl1e ne4opasyr 'reunft  Heo6xoAtEtr lo
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JIr.rncoHAy AoJrxeH

-Sk cosap) sinp. 3uax uunyc coorBercrByer orKJIoHeHHIo Hop-
MatH BHyrpr{ KapruoHAbr K ceBepy. 3ro eupaNerure 6yAer o6pa-
rllarbcg B Hynb npu6;ltrsl.tte!'IbHo sa rofi napaJt,'reJlH p0, fAe Hcqe-
3aror acHMMerpHqnbre clrJrbr. OrcIoAa

(15)

( t7 l

nMerb 3HarreHne - 
-+ 

(3 cosz p -

, 3
r u - - !

b coS" po

He Sopuynu ( l0) cJreAyer, qro

rl: Fulcr, (18 )

tqe u-gKBaropuai lbrar cKopocrb Bpau{enuf l  nJlauerbl  u p-He-
Koropblri 6eepaeuepnnrfi xoeQQuqneHr, sasucsqaft or crpyKrypbr
trJIaHerbl. Cu.nar, co3Aaioulne acHMMerpuIo, HeKoropbIM o6paaor't
pacnpeAetffIorcfl no sceft Macce IIJIaHerbt. Mu He pacnoJ'IaraeM
Aocraror{HblM 3HaHHeM Bonpoca, qro6u roqHo cKa3arb, KaK npot{c-
xoAHT 9ro pacnpeAeJleHne. OqeeHAHo roJtbKo, uro xoeQQuunenr 0
.rLoJIx{eH 6urr, no xpatlHeft uepe, Ha noptAoK MeHbIIIe eAHHr{ubI.

Hs nraHer conneqHotl cncreMbl nan6o,rruylo gKBaropHa,rbHyro
cKopocrb a HMeror lOnnrep n Carypn. Arq lonnrepa u: 1l  r l r l /c
r.r oxu.u,aeMoe sHaqeHne I AoJIXHo 6uru oKo,ro +3. 10-3. B yrao-
nof i  uepe acHMMerpHn 2aq Ao"' Ix(Ha 6urt  nopaLKa 0",1 .  TaxaR ee-
JIHquHa Mo)Ker 6urr BnoJIHe o6napyxeHa npH au$Qepeuqtta"IIb-
Hbrx r{3MepeHHflx SotorpaQavecxux cHI,tMKoB, floflyqeHHbIX I(pyn-
HbrMH HHcrpyMeHraMH. Aaropor"r H A. O. Moxuaqeu 6sl"'l l.t l-tgl' le-
peHbr MHofoqHcJIeHHbIe cHHMKI.I IOnurepa r-r CarypHa, no,'IyqeHHble
Ha pa3Hbrx o6cepnaropusx. He ocraHaBJII , IBaqcb Ha onHcaHHH Me-
ToAHKH 3Tlrx r{3MepeHufi [5], npI{BeAeM oKoHr{areJ'IbHble pe3yJlbrarbl
B BnAe ta6luqu, B Koropylo BKJIIoqeHa BepotrHaq BeJIHqHHa acHM-
MerpHH 3euln:
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+ 7 .  l 0 - 3 + 3  .  l 0 - 3
{ a . r o - s l o , 6 . l o - 3

= +3 .  l0-s



orMerHTb, r{ro reoAe3ncrbr, r4HTepnperupyfl AaHHue o6 acHMMerpHIr
Tr)Kecrr.r, npHXoAflT c noMourbro reopeMbr K.nepo u.nn Croxca K npo-
TLIBononolKHoMy BbIBoAy - o 6o.nlrueft BbITtHyrocrH. ceBepHoro
noJryrxapux. Cyrs 3roro pacxoxAeHnfl 3aKJlloqaerct B ToM, qro reo-
pur Qurypu 3erra.nu paccMarpHBaer noBepxnocrb 3euan KaK ro-
BepxHocrb ypoBHt roJIbKo AByx [oTeHIIUaJIOB-TflXecrH H IIeHTpO-
6exuux cla.n. llpu raKoM paccMorpeHnu Bo3Mox{Hocrb acHMMerplIH
oAHopoAnoro rera llcKJlloqaerct, ll safiAegnoe 3Har{eHne Ag uo-
xer 6url o6r.acneno rotbKo us6blrxoill n.norHofi MarepfiH B ceBep-
HOM nonyuapu]|r, B cyuIHocTH nporllBopequBbrM npeAnoJIo)KeHHeM
o HepaBHoBecHoM cocrosHnu 3eu.nu. B arou cryrlae ypoBeHHafl tto-
BepxHocTb Toro xe 3HaqeHHff orcrynl{T AaJlbl,ue, u noJyql-Ircf y'..Jtr4'
HeHHe noJryuapr.rr npn 6o.ntureM 3HaqeHIrII Tsx(ecru. Kax BHAHo,
3Ta HHTepflperallHg MaroBepoqrHa, Ho oKoHrIaTeJIbHo oHa Moxer
6nm ycrpaneHa JIHIIIb nptMbIMIt rpaAycHbIMH H3Mepeuunuu Qt't-
rypu 3ervt.nn.

Hnrepecuo orMerl{Tb, tITo npu 4 > 0, MepH.u,I{oHarbHoe ceqe-
Hr{e IIJraHeru Aonxno no ypaBHeHHIo (14) npe/LcraBJlsrb co6oft
KapAr.ronAy, BAaBJIeHHyI,o Ha ceBepe I{ saocrpeHHylo K rcry. Halnune
aHTapKrnqecKoro MarepnKa H ceBepHoro noJlrpHoro 6accefiua,
a raKxe npe,q[oqrHTeJlbHoe pacnoJlo)KeHHe MarepHKoB B ceBep-
HoM nonyuapw4 npfiAatot 3eu.ne BHA I{MeHHo raxofi KapAIroIIAbI.
Bepoxrtto, sro o6croqreJlbcrBo He cnyvafino, H6o Aeftcreue c.na6ux
cr.rJr, Hapyuauuux cHMMerpHIo, MorJIo co3Aarb rlpel{MyulecrBeHHoe
HanpaBJreHHe AJII npoqeccoB BHyrpI{ 3euln.

Becrua Baxuo AoKagarb renepb HenocpeAcrBeHHEIMH onbiraMlt
cyulecrBoBaHue CI{JI, BbI3bIBaIouIHx acHMMerpnro 3eu.nu. fipocrefi-
rusfi onur BhITeKaer Hs BbIBoAa l0 npeauayqefi rJIaBbI, corracHo
KoropoMy Ha cso6oAHo [aAaloulee reJlo coBeplueHHo ne 1eficrnyrcr
acLIMMerpHr{Hble curbr. Ha6nrc,q,eHug rloKa3bIBalor, tITo orBec nep-
neHAHKyJrffpeH K ypoBeHHoft nonepxHocrtl. OrcpAa cJle.u,yer, riro

cI{JrEil npHqHHHocrtI, B03HHKaloulue or esaH}toAellcrBHq Bpalqan-
rrluxcr H HeBpaqalouruxcfl naacc 3euln, pacflpocrpaHtflcb Ha Bclo
cBr3aHHyIo Maccy 3eMlu, flepeAalorcs qepe3 Tor{Ky_ noABeca H or-
KJroHqror B yMepeHnbrx uJnporax orBec K ceBepy. Korla cBfl3b Ha-
pyluaercfl n reJlo Har{HHaer cso6oAuo naAarb, Ha Hero nepecralor
.q,eficrsosarb cH,rtbl, orKJIoHgIoqHe K ceBepy, lI oHo 6y,uer ItoMIlMo
o6n.rHoro orKJIoHeHHfl K BocroKy cABnrarbcfl eule H K lory or Bep-
TVKAilU HA BCTUqI{HV

A l s r y 1 l : 3 . 1 0 - 5 1 , ( l e )

HHH naAeHltr or orBeca ne 6yler. B6,'tt lsn x(e noJIIocoB AoJI]KHo
ua6nroAarrcfl or{eHb MaJIoe orKJIoHeHHe K ceBepy.

flepaue onblrbl, npoH3BeAeHHue fyrou B tHBape 1680 r' no
LIHHur.IartIBe Hsprosa AJIq npoBepKH orKJIoHeHHfl naAalolqHX TeJI

K BocroKy, rrpHBeJIIl fyxa x y6ex4euIlto, qro rlaAaloqee re,'Io or-

KJroHflercq He roJIbKo K BocroKy, Ho H K lory. 9epes cro JIer

3Tr,rMH onbITaMH o6crostenrHo 3aHl{Ma.ncs fn,rleJIbMHHI'I (Gugliel-

T a 6 " ' r u u a  I I

Hooke
Gugl ie lmin i
Benzenoerg

Reich
Rundel l
Hal l

Flammarion

London
Bologna
Hamburg
Schlebusch
Freiburg
Cornwel l
Cambridge,
Mass.
Paris

I 680
1791
1802
1804
183 I
1848
I 902

I 903

R 9

78 ,3
76,3
84 ,4

1 5 8 , 5
400

23

68

+ |  *0 , ,
+ 1 1 , e  |  + 2
+3,4 |  +2

0  l + 3
+4,4  |  +5

+250? l+12
+0,05 

|  
*o,z

_ 1 , 0  
|  + t

+ | *o,t
+r8,e I  +e,2
+e,0 |  +8,eI

+ |  +10,04
+28,4 | +n,50

+ l+r  l0
+r ,4e 

|  
+ t ,zs

+ 7  l + t

rae I - Bbrcora naAeHHs re.na. OrxnoHeHne K lofy noJ'Iyqaercr npo'

nop[HoHaJrbHbIM /, s to BpeMff KaK orKJIoHeHue K BocroKy nponop'
qr{oHaJlbHo l ' lr, nogroMy npg MaJibIx Bblcorax npaKTnqecKg AoJ'l)KHo
ocraBarbcg ro,'IbKo orKJIoHeHHe K loty. LIHcneHHaq oueHKa (19)

OTKJT9HeHHI K tory cogrBeTcTByer yMepeHHbIM IIIPIpoTaM o6Onx nO-

lyurapuft. Ha rpurnuecKltx napanflelnx (p:po) orKJIoHeHHfl' Jrr4-
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mini) s BoroHse H rpr{ueJr K roMy }r{e 3aKJrroqeHr.rrc. BnocaeAcr-
BHH 3rH OnbrTbr fnlrentunHn 6u"'ul noABepfHyTEI COMHeHHIO H

s neoeofi noJIoBUHe AeBflrHaA(arofo sexa 6buu{ [oBTOpeHbI pqAoM
gCC.['eAOsareneft. flxou lepuie.lr CqHraJI, qro yCTaHoBJIeHI'Ie pe'

aJrbHocrn orKJIoHeHHq K lory fiBflqercfl saxHefiueft npo6.neuol ":-

xaHHKH. Ho, Heclrlorpg Ha Bce crapaHbe HccJIeAoBareJIeH' He yAaBa-

Jlocb rtofiytlurb gaAexnrtx pe3yJlbraroB' Xopotuo - I'I3Becrno' qro

3TH orrblTbl BCerAa COnpnXeuu c 6Onlurnuu OUru6xaug, MeUIarc-
TIIHMH HaAexHO IIoJIyqHTb AaXe 3HaqHTedIbHo 6Onluee OTKJI9HeHI'IS

K BocroKy. B 1902 n. Xoal (Hall) n Auepnre MHOfotII{crIeHHIrMU
H TUIaTeJIbHbIMLI OIIbITaMH IIbITaJICfl peul'�ITb oKol{qaTed'IbHo Bonpoc

o c y u l e c r B o B a H I ' I H O T K J I O H e H H f l K I O f y , H - O , K a K O H c a M r l l { i l r e r '
eMy He yAaJlocb cHfirb oror Borlpoc. B ra6a. II npllro,luM pe3yJlb-

TaTbI BCex npoIi3BeAeHHbIX OnblToB rIaAeHHt re,rl.

B gtOft ra6.it l lqe TeOpeThI{eCKHe OTK.TIOHeHI'1g K BOCTOKy BbItIHc-

JreHbr no QopMyf ie Alo. t : ( t /s)goracosQ, a K lofy  coIJIacHo Bblpa-

xeHHro (19). cyas no nocraHoBKe orrbrroB !r Hx pe3y!'IbraraM, JIyq-

urue Aari"ri 6lrnu uo,'ryqeHbr ri 'x(eHepoM Pefixou B IIIaxre <Dpeft-

6ypra. t{ro6u II9Ka3arb, e xaxofi Mepe MaJIoHaAe}I{HbIMt4 g�B1tfl '-

rorcq Aa)Ke 3rH ryri luHe onpeAereHnn, npueeAeM .cJIeAy.!$Yrc 
ra6-

""qV ?trOn. II I) i  *apartepl ' l3ylouyro onltru Perlxa [12] '
AanHne ra6n. II r.r III se Moryr cJryxHrb crpofHl4 ofiblrHblM

AOKa3aTenbcTBoM CyUeCTBOBaHHfl OTKJIOHeHHfl K IOry. Ll.u,HaKO oHH
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+ 2 7 , 1 3
+27,32
+ 1 6 , 3 4
+46,34
+29,03
+ r 0 , 7 0

1 8 , 0 6
1 3 , 9 7
r c , 0 2
n n 9
5 , 9 2

u  ,20

+6,69
+23,05
- t , 3 6

J l 9  4 q
-7 ,88

- 1 6 , 0 2

t9 ,e2
1 6 , 5 7
15,72
t5,24
6 , 0 6

l + ,  l 3

noKa3bIBaloT, qTo cyuIecTBoBaHIie 9Toto oTKr'toHeHHg cooTBeTcT-
BeHHo Qoprr,ry.ne (19) necrua BepoqrHo. Hurepecuo, qro EeHqes-
6epr, He noryrrnBrxlrft npn noBropHbrx onbrrax e 180.1 r. 3ar{er-
Horo roxHoro orKJronegus, nucaJr: <<Sonderbar bleibt doch diese
Tendenz der Fehler hach Siiden>.*

B uacroruqee BpeMr cyurecrByer HerrpaBuJrbHoe y6ex,4eHue
B ToM, rrro onHTbI naAeHH.rI TeJI Ha MauIHHe ArnyAa, BecbMa rula-
TeJIbHo npoBeAeHHare XareHou [13] e Barnraue, nor'rHocrbro o[po-
Beprnu cyulecrBoBaHne ro>xHoro orKnoHegus. B arnx onbrrax Bbr-
cora naAeHHr cocraBtsaa 23 M, [pnrreM ycKopeHue naAeHHq 6u.no
yMeHbIrIeHo lo llzs. He reopnu cJle,qyer, r{ro BerIttIHHa BocroqHofo
oTKJIOHeHI{f l  i l3-3a HaTflXeHHfl HHTH AOJr)KHa yMeHb[IaTbCq B ABa
pa3a no cpaBHeur.rp co ceo6oAubrM naAeHneu. XareH noryqur 3Ha-
qeHue Alost: +0,899-t-0,027 uu, c roqHocrblo ,u,o I % cosnaAalo-
ulee c reoperuqecxnu. OrxloHeHue xre K rory y Hero noJryquJrocb
npaKrnqecKu paBHbrM Hyrrro: Al . : .u9,910+0,027 uu. O,qnaro 3ro
onpoBepxenne rBJrflercfl roJrbKo Ka)KyrrIHMcn. .[eficraHTeJrbHo, or-
KJrOHeHr.re K BOCTOKy npOHCxOAnr COBceM no ApyfOMy 3aKOHy, qeM
K lory. Ha uarunse Arsyla Bocrorrnoe orKJroHeHLIe yMeHburaercfi
TOJIbKO B ABa pa3a, OTK,'IOHeHHe x{e K IOry, H3-3a TOrO qTO TetO
pa3Br3aHo ro!'rbKo sa llu, AoJrxHo no Qopr'ryne (6) yMeHbluHrbcfi
n  25  pae B cpaBHeHuu c  (19)  n  cocraBJ l t rb  A /s :+0 ,03-3Haqe-
Hr{e, coBepuIeHHo' He nporuBopeqaqee p$y/rbrarau Xarena.

Bucoxas roqHocrb p$yJlbraros XareHa B ocHoBHoM o6rsurs-
ercr MaJrL,rMH cKopocrflMu naAeHufi. B onblTax orKJroHeHHq K rory
yMeHbueHr.re cKopocrH Bo3Mo)I(Ho ToJIbKo [yTeM yMeHbureHHq Bbr-
corbr naAeHHfl reJra. floarouy .q,Jrfi [poBepKn cyqecrBoBaHr{q or-
KfioHeHHfl K rory n fly,rroee sauu 6u.n ocyqecrBreH orrbrr naAe-
Huq refla c Bbrcorbr Bcero JIHTIIb 17 uu B BoAy. llaAarculee re"no
6uno cnequaJlbHo H3foroBJIeHo c rlqared'IbHo BhlrroageuHoii ocesofi
cnuuerpuefi. OHo npeacraBttJlo co6oft TonKocreHunrfi .uaryHuuft
IIuJTHHAp AHaMerpoM n nncorofi oKoJIo 4 cM, oHHsy nepexoAquruii
B curourHyro no.nycQepy roro >re ALIaMerpa. Coepxy reJro 6u.no
saKpbrro .nerxofi (a.ununHueuori) xpuutrofi co cseuHorl TIHJIHHApH-

+ Bce xe, KaK Hn crpaHno, coxpanflerct oTa reHAeHuHg orKJIoHeHEr K rory.
(flep. cocr.)

268

qecrofi roJIosrofi B ueHrpe, uuenuefi He6oflburoe ornepcrue (Alla-
Merp nopr,(xa 0, I rtru). t{ep* 3To orBepcrue npoxoAu"'I roHrnft
BoJroc, Ha KoropoM noABeurrBaJrocb re,'ro. Teno noueuraJrocb B ueH-
Tpe creKJIrHHoro cocyAa c eo4of i  AHaMerpoM oKoJro 40 cl t ,  3aKpbt-
Toro f ip03par{Hori  xpuiurof i .  Bonoc noABeca t tponycKance qepe3
ne6olruroe uenrpaJrbHoe orBepcrue eroft KpbrIIKH, 3areM npoxoAHJI
no oclr ctrupaJlu 6onsuroro conporr.rBJleHut, c,']yxclsuefi AJIn nepe-
)I(HraHHq BoJIoca, LI 3aKpenJrqrcq noATJeMHbrM 3alKuMoM, cnHpaal
n 3a)KHM 6u.nn ycraHoBJreHbr Ha KpbruKe cocyAa. B cao6r.qHor{ co-
croflHr.rlt reJro HMeJIo ycrofivHeylo nJraByqecrb, H BarepJrrrHr.tr [po-
xoAn,'ra ua 2 cu HH)Ke efo BepxHero rpan. llpvt noAbeMe re,'Ia Ha
Bbrcory 17 urr,r efo Bec yMeHbuaJrcfl poBHo B ABa pasa, Bx"rrcue-
HHeM roKa Mox<Ho 6u.no pacnJraBr.rrb BoJIoc BHyrpI{ cnnpa.rtu H ocy-
IrIecrBHTb na.[eHLIe rera 6eg ropu3oHTaabHbrx ToJlqxos. f]ccne na-
AeHHfi TeJIo KoJle6a.nocr crporo BeprHKaJ'IbHo c 6ucrpbtM 3aryxa-
Hr.reM. O6osHa,{HrrI qepe3 I eucory noA'beMa reJra HaA narepalrunefi.
Orsneraqcb or garvx anufi:

-  -a l ;  l : l ocos  4o t ,

flepnoAa xore6annft I no,ryvaercr

T:2x11/a.

floAcraerqr B gTH Bbrpax(eHufl HaqarbHbre AaHHbre

t  t a , t t ,- ) -  e : \ f r ) " i  to :  r ,7 ,

HaxoALIM c t , :3 .1G;  f  :0 ,4  c .
Ha6nro,qear.rg ropn3onTa,'rbHbrx cueulessfi reJra nocJle naAeHHfl

rrpoH3BoAHJIHCb nO fiep[eH.U.tKyJlfl p HbrM Harrp aBJleHHfl M c noMolllblo
AByx nepucKorroB, BcraBJreHHL[x B KpbrluKy cocyAa. Hsuepnre.ur-
uue rpy6nr noMeulaJrncb B Apyrofi xouuare Ha 3HaqH.reJIbHoM pac-
croqurrn or ecefi ycr'aHoBKH. Hal rputuxori cocyAa 6uaa ycra-
HOBJIeHa MafleHbKaq 3fleKTpuqecKar JIaMna, KOTOpar AaBaJIa Bep-
rnranrHufi 6.nur sa qnrr.rH,{pHrrecxori roJroBKe re.ua. Ha6JIIoAeHLIe
6nuxa HcKJIrorIaJIo otuu6xu, cessaHuble c Bo3Mo)KHbIM BpaqeHlleM
re.na. 3aryxaHr.re ropu3oHraJrsHofi cxopocrn nJIaBarcueio B BoAe
TeJra npoucxoAirr BecbMa MeAJreHHo. llosrouy He6orumaq HaqaJIb-
Has cKopocTb Moxer npr{Becrr.r K BecbMa oqyTLIMoMy fopH3oHraJlb-
HoMy cMeIIIeHHIo. Ha6rnlenuq noKa3aJIH, qro ropnsoHTaJlbHafl
cKopocrb Hauero re. i ra y6unana no 3aKony u:usl- t t to npn /o:
:L2O c. Taxuu o6pasou, noJrHoe ropr.i3oHTaJlbHoe cMeI{eHHe paB-
HrJrocb paccrosHnlo, Koropoe npouJro 6u rero lpu paBHoMepHoM
ABrix(eHHH sa 2 uur.

fiocrapaeucq re[epb oueHHTb Ber'rr.rqnuy o)KHAaeMofo cMeule-
HHR K rcry.  VcxopeHne K rory coutacno (19) paBHo 3.10-5 or
$arrnuecxoro BeprHKaJrbHoro ycKopeHns rena. l loarouy 3a noJI-

T a 6 , , r u q :  I I I

LIHc,ro onuros
OtrlcHexHe

K BOC?OKy,  MM
BeposrHas

ou:Ir6Ka, MM
Otxaosenue
K roryt MM

BepoqrHaq
o[H6Ka,  MM

22
T2
t 2
t 8
2 l
2 l

d2I
a,

g, cJIeAoBaTeJIbHo, AJIS



nepuoAa, KofAa ycKopeHr,te HanpaBJreno BHH3, TeJIo AOJIXnO npuo6-
pecrH cKopocrb K lory:

T12

u s : 3  .  l o - s  \  4 ,  d t : 8 .  l o - '  - 2 4 A h : 2 .  l o - 3 .

3a apyryro rroJloBi.iHy neproAa ,(eficrgue rr)Kecru corJlacHo
eropofi Qopnryae (6) ocraercfl HeH3MeHHbtM H noplt3oHrarbHaq
cKopocrb reJra H3MeHHrbcr He Mo)Ker. Taxuu o6pasou, ga n fie-
pHoAoB AoJrxHo [oJryquTbcff r'opr.r3oHTaJIbHoe cMeuIeHHe rera /s:

Orar. l. OrxloHense or orBeca
oKoErrare.rlbBoro IIOJIOX(eHXq rera
nocJre [aAeHut B BoAy c BbI-

coru 1,7 clr.

-astsn-2,4 ttM. Ecrlt ece xore6aHuq reJla SKBHBaJIeHTHbI AByM-
TpeM He3aryxalotqHM xole6asnsM, ro cMeu1eHl{e reJla K loly Aon-

x<Ho cocraBrqrb 5-7 tvtu.
l lpaxruueCKoe OcyqeCTBJIeHae sTOfO onblTa 3arpy1HflJlocb

KoHBeKuHoHHbIMH ToKaMH B Bo,{,e. f loMeuraq cocyA c reJIoM BHyrpIc

Apyroro cocyAa c sogofi, B cBolo oqepeAb 3aKpblroro qxlnHApuqe-

cKr.rM gKpaHOM [Ig 6.nectsuleft )Kecru, yAaJIocb cBeCTI't CKopOCrb

KoHBeKuIIoHHbIx roKos Ao 0,1-0,2 wulunn. !,pyrar rpyAHocrb 3a-

KJTIOT{aJIaCb B OcyuIeCTBJIeHI,IH cnMMeTpHrlHOrO_3a)KI'IMa eonoca 6eg

nperlMyUecrseHHOfi nJIOCKOCTH HarrXeHsfi. BOguoXHocrb raxofi

npeHMyIIIecrseHHoIl nJIOCKOCTIi 6uaa B 3HaqnTellsoft cTeneHlt

yMeHblxeHa. Bce xe AJIfl HcKJIIoqeHI{t erux otUn6OK OnbIrbI IIpoH3-

BoAqJrr.rcb B pa3IHqHbIX a3HMyraX [yTeM IIOBOpOTa nCefi yCtauoeXn.

flOCne TO;O KaK re_,tO 6st,rO _IIOABeIUeHO, 
OnbIT 1pOI{3BOAH"'ICq qepe3

HecKO,'IbKO qacoB. Ha Sur. I nSO6pax<eHbl p$yJIbTaTbI_3T!IX H3Me-

peHntl 1OJIHOTO CMeUIeHHfl TeJ-Ia B BOAe IIOCJ1e IIaAeHHg. KOOplunar-

Hue ocn (X u Y1 6uara esl6paHbl cryr{afiHo s coorBercrBnn JII{IIIb

C opHeHraqaefr nOUeuIeHLIfl, B KOTOpOM npOI.l3BoAHJIHcb Onblrbl.

I{erirp [oryqeHHorO o6naxa TOTIeK pacnOJIo]KeH Aeticrg1lre,rluo

K rory Ha paccrorsun 8-9 MM Or ToqKH [oABeCa, qro xopoHo co-

rJracyercfl c npeAcKa3aHHbIM pe3yJlbTaTou. OrrnOUeHI'Ie K BOcTOKy

B 3TOM ONbITE AOJIX(HO COCTABJIflTb TOJIbKO AOJIH MHJIJII 'IMETPA'

IIOarOuy nolyr{eHHoe He6onsUOe CMeI[eHHe K BocTOKy A9JISHO

6Url peSyltrarOu ueXOrOpOfi, He BIIOJIHe HCKJIIOqeHHOfi CnCreUarg-
qecxoil oruu6xn.
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Ha noBepxHocrn 3euau npeo6pasoBaHHe o6uqsofi rr)Kecrrt
A(p)  s  Ha6rrcAaeuylo r f l )Kecr t  A ' (p \  HMeer BHA

A '  ( p ) :  A ( p )  *  j v  ( p ) l  A ( p ) 1 , (20)
rAe T (p) npeAcraBJrrer co6ofi xoeQQHqrieHr nopflAKa [0-5, 3aBH-
csulNli or nortpHofo paccroflHr4fl. p H no,'rolKnre.nrgufi B yMepeH-
HbIx rxuporax o6olrx nonyurapuf i .  Cornacso BbrBoAy 8 raasu I I I
groMy npeo6pasoeaHr.rro orBer{aer cJreAyrouee npeo6paaoBaHHe
peaxqnr? :

R ' : R - i v ( p ) l R l . ( 2 1 )
<Dopuy.rru (20) n (21) rB,'rflrorcfl pe3y,rbraroM npeo6pasoBaHnfl
xoAa BpeMens. flosroMy Mo)KHo npeAnoJro)Knrb, qro u Apyrue cnr'rlJ
B cBfl3aHHbrx c noBepxHocrbro 3eunn cilcreMax 6yayr BHAor.r3Me-
Hqrbcfl coorBercrBeHHo 9Tr.rM $opnaynau: ynpyrr{e cr.tJrbr- aHaJIo-
rHrIHo peaKqHffM no Qoprr lyne (21),  cHJrbr )Ke HHeprruH-aHaJrornq-
Ho rtxecra no Qopuyle (20). CnpaBeA,'rr.rBocrb 3rofo ttpeArroJro-
)KeHHq Jrerqe Bcefo npoBepraft, no AeficreHro Ha cHcTeMy neprroAH-

qecKnx ciu. AeficrBureJrbHo, cpeAHHe rro BpeMeHH 3rux c^n A n

R puu"t HyJIIo,  B To BpeMq KaK

A'  :  i y  @) lA l ,  R '  :  j v  (p ) lR  l . (221
Hanpnuep, rrpH xole6aHusx cncreMbr B ropu3oHraassol i  rrJroc-

Kocru AoJr)KeH noflyrrnTbcq cABHr xo.ne6nrcqefocfl TeJra K ceBepy.
Anr nonyqeHgr 3aMerHbIX cABHroB ocraHaB!'InBarbutue reJlo cnJrbr
AoJIx(HbI Hapacrarb c paccrorHueM oqeub riocrefleHHo. Buecte
c reM flepuoAur{ecKn MeHrroullrecq cHJIbr Ao,rx(ttu 6um no Bo3Mox-
Hocrn 6o.nrrunur.r. Srau yc.nonunu 6yAer y.u,oBJrerBopflrb .4,ruHuufi
MaflTHHK, Teny Koroporo coo6ulaloTcfl 3Har{HTe,'IbHbIe rcpH3oHTad'Ib-
HbIe ycKopesus rone6aHneM HHrH noABeca. B [epBoHaqaJrbHoM Ba-
pHaHTe onbrra cHMMerpHqHoe re, ' ro MaflTHHKa BecoM oxoao 30 r
6H.[o noAserueHo c noMoulbro HHrH ToJnunuott nopn4xa 0,1 MM r]
.qnuHoft 180 cu (nepuoa 3 c) K xeJre3Hofi n.nacrnuxe, Koropyp
MoTJIH troATsfuBarb no BepTHKaJII{ pacfioJrox{eHHble ga.u, gefi aJreK-
TpoMarHlrrat. I,IsN,IeHqff qacrory roKa, MoxHo 6uno cogAarb nn6tte
BepruKaJrbnbre Apox(aHuq rtoABeca. flpn Apox(aHnsx MeH.flercq Ha-
Tq)KeHHe Hvrr4, Ir no46opou qacror Mor(Ho 6uno ocyutecrBrlrb flB-
JIeHHe napaMeTpHqecKofo pe3oHaHca, KofAa HHTb MaflTHHKa npe-
BpauraJlacb s xone6alouylocfl crpyHy c HenoABHlKHbrM H noqrrr He-
troABH>xHbrM KoHIloM. Kone6aHus trapaMerpHqecKofo pe3oHaHca
6unn He noJltpn3oBaHbr, H HHTb HMeJra BHA BnoJIHe cr.rMMerpr{quoro
BepereHa. PesouaHc ocyulecrBJlffJcq Ha pa3rnr{Hbrx qacrorax, Ha-
npnMep npn rracrorax oKoJro 90 fu, paccroflHne Me)KAy y3JraMrl no-
nyquflocb noptAKa 60 cu lrpu noJrHofi aunnnryAe B [yr{HocrH oKoJro
7 urr,t. Taxuu o6paaou, ropH3oHTaJIbHbre cn,'rbr, npHJIolKeHHbIe
K TeJry MaqTHrrKa, nonyqaJrHcb nopqAKa HecKoJtbKHX nporIeHToB

YrMM
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Beca. Orasanocr, qro MatrHHK MoxHo B nJlocKocrn MepH,u.HaHa
pacKaqaTb I,TJIH ocTaHoBr.rTb, ocyulecTBlfq BKJrroqeHHeM ToKa Ha Ko-
porKoe BpeMfl napaMerpu.recKfifr p$ouaHc rrpt,t npoxo>KAeHr.rn Ma-
flTHwKa oKoJro fioJio)KeHuq paBHoBecufl. 3ror xe eQ$exr [oryqarcfl
npH nocrof lHrioM Apo>KaHHH noABeca nepexoAaMH or Hep$oHaHc-
goft qacrorbr K p$oHaHcy. 3a 50 nocneAoBareJrbHbrx gxrlo,{eHr.rft
TOKa, KOrAa MaSTHLIK ABHfaf lCs K CeBepy, noryqarocb [oJIHoc pac-
KaqHBaH[e s I I\arvl. OcraHoera )Ke npn groft ria,{ansrioft aun,rriryAe
noryr{anacn sa 15-20 sxnrcqeHuli rora npn ABH}KeHHH MarrHHKa
K rory. OrcrcAa Moxno 3aK,rrcqaTb, qro npn Harrlr{Hr.r ropn3oHTanb-
[Ibtx cocraBngloulux HanpgxeHll* HI4TH Ha MarrHr4K AericrByer He-
'Koropafl AonoJIHnreJIbHafi cnila, HanpaBJIeHHar K ceBepy. Oraea-
Jrocb, ,rto Aericrgl{e aroft cnJIbI MoxHo Ha6,'lnAarb HenocpeAcrBeHHo.
neircrehreJrbHo, npn AnnreJrbHbrx BKriorreHugx roKa, T. e. npu no-
crorHHoM napaMerpHqecKoM eos6yx4eHun, cpeAHee [oJroxeHne
Mas:tHVKa cABr.{raJlocb K ceBepy Ha BeJrHqHHy or(oJro 0,04 rr,tivt or ero
rloJroN(enrifl B rroxoe r{JrH npr{ orcyrcrBr.ru pe3oHaHca. Taxuna o6pa-
3oM, BeJrHrIr{Ha groii AonoJlHnrearHoii cur'rbr, gericreyrouqer? r cenepy,
noJryqnJracr panHoi i  2.  l0-5 g.

3ror onur AoJIx(eH Aarb Bernrrusy yrv(p) ropu3oHraJrrHofi npo-
€KUHH eexropa iy(p) corrracno Qopr,ry.ne (22). flpanrE.rruufi no
noprAxy pe3yJrbrar noryqnrcn, ecJrri n Soprrryne (22) rrprdHHMarb

, ; ,
l ,nn  lA l  r ro r rHoe 3HaqeHHe rqxecrn  A(p) .Tarnu o6pasou,  fopH-
3oHTa,rIbHble cH,'IbI, 4eftcrayrcu1ne Ha reJIo npn rrapaMerpHriecKoM
pe3oHaHce, roJrbKo nos6yx<4aror nepexoA B Apyroe paBHoBecHoe
cocrosHHe, B KoropoM Ha MaflrHl{x Aeftcrgyer He cuJra Beca A'(p),
a cui la A"(p) c yABoeHHula xosQQur{HeHroM V(p).  t lpaBu, ' rbHocrb
ororo 3aKJrroqeHus 6sna npoBepeHa Ha MaqrHHKax A!'Ir4Hoir 3,30 rvr
r.r 10,60 nr. C nououlrro ysxoli u{eJIH Mox<Ho 6sI.no noryr{arb KoJIe-
6aaun, noJrspn3oBaHHbre B o[peAeJlenHoir nJlocKocrrl. OKasarocl,
qro nepexoA e sos6yxAeHHoe cocroflHHe A"(p) ocyu{ecrBJlfr.ercfl
ToJIbKo c noMourbro ropa3onTaJrbHblx curr, Aeficrsymur{x B urocKo-
cru MepHAtraHa. flonopauHeaq [flocKocrb nortpH3arrLIH, rrpr{ Aocra-
TorrHo 6o.nruoft aM[JrHryAe xo.ne6asnfi Mo)I(Ho 6uno uaftrn KpHTH-
.{ecxHfi yroJl, npH Koropona aQQexr ro floflBJ!flJrcfl, To Hcqe3aJI.
Aa.nsnefturee yBeJrHqeHHe npoeKlrrau xo.ne6 aswit sa nJlocKocrn Me-
pHAHaHa He H3MeHfl ,ro AocrurHyroro cocroqHut A" (p).  f lepexog
B cocrogHue A" (p) BcerAa npoucxoAu, ' I  cKalrKoM, KaK ToJrbKo r lpo-
€Kqrl f l  fopH3oHTaJbHbrx ycKopeHuft  Ha n, ' IocKocrb MeptIALIaHa Ao-
crr i raJra HecKoJrbKHx r ipoueHToB g. f loqereHHe eQQexra coBep-
IIIeHHO He 3aBI.lCe,' lO OT I{aCTOTbI pe3OHaHCa' T. e. OT tlHC,{a y3JIOB
r{a HKrH Maf l rHHKa. CueuleHHe K ceBepy re la Maqrgl rxa A"nusof t
10,6 l l  cocraBrqro s f ly ; r rose 0,21 MM. Kax sr . rAHo us Qnr.  2,
aunefisuft aQQexr crporo npoilopunoHaJleH A,tIHHe MatrHl.tKa.
C ynenuueHueM uuporbl Mecra sa6.it ioAeHnft cneAosa,'Io oxuAarb
3Haqr lTeJrbHoro yMeHbueHHff  vr (p) ,  Bo-nepBbIX,  I '13-3a yMeHbIxeHHq
ropu3ouTaJl l t ror? npoeKII I4H,  Bo-BTopbIX,  H3-3a pe3Koto yMeHb[IeHHs
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BeKropa jy(p), BerHrrHHa Koropofo AoJrxHa [poxoAr.rrb qepe3 Hyrb
B BbrcoKr{x urnporax. AeficrsureJrbHo, onbrrbr a r. I(nponcxe (flo-
JlflpHo-anbnuftcxnfi Eorasuqecruft caA AraAerrlulr HayK, p:67"39')
I IOKa3aJTH yMeHb[Ielae viv (P) 6onee qeM B ABa pa3a B cpaBHeHHH
c f lynxonoM rp:59o46' (crrr .  Qnr.  2).  l lpn sa6.nrcAeuaH srofo Ma-
,roro aSQeKTa B l(uporcxe oKa3aJlocb, qro npn oqeHb 6o,'lnuux ro-
re6aHuqx HHTH MaflrHr.rK Moxer nepeftrn B cJreAyrot{ee eos6yxAen-
Hoe cocroffHr. te A" '(p) c yrpoeHHbrM xosQQlr lr . renroru y(p).

Oan. 2. Jfi.rnefiHoe cMeu{eHHe
Maf l fnnKa npu en6pauurx  B  3a-
BHCIITTOCTIi OT .IIJIHHLJ MAflTHUKA,

Bepxnar  npqMaq coorBercrByer  Ha-
6 , ' r ro , : ,eHHqu a  f l ynxoee (g :59o46 ' ) ,
r IHXf lEr -B  EOraHrrqecxou ! -aay

r .  I ( rpoecxa (0 :67039 ' ) .
5 1 0

,D,nuua MasmHu(olM

Hsyuaeuue cuJrbr HanpaBJreHbr rro ocH BpaqeHHq 3er\,rnH. flo-
3roMy B yMepeHHbrx ruuporax ceBepHoro noJryuapr,rfl ,{,oJxHLil H36-
JIIOAaTbCt BepTHKaAbHhre [poeKrIHH, HanpaBJIeHHbre BBepx, KoTopble
MoxHo Irbrrarbcfl noJIyqHTb npH on6paqnqx cncreMbl c BeprHKadlb-
sofi creneHrrc cao6o4u. llpocrefiureft cncreuofi raKofo poAa qB-
Jlnrorcfl pbrqax{Hbre tsecbl !,onycrHtvr, qro Ha oAHoM KoHIle Kopo-
Mbrcna BecoB noABerxeu rpy3 Ha )r(ecrKoM rroABece, xoropufi MolKer
IlepeAarb rpy3y nu6paqnu KopoMbrcJra. flpyrofi x(e, ypaBHoBerrHBa-
IouIHIi, rpy3 noABe[reH c [oMor{bro pe3uHoBbix aMopru3aropoB,
raeflurnx xo,ue6anns. Torla npn na6paqHn BecoB Mo>KHo 6yaer
ua6nrcAarr yMeHbrueHne Beca nn6pHpyr.orqero rpysa. B nponane-
AeHHbrx ollbrrax onopa KopoMblc,'Ia BecoB 6H,ra oxsaqeHa cfletlH-
a.nruori cxo6r<ofi, Koropaq rn6xuu rpocoM coeAuH.qfiacb c pacflo-
JIox(eHHbIM HaA BecaMH sd'rexTpoMafHnrHhiM pene. O6uqr{o B Becax
cyuIecTByIoT HanpaB,'rrrcu{He Anfl BepTHKaJrbHofo flepeMeuleHHfl
onopH KopoMbrcJra npH apperHpoBaHran BecoB. B.uaro,uapa sruM
HanpaBJrfiroulnM noJryqaJrr.icb BepruKaJrbnue xone6aHr.rq KopoMbrcJra
6ee 6orosbrx pacKaqusaHuft .  f ioAasaq Ha peJre nepeMeHHufi  ror
or 3ByKoBoro reHeparopa, MoxHo 6uno Bbr3Barb swtpauuq ,rro6ofi
qacrotir, He Hapyuaq KaqecrBa noxasaHr.rft BecoB. Bce xe ern
onbrrbr cJreAyer npou3BoAnrb Ha Becax ualofi qyBcrBHTe,tbHocrr{
(rexHuuecxue, Broporo r . lacca),  y Koropbrx pe6pa [pH3M corrpa-
Kacalorcfl c [JIoII{aAKaMpr, HMerourHMH $opuy KpbrureK.

Onuru c BecaMH noKa3aJlu, .rro o6,'rerqeHae xecrKo froABerrreH-
HOI.O rpy3a, KaK H CMeU{eHHe B O[brTaX C MaflTHI{KOM, npOHCXOAHT
cKarrKoM, HaqnHafi c HeKoropofi aunaury4u nn6paqafi. flpttxoAnrcfl
no.l6npars onrriMaJrbHyro aM[!'rr.rryAy, npu roropofi no.nyvaercn a$-
Qert, Ho He paccrpaHBalorcff eecu. flprl MuoroKparHbrx B3Be[tr.rBa-
HHrx yAaJrocb r,r3MepHrb o6ner,reHHs rpy3a c ror{Hocrbro Ao

0, ,  " "
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HecKonbKHx.u,ecflrbrx Mr-rnnufpaMrraa. Ha Qur. 3 nso6paxeubr p$ynb-
Tarbl aTI{x onbrroB, IrpoH3BeAeHHbrx B llylrxone H g DoraHr.rqecKoM
caAy r. I(nporcxa. Kar ero cJreAyer H3 HarrrHx $opuya, o6,rerqe-
HLIe rpysa oKa3arocb nponopqnoHaJrbnbrM erc Becy. Vrnoeofi roeQ-
QuuueHr arax rpaSrKoB Aaer yz(p),  r .  €.  BeprnKaJrbnyio npoeK-

n

rIHIO BeKTOpa
pH3OHTaJrbHbrX
yroJr HaKroHa

Onr. 3. O6;Ierqeuue rpy3a npll
aa6paquax B 3aBucllMopru or ero

Beca.
Bepxure npcMaq coorBercrByer Ha-
6':rrcAegxcl'{ e fly.lxone (q:59c46'),
f iux t tc t -B  6orasxqecxo l r  caay

r .  I ( rPorcxa  (e :67 '39 ' ) .

tg q': \zlyN. (23)

i i@). C nououuo srnx sHaqeHufi  H sHaqeHHli  ro-
cocraBJlflIoulux Qnr. 2, Mox(Ho orrpeAeJrHTb g'-

BeKropa iV (p) r ropn3oHry:

npHBeAeHb[ pe3yJrbTarbr Bcex [pon3BeAeHHbrx H3Me-

T a 6 , r u u a  I V

Becrua 3HaMeHareJIbHo' qro noryqeHHaff HaM14 KpHTllr{ecKafl

xrapaJIIeJIb COOTBeTCTByeT B-CeBepHoM nonyuapuu rpaHI{Ue MaTe-

DHKoB H Har{a,[y BnaAHHbI JIeAoeI'Iroro oKeaHa, a B IoxHoM nony-

il;;;,-- nuooopot, rapaJIJIenH. noAHqr'q Marep'Ka AHtaprruxu'

B o6lacrn-oT Kpr.rrr{qecxofi IUI4pOTbI AO noJIIOca acHMMerpHtI-

Hbre CHJIbI MeHfiroT eHar, noetoMy Ha Becax AOJI)KHO Ha6.[pAatrcq

yi"*.n."re nn6pnpyrcqefo rpysa. 3ro yrnxerleHle-9yltt  Ha no-

Jlroce Aocrnrarb Hall6o.nlurero 3Har{eHnfl noptAKa abcoarcrsoro 3Ha'

l reHut aextopa jy(p) yMepeHublx uupor '  Taxuu o6pa3oM' B no'

JqDHbrx o6naCrsx CJreAveT o)KHAaTb HinaeHeHnq yr'lKeneH'ft rpySa

" i Kr oKoJIo 0,2-0,3 Mf Ha 5o tullporu' Becsua BepoflTno' qro

3Tr.rM nyTeM MO)KHO OCyUIeCTBLITb np2KTI'�IqecKIi [oJIe3HOe OnpeAeJIe-

HHe urHpoT B noJrffpHbrx crpaHax. AJrq LI3yqeHLlf acHMMeTpl{qHbIX

crrJr x(eJIareJlbHo floryt{ltrb Bo3Mo}l(Ho 6oniuree qI{cJIo ueuepeuuft

1,(p) no ecefi nonepxuocrn 3eunu. flouutrlo 3aKOHOMepHofo I'I3Me-

ue"iu" cur 1(p) c'urnporofi Mo)KHo ox<LlAarb Lr HeKoropux AgJI'

rorHbIX nsN{eHiiIin, Koropble no3BoJIflT ycraHoBHrb cyulecrBoBaHIle

a 3eN{ae rny6nunux HeoAHopoAHocrel{.
OrxnoHeHne MaqrHHKa H KopoMbIcJIa BecoB npn nu6pauunx

HafijflAHO noKa3brBaror cnpaBeAJrHBocTb BbIBOAa 9 npeau.uyutefi

rJraBbr o Bo3MOIKHOCTH H3MeHeHI'Ig MoMeHTa BpalqeHHff CHCTeMbI

cr{JraMH XOAa BpeMesn. o.u,na r43 CLTII, COCraBJItIoulux napy' npI{JIO-

*."u r orl6pnflypqeMy rpy3y, Apyraq ]Ke cIiJIa' KaK rloKa3blBaer

onblT, np,JloxeHa x Htro'I i{Hxy au6pauuft' Hsutrlu croBaMH' Ao'

noJ IHHTeJ IbHb IecHJ Ib lqB Iq IoTc ' IBHyTpeHHf iM I i I I ooTHo I [eHHIoKcH.
"ia*a au6parop - rpy3. Aeficrnnreliuo, noABeIuHBafl Ha BecbI JIIo-

6orn o6paloM 
^ecn 'c'u.te*y 

su6pa'rop - rpy3, MoxHo y6e4urlcR'
rrro B 3roM cryqae npH pa3JII'IqHOM XapaKTepe an6paun-ft HI'IKaKoro

LI3MeHeHI.Iff noxaganuft BecoB He npoI,tcxoAuT'

ceftqac Mbr He 6yaerr,r HcKaTb-TeopeTLIqeCKOro o6lgcnesns' ua6'

no.qua*tt* aQQerro-n. .[ leno B ToM, qro o[bITbI c fnpocKo[aMH'

no-frp"r. 6yayr^ H3JrOxeHbr B cJreAyuqefi rraee, rroKa3brBaFor aHa-

rorr{r{Hbre oQQexr* . "ouor", Oco-6ennocrfiMl{. f loatouy ueJlecoo6-

pa3HonpoBecTHTeopeTHqec ru f i aganu3nocJ leo i l I , I caH l { 'Bcexo l l b l -
ioe, yurlruBar coBoKynHocrb pe3yJlbraroB'

HegaenCHIvtO Ot r-eOpeTI{qeCKOrO O6rrgCnennfl OiIhITbI C nU6paUU-

flMI{ rpy3oB tIoKa3bIBaIor, tITo npl4 HeKoropux o6croqreilbcrBax Ha

ABH)KyuHecs, Ho cBs3aHHbIe c 3erta"lefi Maccbl 4eftcreyK)T acI4MMer-

pHr{HbIe cud'rbl, B ABa IIJIH HecKoJIbKo pa3 6onruue cu'l '  4eftcreyn-

urHX Ha roKoqu{Hecfl Maccbl 3eu'nn' floatouy AJIx Macc' i:19-ry.:
lurlxcfl B ABLIX{eHnt{, I loBepxHocrl 3euaH He 6yaet ypoBeHHoI{

noBepxHOCTbIo, H AOJI)KHO sa6nrcAarscs B yMepellHblx l l lHporax

;;;;; ;;"yurapnr? rpeHMyu{ecrBeHHoe nepeMelrleHlle srHx Macc

;;;;pt. d a^rocSeie n.nanersl cJleAyer olKI'IAarb cyuecrBoBaHHs

oco6ofi IIHpI{yJIflI{Hn - nepeMeureHIif l Bo3AyIxHbIx Macc rpono-

cQepu K ceBepy c nporunoroKoM K Fory B Bepxullx t"o1::..T1:.13

rlr ipKyr'rsl-(Hn npHueaer K pa3JIKtIHlO KJIKMaros o6oHx lloryuapu?I

nJraHer,  I IpHqeM ceBepHoe r loJ ' IyuapHe craHeT TenJIee IoxHOro'

2 0
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B ra6.n. IV
penufi:

Mecro LLI n pora ^ t z @ ) . l f f  

|  
n " , 0 , . , 0 ' r (p) . r t r  

I
q '

flynnoeo
KHpoacx

5go 46'�
670 39'�

3 , 4 0
9 ? t

2 ,00
0 ,93

3 , 9 6
o < n

5go 32'�
670 581

Vs groir ra6nHqn Br-rAHo, HacKoJrbKo xoporuo yroa rp' coBfla-
Aaer c urnporofi Mecra sa6nrcAesrzrl. Sror pesyJrbrar y6eAure.nruo
ItoKa3brBaer, r]To na6nroAaeuue B orrhlTax c eu6paquarrru cHJIbt
AeftcrefirenrHo paBHbr Aono,rHr{reJIbHbIM acHMMerpnqHbrM crrJlaM
Ttxecrr.r ,  lef icrsyrcquM Ha noBepxHocru 3eulu. Taxnu o6pasou,
oKa3aJrcs Haf iAeHsuu BecbMa npocrof i  cnoco6 He[ocpeAcrBeHHoro
u3MepeHHs cHJr,  BbI3brBaloII lHx acHMMerpHrc 3eu.nH. Sxcrpano,ru-
pys AaHHbre ra6n. IV, uoxno or{eHnrb Kpr.rruqecKyp ruupory 90,
Ha Koropof i  ucqesarcr act{MMerpurlHble cHJIbI:  go:73o (P0:17")-
TorAa H3 Qopr'ry"ru (17) roryqaercs k. :0,66:2l t  M; corJracHo
ypaBHeHHqM ( l6) u ( la) QHrypa 3eu.nu Aorr)KHa orrucbrBarbcf i
Qopruy.nofi

r  -  a [ l  -  ecos '  p  -  q  (3 cos '  p  -  2  coss p) ] . (24'
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VxasaHnoe pa3rr.rqne KJrnMaroB o6oux nonyruapnfi nlaHer Aefi-
crBr.rreJrbHo cyqecrByer. ]--la 3eune cpe,[Hsq roAoBar reMneparypa
IoxHoro JroJryurapus Ha 3" MeHbure reMneparyphr ceBepHofo nory-
uraprn. B pesy^llrare reMneparypHufi arnarop oxasorBaercr cMe-
ITIeHHETM sa l0o K ceBepy no orHorrreHr.rro K rebrpaQnvecxolly. Ta-
roe oolruroe pa3tllrrHe KJInMaroB eABa ,ru lroxuo b6lscsnrr exc-
IleHrpr.rcr.rreroM 3eMHoft op6nru. A;rs Mapca, KaK H AIR 3eunu,
rox(Hoe floJryuapHe xoJroAHee ceBepHoro. 06 erou cBHAere!'rbcrByer
sHaqr{reJrbHo 6ollruee pa3Bnru-e rcxuorl nolnpuofi ua[KH Mailca
B cpaBHeHnH c ceBepHoft. ,II,ns Mapca aror aSSeKr B 3HariHre,rrHort
cre[eHu Moxer noflyqarbcfl, H38a 6onruroro sKcrIeHTpHcHTera op-
6r.rru Map,ca: 3HMa roxHoro roJryruapufl nprixoAnrcfi Ha a$e"nuit'tt
AoJIxHa 6url 3HarrHTeJrbHo xoJroAHee H npoAoJrxurelrHefi, qeM
B ceBepnoM noJry[Iapnn. OAuaxo BecbMa guaMeHareJtbHo, qro H ,u,r'I.E
Benepsr npu Kpyrorofi op6ure ua6nngaercr ror xe aS0err ycu-
JIeHnq cBerJrblx nrreH n6.[HsLr loxHoro noJlloca no cpaBHeHHro c ce-
BepHbrM. C.ne,uyer gaMeruTb, qro B Hacrorrqee BpeMr He cyuecr-
Byer roqHbrx AaHHb[x o HarpaBJrenr.rn Bpaqenns Benepu. Cxopee
Bcero, BeHepa Bpaulaercfl n o6uvuyro cropoHy, KaK n,{pyrue nJra-
Herbr, floarnepxAenneM 3rofo Moxer cJrylKHrb o,qHo roce-eHsoe o6_
croqreJrbcrso. Hs ga6lrcAesnfi aeropa HaA cBeqeHHeM Hoqgoro
ge6a BenepH Mo)r(Ho 3aKrror{HTb, urb aro cBeqeHrre HecKoJrbKo
6o.rrrue npr yrpeHHr,rx sroHrauHqx, r{eM rtpn BeqepHtx. Ecrecr-
BeHHo cgl{Tarb,.qro cBeseHne He6a AoJrx<Ho 6uru culrHee Ha Be-
vepHeri cropoHe Benepu, Koropaq 6yaer sa6.nruAarscs npu yrpeH-
I{Hx sJroHraquqx B cryqae npflMor.o BparrleHr.rfl. fIo-en4rlrrloMy, rr
lnn Co,rnqa HMeercq raKafl, xe acHMMerpHR reMfieparyp noJrylua-
pHft. llpoHsneAeusue MnsHa3proM cnexrpoQorouerpnvecxue us-
MepeHufl reMneparyp [oBepxHocrr.r Co;lnqa Il l] noKa3aJln, qro
loxnufi troJrroc Connqa ua 4o xo.noAsee ceBepHofo. K.nuuaruqe-
cKoe pa3JrnrrHe noflyruapnfi Consua noauepxunaercr eule H reM,
rrTo B roxHoM noJIyuIapHH rrflTHa nogBJIflIOTCfl HeCKOJIbKO qaule, qeM
B ceBepHo.M . Ann nJraHer arrrroc0epuaq uupKy,'r flr\He, K ceBepy re-
peHocHT 6o.nrure renJra 'B ceBepHoe rroJrylxapHe, B ocHoBHoM r.r3-3a
nepeMeurenuq Harperbrx B rporrnKax Macc Bo3Ayxa. Ha ColHue ror
xe a$Qexr noryrrr.rrc.q H3-3a Bo3Moll(Hofo cMeuleHl,rq K ceBepy ro-
KoB, BhrHocflrrlnx n o6.nacra KoHBeKTr4BHor? HeycrofiqnBocrH 6b"rrrrue
TenJra. feouerpnuecKas acuMMerpua Qurypu Co.nsua HHKofAa He
I.I3MepflJracr. flpu nusefiHofi cKopocrn BparrleH[r ConHua Ha 3K-
Barope v.:2 xna/c cae.uyer o)KHAarb acHMMerpHro B yr.nonofi rraepe
oKoJIo 1". flogtouy, HecMorpfl Ha rexHurrecKue rpyAHocru, TaKI.re
H3MepeHHr MorJrr{ 6sr Aars o[peAeJreHunfi pesylrrar.

O4Hoepeuenuo c cHJraMI{, cABr.rraroulr.tMr.t Bo3AytxHHe Maccbr
K ceBepy, AoJrx(Hbr cyuecrBoBaTb nporr.rBonoJloxHo HanpaBJreHHbre
cI,IJrbr, npuJro)KeHHbre K noBepxHocrH 3euru. 3tu cr.r.nrt Moryr BbI-
gBarb cMeuleHnf K rory noBepxHocrHbrx BoA oKeaHoB. Vls-sa cJro>K-
Hocrr{ H H3MeHqItBocrH re,{eHr.rfi BepxHlrx cr'IoeB BoAbr npenMyrqecr-
BeHHocrb .qsuxeHHft K rory eABa Jrr{ Moxgo 3aMerHTb. Ho HeHs-

z  I o

6exnoe ltBl{xeglre K ceBepy rry6nnnoro nporr{BoroKa MoxHo o6ua-
pyx<Hrb no npoHHKHoBeHHro K ceBepy roxnbrx nonflpubrx BoA. Ta-
Koe nepeABnxeHne uy6uHHux BoA, BHAIIMo, .q,eficreureJtbHo cyr[e-
crByer a ArraHrzqecKoM H s THxoLt oKeaHax.

HsroxeHHoe s srofi fJIaBe noKa3brBaer, qro MHorHe L{ pa3Ho-
o6pasnue sBfleHlrq na 3eune Bbr3brBarorcfl acriMMerpugHbrMu cH-
JIaMH xoAa BpeMeHH. flo:rouy sKcnepnMeHraJrbHoe H reoperr.rqecKoe
pa3BHTHe npnuuunofi MexaHnKlr Ablxno npeAcraBJrflrb 6onuuofi
HHrepec AJrr HayK, H3yr{anu1nx 3eu.nn.


